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Abstract

Introduction: A properly formed and cleansed root canal is crucial to effective treatment. There have been
several breakthroughs in this particular subspecialty of endodontics in recent years.

Aim of the study: This research examines three rotational root canal instruments, the TF Adaptive,
Reciproc, and ProTaper Next file systems, comparing them regarding cleaning efficiency.

Subjects and Methods: Twenty-four freshly removed mandibular premolars were divided into three
groups, each with eight samples. Three file systems were utilized, TF Adaptive, Reciproc, and ProTaper
NEXT. When the three files were prepared, they were scored based on how well they removed debris, and
SEM images were captured to determine how well they had been cleaned.

Results: The coronal areas of canals treated with ProTaper NEXT showed much less debris and a smear
layer. All employed file systems did not effectively remove debris in the middle and apical thirds.

Conclusions: ProTaper Next files were the most effective in canal cleanliness in the coronal, middle, and
apical thirds, followed by Reciproc and then TF Adaptive.

Keywords: Kinematics; Cleaning efficiency; TF Adaptive file system; Reciproc file system; ProTaper Next
file system.

1. Introduction

Treatment for a root canal is performed
to ensure the canals are properly shaped and
cleaned. Only thorough root canal preparation
and cleaning can guarantee success in root canal
treatment. Even though endodontics has made
great strides in the scope of science and
technology, the fundamental principles of root-
canal preparation—namely, the removal of all
organic debris and germs from the root-canal

system and the sculpting of the root-canal walls
to aid in cleaning and obturation remain the
same [1]. Introducing nickel-titanium (NiTi)
rotary devices into dental treatment has radically
altered the procedure for root canal preparation.
They were produced to reinforce the
effectiveness of root canal equipment.
Compared to stainless steel, NiTi alloys have a
lower elongation modulus [2]. They have better
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strength and are more robust and durable. They
possess the exceptional characteristics of shape
memory and superelasticity. Preparing a root
canal manually is time-consuming and more
prone to iatrogenic errors than rotary systems
[3-6]. After instrumentation, certain sections of
the root canal wall remain extinct [7-10]. These
regions may harbor germs that hinder the
effectiveness of endodontic therapy [11]. In
addition, root canal instrumentation produces a
smear layer (12) and a 1-2 m thick amorphous
surface layer [12]. However, this layer does not
exist on the walls of uninstrumented canals.
When the material from the cutting process is
forced into the dentin tubules, smear plugs
develop [12]. This layer, which frequently
includes bacteria and obstructs dentinal tubules,
considerably affects irrigant activity, obturation
quality, and, ultimately, endodontic treatment
efficiency [13, 14]. The capacity of root canal
instruments to properly clean canals is
dependent on their design and the dynamics of
the equipment utilized. The Twisted File is a
ground-breaking rotary nickel-titanium (RNT)

2. Subjects and methods
2.1. Subjects

Twenty-four recently extracted, mostly
straight human mandibular premolars were
chosen. There were three sets of eight samples
each, which were randomized. All patients were
informed of the study's purpose and methods
and gave their written consent for using their
extracted teeth, per the requirements of the
Research Ethics Committee of the Faculty of
Dentistry at Ain Shams University. The
collected specimens were stored in sterile saline
until the time of the experiment. An ultrasonic
scaler removed tartar, calculus, and infected
bone and soft tissue from every tooth. To
remove biofilms from the tooth roots, we soaked
them in a solution of 5.25% sodium hypochlorite
(NaOCl) (Clorox Co., 10th Ramadan, Egypt) for

system with three novel design techniques: R-
phase heat treatment, metal twisting during
manufacturing, and specific surface
conditioning.  Furthermore, it has been
demonstrated that a unique kinematic
(reciprocating motion) boosts the durability and
fatigue resistance of a NiTi instrument when
compared to continuous rotational movement
[4]. Reciprocation-driven instruments cover a
smaller angular distance than rotary instruments,
resulting in reduced stress and a longer fatigue
life [15, 16]. The most common commercially
available method for root canal preparation with
reciprocating motion is Reciproc (VDW,
Munich, Germany) [17]. The ProTaper System
is a popular choice since it is both safe and
effective [6, 18, 19].

