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Article Type: Original Article  Introduction: In this study, the cleaning ability of a stainless-steel rotary instrument called Gentlefile, was 
compared with three nickel-titanium rotary instruments. Materials and Methods: In this in vitro study, forty 
mandibular single-rooted premolars were randomly assorted into four groups: Gentlefile, ProTper Universal, 
RaCe files, and XP-Endo Finisher/ProTaper Universal system (n=10). Final instrumentation was done using the 
aforementioned files with 5.25% sodium hypochlorite and normal saline for root canal irrigation. Debris and 
smear layers were observed by the scanning electron microscope on the canal walls in the coronal, middle, and 
apical third of the root level, through a 4-point scoring system. The chi-square test and Kruskal-Wallis were used 
for data analysis. Results: The Gentlefile demonstrated a promising outcome in smear layer clearance and debris 
removal compared with the other three rotary systems (P<0.05), specifically at the apical third of the root canal. 
Based on chi-square test results, there was a significant relationship between root canal cleaning (three levels of 
cleanliness) in ProTaper Universal (P=0.004) and Gentlefile (P=0.04) groups. Neither of the investigated systems 
achieved complete cleanliness. Conclusion: The Gentlefile rotary system can be capable of cleaning the apical 
third of root canals more than the other three groups including Protaper Universal, RaCe, and XP-Endo Finisher. 
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Introduction 

ne of the crucial principles of endodontic treatment is 
properly preparing the root canal by removing pulp tissue, 

all microorganisms, and shaping the canal system while 
preserving its original structure and creating an apical seal [1, 2]. 
This process increases the chances of successful endodontic 
treatment [3, 4]. Initially, manual files were used for removing 
organic matter and shaping the canal during instrumentation [2, 
5]. However, studies have shown that manual files are not very 
effective in comprehensive debridement and may result in 
debris accumulation on the canal walls [6], making the 
procedure lengthy, especially for complex canals [7]. 
Furthermore, stainless steel (SS) hand files are not very efficient 
in removing dentin from the apical section of the canal; although 
they are effective in removing dentin form the coronal section of 
the canal [5, 8]. The possible benefit of rotary instrumentation 
over other instrumentation techniques such as manual 
preparation with SS hand files regarding cleaning and 

disinfecting effects would be irrigant warming and/or 
turbulence caused by the mechanical rotation of instruments 
[9]. Recently, Neelkantan et al. [3] showed that supplementary 
irrigation agitation with the Finisher GF Brush during the final 
phase of root canal treatment significantly enhanced the efficacy 
of canal debridement achieved through the use of Gentlefile and 
a 25-gauge, 0.04 taper rotary nickel-titanium instrument. 

As a result, achieving a successful endodontic treatment can 
be a difficult process [10]. However, the introduction of Nickel-
Titanium (NiTi) files has led to significant advancements in 
these tools over the past 20 years. NiTi files possess a unique 
super-elasticity property due to the use of memory shape alloys. 
Nonetheless, it has been observed that these files can cause 
microcracks in dentin [11-13]. During preparation, these 
instruments may fracture due to torsion and cyclic fatigue. In 
teeth with complex anatomy where the cutting tip does not 
contact the canal wall, the use of rotary files can be challenging. 
In such situations, irrigation is preferred over mechanical 
removal by filing [14-16]. 
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A major challenge in root canal therapy is removing the 
organic particle debris, which forms during the cleaning and 
shaping of the canal using different endodontic file systems [17, 
18]. It is a superficial layer that consists of organic materials, 
dentin debris, pulp residues, microorganisms, and their products 
[19, 20]. Researchers have found that smear layer removal helps 
to improve the root canal irrigation [6, 21]. Furthermore, it 
prevents coronal and apical leaks while ensuring a better bond 
between dentin and sealer [21, 22]. However, a review study by 
Torabinejad et al. showed conflicting results obtained from 
numerous in vitro studies regarding the significance of the 
presence or the removal of the smear layer [23]. 

