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Abstract 
Background and Aim: This study evaluated the remaining dentin 
thickness (RDT), canal transportation (CT), and canal centering ratio 
(CCR) of three different rotary file systems using cone-beam computed 
tomography (CBCT).    
Materials and Methods: In this in vitro study, 153 extracted 
mandibular molars were evaluated. The working length was determined 
using CBCT before starting the experiment. A skilled dentist then 
prepared the root canals using three types of rotary files: ProFit S3, 
HyFLEX CM, and NeoEndo S. Pre- and post-treatment CBCT scans were 
analyzed to compare the results. One-way ANOVA and Tukey test were 
used for statistical analysis.    
Results: ProFit S3 demonstrated a superior performance in preserving 
dentin thickness and maintaining canal geometry compared to HyFlex 
CM and NeoEndo S. In both MB and ML canals, at 6 mm and 9 mm, 
ProFit S3 exhibited significantly higher RDT (P≤0.007), less CT 
(P≤0.006), and better CCR (P≤0.01) than other systems. Among the 
remaining systems, HyFlex CM performed better than NeoEndo S for 
RDT and CT at these levels. At 3 mm, no significant differences were 
found for RDT or CT; however, ProFit S3 showed significantly better 
CCR than NeoEndo S (P<0.01) and HyFlex CM (P<0.05). 
Conclusion: Among the tested systems, ProFit S3 resulted in the least 
change in canal volume, suggesting that it may be better at preserving 
the original shape of the root canal, as well as the surrounding dentin, 
compared to Hyflex CM and NeoEndo S.  
Keywords: Cone-Beam Computed Tomography; Endodontics; In Vitro 
Techniques; Root Canal Preparation  
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Introduction 
The cleaning and shaping mechanisms in 

endodontic treatment are critical for eliminating 
microorganisms from the root canal while 

preserving its original size and shape to ensure 
effective treatment outcomes [1]. During 
biomechanical preparation, it is essential to 
maintain the root canal’s dimensions close to the 
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original values to avoid excessive dentin removal 
or canal transportation; thereby, preserving the 
canal’s anatomy [2]. Root canals are typically 
complex, often featuring curvatures and 
angulations, especially in molars and premolars 
[3]. Both hand filing and rotary files can alter 
canal morphology, and significant changes may 
lead to issues such as ledge formation, zipping, or 
canal transportation [4].  

Insufficient analysis of canal morphology may 
result in residual bacteria due to incomplete 
cleaning and shaping [5]. Instrumentation can 
induce changes in canal morphology, including 
wall alterations, apical enlargement, and canal 
transportation, which can compromise tooth 
structure integrity and treatment outcomes [6]. 
Proper biomechanical preparation depends on 
selecting a file system that preserves canal 
morphology and prevents excessive dentin 
removal or canal transportation [7]. Factors such 
as file tip design, taper, torque, and speed are 
essential for successful endodontic procedures 
[8]. Nickel-titanium (NiTi) rotary files, known for 
their flexibility, shape memory, and efficiency, 
have transformed endodontic practices, with 
brands like ProTaper Gold, Hyflex CM by Coltene, 
and TruAnatomy offering various options in the 
market [9].  

Hyflex CM NiTi rotary files (Coltene, 
Switzerland) are made of Niti alloy with a 
controlled memory heat treatment [10]. These 
files were manufactured via a method that 
increases the flexibility and fracture resistance of 
the file systems by changing the NiTi alloy 
configuration at room temperature from 
austenite to martensite. They are available in 21 
mm and 25 mm lengths. The file system consists 
of 6 files, starting with the orifice enlarger of 
25/0.8 followed by 20/0.4, 25/0.4, 20/0.6, 
30/0.4, and 40/0.4. NeoEndo S rotary files 
(Eighteenth Orikam, India) have an S-shaped 
cross-section and sharper flutes for greater 
cutting efficiency. They are available in a set of 6 
files - a coronal flaring file of 8% in 19 mm length, 

followed by 17/4, 20/4, 25/4, 20/6, and 25/6 
files in either 21 mm or 25 mm length. This 
system also uses the NiTi alloy system, which 
renders excellent flexibility. It also has a safety 
non-cutting tip, which minimizes the chances of 
ledge formation [11]. ProFit S3 (PS3) rotary file 
(ProFit Dental, India) is a patented file system 
that makes use of blue heat technology. This file 
system reduces the possibility of apical debris 
extrusion by having a variable taper design with 
a rectangular cross-section and two-point 
contact. There is one orifice opener and three 
finishing files in this file system. The files are PF1 
(yellow), PF2 (red), PF3 (blue), and P0, which is 
the orifice opener. The taper levels in each of 
these files range from 4% to 8% with variable 
taper [12].  