The current study aimed to  compare
the performance of the TF Adaptive, Reciproc,
and ProTaper Next file systems in eliminating
debris from lower premolar canal walls during
kinematic preparation by using the scanning
electron microscopy (SEM).

five minutes. The pulp chambers of the teeth
were de-roofed entirely using a carbide round
bur (Komet; Brasseler, Lemgo, Germany) to get
access. The WL was determined to be 1 mm
shorter than the apical foramen (size 10) at the
primary apical foramen. Teeth with apical minor
constriction measurements greater than #20 K-
file were omitted from the analysis. The bulk of
the measured working lengths for teeth ranged
from 22 to 23 mm; hence, this range was used to
select the samples for analysis.

Inclusion criteria

Human mandibular premolars sound
like they have a single straight root and a single
root canal, and the radiographs showed a patent
root canal.
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Exclusion criteria

Teeth with exterior and internal
resorption, cracks or fracture lines, and obvious
root caries were excluded (SEILER MEDICAL
VISION, USA). The removal of teeth with
numerous root canals, apical foramina, immature
root apices, or root canal curvatures greater than
10° (20)

2.2. Study design
File systems

The cleaning efficiency of three
kinematic file systems was evaluated: the TF
Adaptive system (SybronEndo, Orange, CA,
USA), the Reciproc file (VDW, Munich,
Germany), and the ProTaper NEXT (Dentsply
Tulsa Dental, Tulsa, OK).

Study groups

A total of 24 samples were collected,
and they were divided equally among three
groups of eight.

e Group |: TF Adaptive instruments were
utilized in the sequences ML1 (25/.08), ML2
(35/.06), and ML3 (50/.04). The files were
used in concurrence with an Elements motor
(SybronEndo, Glendora, CA) at full WL with
a reasonable in-and-out motion.

e Group IlI: For root canal preparation using the

RC system, the R50 (50/0.05) instrument was

used in all root canal thirds, with little
pecking motions of 3 mm amplitude until the
necessary length was reached. The tool was
removed and cleaned with sterile gauze
between each root third to prevent
contamination. Using the manufacturer-
recommended RECIPROC ALL setting on an
electric  motor  (X-Smart, Dentsply,
Maillefer), the instrument was fastened to a
6:1 contra-angle.

e Group Ill: The following sequence of PTN
files was employed with an endodontic motor
set to 300 rpm and 2 Ncm torque: PTN X1
(17/.04), PTN X2 (25/.06), PTN X3 (30/.07),
PTN X4 (40/.06), and PTN X5 (50/.06). It
was a Dentsply-Maillefer X Smart motor in
ProTaper Next mode. The PTN data was
brushed on circularly from the center
outward. The process was performed many
times until the X5 file finally made it to the
WL.

Sample preparation

The teeth were divided in half
longitudinally using a precision linear saw
(Isomet 4000, BUEHLER, Malaysia) (Figure 1).
Using High resolution Scanning Electron
Microscopy (SEM), the surface and structural
morphology of the manufactured samples were
studied, with analytical studies done on an FEI
Quanta FEG 250 system (Massachusetts, USA).
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Figure 1: Sectioning of teeth into halves using Isomet 4000, BUEHLER, Malaysia precision linear saw

Scanning electron microscope inspection

Coronal, middle, and apical root canal
thirds were imaged at x500 and x2500 for debris
removal assessment. The debris included dentine
shards, pulp remnants, and objects that were
weakly adhering to the root canal wall. Using
the following scoring criteria, created by
Hilsmann et al. (1997) [21]:

e Score 1: Tubules open; no smear.

e Score 2: minimal smear; most tubules are
open.

e Score 3: The root surface features closed
tubules and a consistent smear layer.

e Score 4: Smeared, closed tubules cover the
whole root surface.

3. Results

Table 1 displays the results of using the
TF Adaptive System, the Reciproc, and the
Protaper NEXT to clean up debris. Utilizing the
TF adaptive system for debris removal, no
statistically significant changes were seen
between the coronal, middle, and apical thirds (P
= 0.180). Also, there was no statistically
significant change across the root canal's
coronal, middle, and apical thirds when
employing Reciproc. Removing debris from the
root canal with the ProTaper NEXT instrument
varied considerably (P = 0.018) in the coronal,
middle, and apical thirds. Furthermore,
compared to the TF Adaptive and Reciproc file

e Score 5: A thick smear layer covers all root
surfaces.