Increased canal curvature results in heightened stress on the 
rotary file system employed during root canal therapy and, 
subsequently, on the root canal itself [24]. The concentration of 
stress in the root canal can lead to canal transportation, 
straightening, and deviation, which in turn result in thinner 
areas of dentin. The weakening of the root structure due to 
thinner dentin heightens the risk for apical cracking, which is a 
type of vertical root fracture (VRF) [11]. Due to NiTi's 
limitations in rotary systems, SS files have drawn researchers' 
attention. Among SS rotary system, Gentle file (GF, Tornado, 
Houston, TX, USA), which offers more flexibility, is a special SS 
rotary system. Compared to NiTi instruments, it is more flexible 
[25], abrades the dental canal walls, and prevents cutting 
through the dentin relatively to NiTi instruments [3]. 

GF system includes six files: one coronal file (18 mm, gray) 
and five 25 mm final files (yellow, red, blue, green, and black). 
Each file is made of three SS wires, which separates the file into a 
bilayer apical section and a three-layer upper section [26]. These 
files have an inactive non-working tip with a 4% taper in the apical 
section. A large amount of debris is removed by pulling the file 
gently along the canal walls. Using this file requires a speed of 6500 
rpm handpiece. Its speed changes automatically without the 
operator's control. A unique system, not every handpiece with 
that speed, can be used [4]. ProTaper Universal files (Dentsply 
Maillefer, Ballaigues, Switzerland) have been designed with a 
progressive taper which improves both flexibility and cutting 
efficiency. Furthermore, reduced torsional loading, canal 
transportation, and cyclic fatigue have been reported by using this 
system in root canal treatments [27, 28]. The RaCe (reamer with 
alternating cutting edges) system (FGK Dentaire, La-Chaux-de-
Fonds, Switzerland) is easy to apply with the special design of the 
files which prevents the screw-in effects and provides a better 
control of the instrument advancement for the endodontist, with 
proper flexibility and improvement in curved root canals [29]. 
The XP-Endo Finisher (FGK Dentaire, La Chaux-de-Fonds, 
Switzerland) was introduced to be used after any root canal 

instrumentation, as a final step to improve root canal cleaning 
while conserving dentin [30]. It is a # 25 tip non-tapered rotary 
NiTi instrument made of a special alloy (MaxWire; Martensite-
Austenite Electropolish Flex, FKG Dentaire, Switzerland) [31]. 

Only a few studies have been conducted to evaluate the 
effectiveness GF files compared to other rotary systems. 
Regarding debris formation, Nouroloyouni et al. [32] 
demonstrated that the Gentlefile system did not demonstrate 
reduced apical debris extrusion or faster instrumentation time 
compared to ProTaper Universal. In addition, Gentlefile yielded 
no significant difference compared with two single-file nickel-
titanium instruments of different kinematics when evaluating 
accumulated hard tissue debris [33]. A recent study by Godiny et 
al. [34] concluded that Gentlefile demonstrated better bacterial 
reduction percentage from root canals than ProTaper Universal. 
Also, Htun et al. [4] showed that instrumentation of canals with 
Gentlefile resulted in less transportation at the mid-root level and 
better cleanliness than those instrumented with HyFlex EDM 
(Coltene/Whaledent, Altstätten, Switzerland) and ProTaper Next 
(PTN; Dentsply Sirona, Ballaigues, Switzerland). Therefore, this 
study compared four types (Gentlefile, ProTaper, RaCe, and XP-
Endo Finisher) based on their cleaning efficacy, specifically their 
performance in three parts of the root canal without considering 
any other factors. The null hypothesis of this study was that the 
Gentlefile system removes more impurities and residue than other 
rotary systems. Ultimately, this study aims to establish that the 
Gentlefile group is more effective in cleaning the apical third of 
canals compared to those treated with ProTaper, RaCe, and XP-
Endo Finisher using other instrumentation methods. 