Remaining dentin thickness (RDT) is the 
amount of dentin that is preserved after 
biomechanical preparation. If the RDT is very 
low, the chances of fracture are high [14]. Canal 
centering ability (CCR) is a ratio that indicates 
how well the canal maintains its original path. 
The higher the ratio, the better the canal 
centering ability [15]. Canal transportation (CT) 
refers to the unintentional transportation of the 
apical foramen from its original location [16]. CT 
leads to increased chances of iatrogenic apical 
periodontitis [17]. 

Cone-beam computed tomography (CBCT) has 
been advocated as a gold standard for analysis of 
root canal morphology before and after 
treatment, as it provides a three-dimensional 
observation and is non-destructive in nature [13].  

Thus, this study aimed to analyze three 
different rotary file systems namely Hyflex CM, 
NeoEndo S, and ProFit S3 rotary files in terms of 
RDT, CT, and CCR. 

 
Materials and Methods 
Sample size calculation: 

In this in vitro study, the sample size was 
determined using the G Power 3.1.9.7 algorithm, 
taking into account a previous study [18]. A total 
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sample size of 153 was determined, achieving a 
power of 95% (1- β=95%, α=0.05). 

The specimens were randomly distributed 
into three groups for experimentation. Ethical 
clearance for the current study was granted from 
the Institutional Human Ethical Committee for 
Dental Research with the approval number 
SRB/SDC/ENDO-2303/24/266. 
Specimen preparation: 

This study included cleaning and shaping of 
the mesiolingual and mesiobuccal canals of 153 
extracted mandibular first molars. The teeth had 
been extracted for purposes not related to this 
study. The assessment was carried out using 
CBCT. CareStream 3D Imaging version V3.10.21 
software was used to obtain preoperative and 
postoperative CBCT scans of the specimens, 
which were obtained with 120 KV voltage and 5 
mA power for 12 seconds with a dose of 642 
mGy.cm2 and 300 μm voxel size. Preoperative 
CBCT scans were used to assess any defects 
present in the extracted teeth. Teeth with defects 
such as calcification, internal or external root 
resorption, and signs of previously attempted 
root canal treatment were excluded, and only 
teeth with intact root canal morphology were 
included in the study. In order to standardize the 
methodology, the extracted teeth were 
decoronated using a diamond disc (3M, India 
Diamond Cloth Disc 674W, India) with roots up to 
16 mm in length (Figure 1). The extracted teeth 
were stored in saline (Baxter India Pvt Ltd) 
before use. The access cavity was created with an 
Endo Access bur size 2 (Dentsply Maillefer, 
Switzerland), and the canal patency was verified 
up to the working length using a #10 K-file (Mani, 
Utsunomiya, Tochigi, Japan). Also, 5.25% sodium 
hypochlorite (Acquafarma Farmácia, Niteroi, RJ, 
Brazil) was used for irrigating the prepared root 
canal space [9,19]. Teeth were randomly divided 
with the help of computer-generated numbers 
into three groups of 51 teeth each. The teeth in all 
three groups were mounted in a U-shaped rim 

made of modeling wax that mimicked the 
mandibular arch. 
Group 1: ProFit S3 (ProFit Dental, India) 
Group 2: HyFlex CM (Coltene, Switzerland) 
Group 3: NeoEndo S (Eighteenth Orikam, India) 

Figure 1. PRILE 2021 guidelines used for this study 

The three groups of teeth were prepared to a 
rotary file size 25/6% in the corresponding file 
system.  In the mesiobuccal and mesiolingual 
canals of the extracted teeth, measurements were 
made at 3 mm, 6 mm, and 9 mm from the apex to 
determine the RDT, CCR, and CT. The three file 
systems’ pre- and post-instrumentation states
were examined on CBCT axial views [18].  