Methods and Materials 

Sampling of teeth and endodontic preparation 
Specimen group contains 40 extracted single-rooted human 
mandibular premolars. This research was conducted at the 
Department of Endodontics within the Faculty of Dentistry at 
Urmia University of Medical Sciences in Iran. The study 
protocol was reviewed by the Urmia University of Medical 
Sciences ethical committee and got approved with this code: 
IR.UMSU.REC.1397.402. As all of the used samples of this study 
were removed as a result of periodontal problems, and the 
samples do not belong to any individual anymore, there was no 
need for patient informed consent. However, the utilized 
samples' consent was obtained from the Department of Oral and 
Maxillofacial Surgery at the Dentistry Faculty of Urmia University 
of Medical Sciences, Urmia, Iran. The teeth with straight non- 
calcified canals were confirmed; however, fractured, cracked, root 
resorbed, and open apex teeth were excluded. Other exclusion 
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Figure 1. Basis of Defining the Scoring System 

 
criteria were teeth with more than one root canal or one apical 
foramen and those with immature apex, root curvature>10° and 
previous endodontic treatment. Extracted teeth were stored in 3% 
chloramine-T solution as a storage media at 4°C for disinfection. 
The crowns were cut from the cemento-enamel junction (CEJ) 
using diamond discs. After that, access cavities were prepared with 
a tapered carbide bur. The working length was examined with the 
#15 K-Flexofile (Maillefer, Dentsply, Ballaigues, Switzerland), 1 
mm distant from the apical foramen. 

Following initial filing with K-files, rotary files were used to 
prepare the root canals with the crown down technique, according 
to the manufacturers’ instructions. Samples were randomly 
assorted into 4 groups (n=10). In group 1, Gentle file were used in 
the preparation up to number 30, with the MedicNRG handpiece 
(Gentlefile Drive, MedicNRG). In group 2, ProTaper Universal files 
(Dentsply, Maillefer, Switzerland) were used to instrumentation. A 
Silver Reciproc endodontic motor (VDW, Gmbh-Munich, 
Germany) was used at 350 rpm and 2.5 N.cm torque. The canals 
were prepared in a crown-down manner. For this, first the coronal 
thirds of canals were prepared with Sx files and then S1, S2, F1, F2, 
and F3 were used. The third group was prepared by RaCe files 
(FKG Dentaire, La Chaux-de-Fonds, Switzerland). The filing was 
performed at a speed of 500 rpm and torques of 1.5 N.cm. Canals 
was prepared using crown-down technique. According to 
manufacturers’ instructions the RaCe files used were as follows: 
#40, 10%; #35, 8%; #30, 6%; #25, 4%; and #25, 2%. Protaper 
Universal (Dentsply Maillefer, Ballaigues, Switzerland) and XP-
Endo Finisher files (FKG Dentaire, La Chaux-de-Fonds, 
Switzerland) were used to prepare the fourth group. ProTaper 
Universal files were used with the same protocol as the second 
group and XP-Endo Finisher files at 900 rpm speed and 1 N.cm 
torque. In all groups, irrigation between filing steps were performed 
using 10 mL 2.5% sodium hypochlorite (Paksan, Tehran, Iran) with 
a 27-gauge needle (Taj, Tehran, Iran), which was inserted 1 mm 

short of the working length. Final rinsing was accomplished by 2 
mL of normal saline. Apical patency was checked using #10 K-
Flexofile. All samples were kept in distilled water after preparation. 