The degree of CT was ascertained using the 
formula developed by Gambill et al, [20] [(x1-x2)-
(y1-y2)] where y1 is the shortest distance 
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between the instrumented canal's distal edge and 
the distal edge of the root, y2 is the shortest 
distance between the instrumented canal's distal 
edge and the distal edge of the root, and x1 is the 
shortest distance between the instrumented 
canal's mesial edge and the mesial edge of the 
root. Any value other than 0 shows that CT has 
taken place; whereas, a value of 0 implies no CT 
[20]. Similarly, the CCR was calculated using the 
same formula by Gambill et al. [20], i.e., (x1-
x2)/(y1-y2)[20]. A result of ‘1 ’indicates
perfect CCR. The RDT was calculated by 
subtracting the un-instrumented canal width 
from the instrumented canal width [21]. The 
study adhered to the PRILE guidelines [22], with 
all the relevant details outlined in Figure 1. The 
RDT, CCR, and CT were compared among the 
three file systems using SPSS version 24. One-way 
ANOVA was used for intragroup and intergroup 
comparisons. The statistical significance was set 
at P=0.05. 

Results 
Tables 1 and 2 show the mean and standard 

deviation values of RDT (mm), CT (mm), and CCR 
at 3, 6 and 9 mm from the apex for three different 
rotary systems in the mesiobuccal and 
mesiolingual canals of mandibular molars. One-
way ANOVA revealed that among the three rotary 
file systems—ProFit S3, HyFlex CM, and NeoEndo 
S—significant differences existed for most 
evaluated parameters at 6 mm and 9 mm levels in 
both mesiobuccal and mesiolingual canals 
(P<0.05). At the 3 mm level, no significant 
differences were found for RDT and CT (P>0.05); 
however, CCR showed a significant difference 
(P<0.05). Detailed findings are as follows: 
At 3 mm from the apex: 

Mesiobuccal canal: No significant differences 
were found among the three groups in RDT 
(P=0.081) or CT (P=0.079). However, a 
significant difference was found among the three 

groups in CCR (P=0.001). Pairwise comparisons 
showed that ProFit S3 maintained a more 
centered preparation compared to NeoEndo S 
(P<0.01) and HyFlex CM (P<0.05). 

Mesiolingual canal: No significant differences 
were found among the three groups in RDT 
(P=0.472) or CT (P=0.511). However, a 
significant difference was found among the three 
groups in CCR (P=0.001). Pairwise comparisons 
showed that ProFit S3 exhibited better centering 
than NeoEndo S (P<0.01) and HyFlex CM 
(P<0.05). 
At 6 mm from the apex: 

Mesiobuccal canal: A significant difference 
existed in RDT among the three groups 
(P=0.006). Pairwise comparisons showed that 
ProFit S3 preserved more dentin than NeoEndo S 
(P<0.01) and HyFlex CM (P<0.05). A significant 
difference existed in CT among the three groups 
(P=0.006). ProFit S3 exhibited the least 
transportation compared to NeoEndo S (P<0.01) 
and HyFlex CM (P<0.05). A significant difference 
existed in CCR among the three groups (P=0.000). 
ProFit S3 had a higher centering ratio than both 
systems (P<0.01). 

Mesiolingual canal: A significant difference 
existed in RDT among the three groups 
(P=0.007). ProFit S3 outperformed NeoEndo S 
(P<0.01) and HyFlex CM (P<0.05). A significant 
difference existed in CT among the three groups 
(P=0.005). ProFit S3 demonstrated less CT than 
NeoEndo S (P<0.01). A significant difference 
existed in CCR among the three groups (P=0.000). 
ProFit S3 had superior CCR compared to the 
others (P<0.01). 
At 9 mm from the apex: 

Mesiobuccal canal: A significant difference 
existed in RDT among the three groups 
(P=0.000), such that ProFit S3>HyFlex 
CM>NeoEndo S (all P<0.01). A significant
difference existed in CT among the three groups
(P=0.000). ProFit S3 showed the least CT
compared to other groups (P<0.01). A significant
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difference existed in CCR among the three groups 
(P=0.01). ProFit S3 demonstrated better CCR 
than the others (P<0.05). 