Scanning electron microscopic (SEM) investigation 
Two longitudinal grooves were created with a depth of 0.5 to 1 
mm by a diamond disc on the buccal and lingual surfaces of the 
root [35]. If the root canal was perforated with a disk during the 
creation of the groove, the target sample was replaced with a new 
one. After that, the roots were divided to two halves (mesial and 
distal) by using a chisel and hammer. The intact half of the 
samples was taken to the laboratory for microscopic 
examination. Specimens were gold-coated [36] and tested with 
scanning electron microscope (Phenom ProX, Eindhoven, 
Netherlands). To be specific, in order to make it easier to split 
the roots into two halves, grooves were made longitudinally 
using a diamond disc without entering the root canals. Then, a 
large gutta-percha cone was inserted into the root canal to 
prevent small root fragments from covering the walls of the 
canal. The half of the root with the most visible part of the 
endodontic wall was kept and labeled. These labeled specimens 
were attached to metal stubs, dried, and examined using the 
mentioned scanning electron microscope. The cleanliness of the 
canals was blindly assessed by two calibrated investigators, 
utilizing a four-point scoring system, in each three regions of the 
root (coronal, middle, apical). 

In order to define the scoring classification, at first, the entire 
surface of the specimen was thoroughly scanned. The derived 
images were evaluated based on the following criteria: 
• Level of cleanliness overall 
• Presence or absence of a smear layer and debris 
• Patency of the opening of dentinal tubules.  
The images were then rated on a scoring scale of I to IV as 
follows (Figure 1): 
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Figure 2. A) Clean wall and open dentine tubules (2000× magnification); B) Thin layer of debris and smears (2000× magnification); C) The wall 

is covered with less than 50% debris (1000× magnification); D) A lot of debris left behind (1000× magnification) 
 

Grade I: Completely clean with no debris or smear layer present, 
and patent dentinal tubules. 
Grade II: Mild debris and smear layer, with many patent 
dentinal tubules. 
Grade III: Moderate debris and smear layer, with few patent 
dentinal tubules. 

Grade IV: Severe debris and smear layer, with no patent 
dentinal tubules.  

The scores were recorded directly onto a coding sheet, and 
the goal was to determine if there was any statistically significant 
difference in cleaning efficacy between the four examined 
experimental groups. In this paper, the remaining debris 
amount and smear layer was specifically evaluated and analyzed 
by the following scoring method [37]: 
• Score I: Open Dentin tubules. There is almost no debris or 

smear layer (Figure 2A). 
• Score II: A little debris and smear layer presence (Figure 2B). 
• Score III: A significant debris and smear layer presence 

(covers less than 50% of the surface) (Figure 2C). 
• Score IV: A lot of debris and smears are present (it covers 

more than 50% of the surface) (Figure 2D). 
The magnification of score's SEM images are (2000×) for 

Figures 2A and 2B, and (1000×) for Figures 2C and 2D. However, 
to better show the cleanliness, Figures 2A and 2B portray an almost 
clean wall and open dentine tubules with larger magnification, 

whereas Figures 2C and 2D display a significant amount of debris 
and smears comparing to the previous scoring SEM images. 

Statistical analysis 
Statistical analysis was carried out by the use of Statistical 
Package for Social Science (SPSS, version 20.0, Chicago, IL., 
USA). Two methods were conducted to determine the 
relationship between canal cleaning degrees in four types of files 
(XP; Protaper; Race; and Gentlefile) within three parts of canals 
(Coronal; Middle; and Apical). First, the amount of cleaning was 
classified as a qualitative item (I to IV), and then quantified as a 
mean±standard deviation. The chi-square test was implemented 
for comparing the degree of cleanliness among four groups in 
the first case, while Kruskal-Wallis was implemented to compare 
the amount of cleanliness in the second case. Due to non-
normality of data distribution, it was not possible to do Two-way 
ANOVA analysis. The level of significance was set at 0.05. 

Results 

Table 1 summarizes the percentages of cleanliness in the 
experimental groups. There was no complete cleanliness (Score 
I) achieved by any of the systems examined. Based on chi-square 
test results, there was a significant relationship between root 
canal cleaning (three levels of cleanliness) in ProTaper 
(P=0.004) and Gentlelfile (P=0.04) groups. 

A B 

C D 
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(A) 
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Figure 3. Cleanliness bar graph of four experimental groups in the 
coronal, middle, and apical third of II, III, and IV scoring method: A) 

Score II, B) Score III, C) Score IV 
 

Based on Figure 3, the Gentlefile experimental group shows 
a better cleanliness results as a whole. Specifically, in the second 
score (Figure 3A), the cleanliness of GF is higher than other 
experimental groups in the apical third. Furthermore, in the 
third scoring classification (III) (Figure 3B), the GF group shows 
a greater percentage of cleanliness in the coronal and middle 
third. Finally, in the fourth score (IV), based on Figure 3C, GF 
group has a better cleaning capability in comparison with the 
three other experimental groups (XP, ProTaper, and RaCe). 

According to Table 1, the GF group shows greater 
cleanliness in the apical third as compared to the other three 
groups, meanwhile among the other 3 groups, the middle part 
of the canal had the highest cleaning rate. In general, the 
Gentlefile group achieved the most effective cleaning rate of 
60% in the apical third. 

Normality test 
The results of Kolmogorov-Smirnov test, used for assessment of 
normal distribution of the data, are mentioned in Table 2. 
Considering the meaningfulness of all variables, which are lower 
than 0.05, and proving the zero-assumption by underscoring 
that all data are not normalized, it can be concluded that all 
variables have non-normalized distribution. Consequently, 
non-parametric tests can be implemented for their assessment. 

Comparison of the root cleanliness by four experimental groups 
Through all parts of the teeth and various experimental groups 
in this research, the 1st grade cleaning was not observed, and the 
achieved cleanliness were all between II and IV scoring grades. 
In order to investigate the effect of the position of the teeth root, 
and the utilized groups in the cleaning extent of the teeth, the 
Kruskal Wallis non-parametric test was utilized, and the 
obtained results are indicated in Table 3. 

The K2 (chi-square distribution) for 0.218 root position 
and 3 degrees of freedom has a meaningful level 0.169. 
Considering that this value is higher than 0.05, the root 
position has no significant effect in the cleanliness efficacy. As 
a result, regardless of the root position, in order to grade the 
various files, the mean grade ratings are calculated and 
mentioned in Table 4. Therefore, the results showed that the 
Gentlefile group has the highest cleaning grade rating with the 
value of 72.5, and RaCe group has the lowest cleaning mean 
grade among the evaluated groups. 

Discussion 

This study found that the Gentlefile group had better smear layer 
removal and less debris at the apical-root level compared to 
other groups. This partially rejected the assumption that all types 
of instruments should have no differences in cleanliness 
variables. The GF system's properties, such as flexibility, high 
rotation speeds, and abrading, contributed to improved 
cleanliness, according to a comparison of our findings with NiTi 
instruments. The scanning electron microscope is suitable 
technology for analyzing debris and smear layers [38-40]. The 
study showed that after instrumentation with the GF system, 
there was a considerable amount of debris and smear layer in the 
coronal and middle thirds, but over 80% of the smear layer was 
removed from the apical third, similar to previous studies [4, 
41]. The high degree of flexibility in the GF system allowed it to 
cover all canal walls, especially at the apical third. Therefore, it is 
recommended to use the GF system for optimal canal shaping 
and cleaning, particularly at the apical portion of the canal. After 
instrumentation with the RaCe system, there was a significant  
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Table 1. The frequency of debris and Smear layer presence scores 
across four instruments at three root levels 

Group Score Coronal Middle Apical P-value 

XP-Endo 
Finisher 

ii 4(40%) 6(60%) 4(40%) 
0.585 iii 6(60%) 4(40%) 6(60%) 

iv 0 0 0 

ProTaper 
ii 4(40%) 8(80%) 0 

0.004 iii 6(60%) 2(20%) 8(80%) 
iv 0 0 2(20%) 

RaCe 
ii 4(40%) 7(70%) 5(50%) 

0.413 iii 6(60%) 3(30%) 4(40%) 
iv 0 0 1(10%) 