Mesiolingual canal: A significant difference 
existed in RDT among the three groups 
(P=0.000). ProFit S3 preserved more dentin 
compared to HyFlex CM and NeoEndo S (P<0.01). 
A significant difference existed in CT among the 
three groups (P=0.000). ProFit S3 exhibited the 
least CT (P < 0.01) compared with the other two 

groups. A significant difference existed in CCR 
among the three groups (P=0.01). ProFit S3 
achieved higher CCR than the other two groups 
(P<0.05). 

ProFit S3 consistently demonstrated superior 
performance for all parameters at 6 mm and 9 
mm, followed by HyFlex CM; while NeoEndo S 
performed least favorably. At 3 mm, differences 
for RDT and CT were not significant, although 
CCR was significantly better for ProFit S3. 

Table 1. Mean and standard deviation values of RDT (mm), CT (mm), and CCR at different cross-sectional levels (3 mm, 6 mm, 
9 mm) for the three different rotary systems in the mesiobuccal (MB) canals of mandibular molars 
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ProFit S3 
Mean 0.3500 0.5100 0.7300 0.2100 0.2900 0.3790 0.8300 0.8200 0.8200 

SD 0.0823 0.0918 0.0994 0.0823 0.0918 0.0994 0.2838 0.2415 0.3359 

Hyflex CM 
Mean 0.3100 0.4100 0.6250 0.2780 0.4450 0.46100 0.6400 0.6260 0.6390 

SD 0.2183 0.1686 0.0516 0.2183 0.1686 0.0516 0.1110 0.1841 0.0821 

Neo Endo S 
Mean 0.2900 0.3200 0.5180 0.2900 0.5600 0.5610 0.5625 0.47300 0.3920 

SD 0.44083 0.2002 0.2485 0.4408 0.2002 0.2485 0.2738 0.3093 0.2916 
One-Way ANOVA p values 0.081 0.006 0.00 0.079 0.006 0.000 0.001 0.000 0.01 

SD: Standard deviation  

Table 2. Mean and standard deviation values of RDT (mm), CT (mm), and CCR at 3, 6, and 9 mm from the apex for three different 
rotary systems in the mesiolingual (ML) canals of mandibular molars 
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ProFit S3 
Mean 0.3300 0.5800 0.7100 0.2300 0.3200 0.3900 0.8000 0.8500 0.8200 

SD 0.0823 0.0918 0.0994 0.0823 0.0918 0.0994 0.2838 0.2415 0.3359 

Hyflex CM 
Mean 0.3100 0.4700 0.6100 0.3100 0.4800 0.5100 0.6300 0.6080 0.6490 

SD 0.2183 0.1686 0.0516 0.2183 0.1686 0.0516 0.1110 0.1841 0.0821 

Neo Endo S 
Mean 0.3200 0.3200 0.5200 0.3900 0.5700 0.5810 0.4325 0.4300 0.3820 

SD 0.44083 0.2002 0.2485 0.4408 0.2002 0.2485 0.2738 0.3093 0.2916 
One-Way ANOVA p values 0.472 0.007 0.00 0.511 0.0056 0.001 0.001 0.000 0.01 

SD: Standard deviation  
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Discussion 
The main goal of endodontic treatment is 