Gentlefile 

ii 2(20%) 3(30%) 6(60%) 

0.040 iii 8(80%) 7(70%) 2(20%) 

iv 0 0 2(20%) 
 

Table 2. The Kolmogorov-Smirnov test results 

 Statistic 
Degree of 
freedom 

Meaningfulness 
(P-value) 

Cleanliness rate 0.329 120 0.001 

 
Table 3: The Kruskal Wallis non-parametric test results 

 Root position Cleanliness of the files 
K2 statistic 0.218 7.24 
Degrees of freedom 3 3 
Meaningfulness 0.169 0.045 

 
Table 4. The mean cleaning grade ratings of four experimental groups 

Group Mean cleaning grade rating 
XP-Endo Finisher 61.1 

ProTaper 54.9 
RaCe 53.5 

Gentlefile 72.5 
 

amount of debris in the coronal third but little debris in the 
middle and apical thirds. In contrast, Bidar et al. [5] showed that 
use of Race files resulted in significantly more residual debris 
compared with other rotary files. This can be attributed to 
different types of assessed root canals and sample sizes. 

Additionally, our study revealed that the ProTaper Universal 
system resulted in a notably lower organization of debris and 
smear layer in the middle third compared to other studies such 
as Htun et al. [4] and Sabet et al. [42]. This outcome is consistent 

with the finding that the ProTaper system is more 
compatible with the anatomy of the middle part of the root 
canal, as stated Nishad et al. [43] . In contrast, some previous 
studies, including Sharma et al. [44]and Jayakumaar et al. [45], 
found that there was less smear layer remaining in the coronal 

third than in the middle third, and less in the middle third than 
in the apical third. The discrepancy between these findings and 
ours may be attributed to differences in sample size and 
irrigation solutions. Interestingly, after using the XP Endo 
Finisher system, we found that both the coronal and apical areas 
had significant amounts of smear layer remaining, but not in the 
middle third, which is similar to the results of Elnaghi et al.’s [46] 
study, which was conducted on extracted molar teeth with curved 
root canals. This difference can be attributed to the different root 
canal morphology of premolar and molar teeth, particularly in the 
coronal third, and to the different files used with the XP-Endo 
Finisher. According to Espinoza et al. [47], this system removes 
considerably more smear layers from the middle third compared 
to the apical third, which is consistent with our findings. 

Azimian et al. [48] assessed the effect of XP-Endo finisher on 
the amount of residual debris and smear layer on the root canal 
walls, and concluded that debris removal was equal in all three 
coronal, middle, and apical parts, which is in contrast with our 
results. It is confirmed by the manufacturer that the XP-Endo 
Finisher File has shape memory capabilities. Since the file is 
formed during the cooling of the metal, it has no curvature when 
it is used for the first time. When the file comes in contact with 
canal walls, it becomes elastic and adapts to its shape. Similar 
reasons explain the high clearance of this system in the middle 
third compared to the coronal third. However, in the root canal, 
there is no required temperature to change the shape. For this 
reason, smear layer removal in the apical third is less than the 
middle third. One reason for this significant difference is the 
smaller root canal space in the apical third, and another is the 
unfeasibility of using an irrigating agent within the canal [48, 
49]. It is necessary to keep in mind that samples used for this 
study have a moderate curvature, which would be a limitation. 
Consequently, to evaluate GF's performance, further studies will 
need to be conducted on severely-curved canals. Other 
limitation of this study is that no smear layer removal irrigation 
protocol has been used in this study which could be considered 
for the future studies for better similarity of the clinical studies.  

Conclusion 

Regarding the results of this study, it can be deduced that 
Gentlefile system eliminates more smears and debris than the 
other rotary systems. A lower cleaning rate was also seen with 
the Race and ProTaper systems as compared to the other rotary 
systems. To conclude, the Gentlefile group is more capable of 
cleaning the apical third of the canals than others instrumented 
by Protaper Universal, RaCe, and XP-Endo Finisher. 
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