effective canal cleaning and shaping while 
maintaining the original canal anatomy, as this 
promotes optimal healing and minimizes 
complications during root canal therapy [23]. 
Preserving the original dimensions and shape of 
the canal is paramount, as CT can be detrimental, 
making it extremely challenging to restore canal 
integrity and negatively impacts the overall 
success of treatment [24]. This risk is especially 
prominent in canals that have a natural curvature 
or calcification, as they are more susceptible to 
shaping errors [25]. Evaluating the CCR and CT of 
various rotary file systems is critical, as it helps 
dental clinicians to choose instruments that 
optimize both cleaning efficiency and anatomical 
preservation. In this study, CCR and CT were 
analyzed specifically in the mesial canals of 
extracted mandibular first molars, where these 
risks are greater due to the narrower and more 
curved anatomy compared to the wider distal 
canal [26]. The use of CBCT imaging was 
instrumental in this study, as CBCT’s high 
resolution and 3D imaging capacity provide a 
precise, non-superimposed view of the canal 
morphology before and after instrumentation. 
CBCT was used to analyze the pre-
instrumentation and post-instrumentation 
differences as it provides high-resolution images 
with 33D viewing facility, which enables the 
researchers to analyze the differences effectively. 
Another major advantage of CBCT is the ability to 
store the images, which are measurable and 
reproducible. CBCT offers superior resolution 
with minimal distortion, allowing for more 
accurate visualization of root canal anatomy 
compared to other imaging modalities. It enables 
precise measurement of canal dimensions and 
reduces the superimposition of the surrounding 
anatomical structures. This enhanced clarity 
facilitates a more detailed assessment of 
periapical tissue morphology and bone structure, 

providing a significant advantage over 
conventional radiographic techniques. Among 
the instruments evaluated, ProFit S3 performed 
best in maintaining canal centering, showing 
results closest to the ideal (a value of zero, 
indicating minimal deviation from the original 
canal center). This was in contrast to the Hyflex 
CM and NeoEndo S, which demonstrated higher 
CCR, suggesting that they are more prone to 
deviating from the canal’s original shape. ProFit 
S3’s superior performance in CCR can be 
attributed to its innovative design and material 
composition. The file system is manufactured 
with blue heat-treated NiTi, enhancing its 
flexibility and allowing it to better adapt to the 
natural curvatures of the canal. This flexibility 
prevents excessive force against canal walls, 
maintaining a more centered pathway. The ProFit 
S3’s controlled taper and unique cross-sectional 
design also contribute to this outcome by 
distributing dentin removal along the canal 
length more evenly, reducing the risk of 
unintentional overcutting in certain regions. In 
terms of CT, or the unintended displacement of 
the apical foramen, ProFit S3 also exhibited clear 
advantages. CT can lead to iatrogenic errors, 
including inadequate debris removal, which 
compromises the seal and increases the risk of 
reinfection, often requiring retreatment [27]. In 
this study, canal transportation was evaluated at 
three points: 3, 6, and 9 mm from the apex, 
capturing any shift in the canal pathway that 
could jeopardize the procedure’s outcome [28]. 
ProFit S3 showed minimal canal deviation, 
closely preserving the original apical position 
compared to Hyflex CM and NeoEndo S, which 
demonstrated greater CT. This can be explained 
by ProFit S3’s combination of design and alloy 
properties. The blue heat-treated NiTi provides 
exceptional flexibility, which allows the 
instrument to navigate curved canals with less 
risk of displacing the apical foramen. 
Furthermore, ProFit S3’s controlled engagement 
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with the canal walls is facilitated by its design, 
reducing the lateral forces that often lead to CT. 

The RDT is another crucial factor in 
endodontic success, as it directly impacts the 
structural integrity and resistance of the tooth 
during obturation. Excessive dentin removal can 
undermine the tooth’s stability, increase
fracture risk, and lead to procedural errors such 
as perforations [29]. In summary, the ProFit S3 
rotary file system demonstrated superior CCR, 
minimized CT, and better preserved dentin 
thickness compared to Hyflex CM and NeoEndo S. 
The combination of heat-treated NiTi flexibility, 
controlled taper, precise cross-sectional design, 
and efficient cutting action enabled ProFit S3 to 
provide more predictable and safe canal 
preparations, reducing the risks of procedural 
errors and enhancing the likelihood of successful 
outcomes. These attributes underscore ProFit S3 
as an effective choice in complex cases, 
particularly where maintaining original canal 
morphology and minimizing structural 
compromise are the main priorities. 

Conclusion 
Under the limitations of this study, it can be 

concluded that ProFit S3 showed the highest 
value of RDT and CCR, and minimal CT, followed 
by Hyflex CM and NeoEndo S. 
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