Statistics were used to compare debris
and smear layer scores at the three canal
locations within and between groups.

2.3. Statistical Analysis

The Kruskal-Walli’s test, Dunn's post
hoc test for comparisons between groups,
Friedman's test, and Nemenyi post hoc test for
comparisons within groups were used to
evaluate non-parametric cleaning efficiency
score data. The statistical study was performed
using R statistical analysis program for
Windows, version 413 [22].

systems, the ProTaper NEXT instrument was
much more effective in clearing away trash and
smearing smear layers. Using the ProTaper
NEXT rotating file system, the canal's coronal
one-third was rigorously cleaned (P = 0.005).
Concerning cleaning debris, there were no
statistically significant differences between the
three groups in the middle (P = 0.053) and
apical (P = 0.074) thirds. It could not tell how
much of the canal was instrumented due to the
possibility of debris in canal sections that
weren't entirely instrumented across all three
approaches. Figures 2, 3, and 4 are example
images obtained using SEM.

Table 1: Efficiency of debris removal at various stages of the root canal following the application of the
TF Adaptive system, the Reciproc file, and the ProTaper NEXT.
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Cleaning efficiency score (Mean £ S. D.)

Root section - - P-value
TF Adaptive Reciproc ProTaper NEXT
Coronal 3.75+0.714 3.00+0.53A 2.50+0.358° 0.005"
Middle 3.75+0.894¢ 3.25+0.717¢ 2.75+0.46"%® 0.053
Apical 4.38+0.52" 3.88+0.99%¢ 3.50+0.35" 0.074
P-value 0.180 0.161 0.018*

Means with different upper and lowercase superscript letters within the same horizontal row and vertical column are significantly different. *;

significant (P < 0.05).
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Figure 2: SEM photo illustrating the ProTaper NEXT preparation segment. A. middle third, score 2,
B. coronal third, score 3; and C. apical third, score 4 (x2500).

Figure 3: SEM photo illustrating the Reciproc preparation segment. A. apical third, score 3 (x500);
B. coronal third, score 4 (x2500); and C. apical third, score 5 (x2500).
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Figure 4: SEM photo illustrating the TF Adaptive preparation segment. A. coronal third, score 3
(x2500); B. coronal third, score 4 (x500); and C. apical third, score 5 (x500).

4. Discussion

Root canal instrumentation creates the
smear layer, a 1-2 m thick amorphous layer [23].
On the other hand, in uninstrumented canals, this
layer is absent. Cutting debris forced into dentin
tubules at various depths results in smear plugs
[24]. This layer has a detrimental effect on the
effectiveness of obturation and, eventually,
endodontic treatment because of the presence of
bacteria and the blockage of dentinal tubules.
The smear layer must be eliminated to
thoroughly sanitize and clean the root canals in
all three dimensions [13, 25]. The same length
was used to analyze all root segments (22-23
mm).

As a consequence, the outcomes of the
different file systems were similar. Only
bidistilled water was used to avoid causing any
changes to the smear layer of the irrigation
material. As the selected file systems all had the
same apical size preparation (#50), they were
mechanically prepared. Thus, the current study
compared the efficiency of three rotary file
systems (TF Adaptive, Reciproc, and ProTaper
NEXT) in cleaning the root canal of mandibular
premolars. The cleaning capacity was assessed
using a numeric grading system for debris using
SEM to examine the canal's coronal, middle, and
apical thirds. Needle irrigation with NaOClI,

according to previous studies, did not dissolve
the smear layer [26, 27]. Dentine chips and
residual live or necrotic pulp tissue, which is
weakly attached to the root canal walls and is
frequently regarded as unhealthy, were added as
additional assessment criteria in this study to
assess the cleaning performance of various
devices [27]. The scanning electron microscope,
which offers high resolution, magnification, and
measurements at coronal, intermediate, and
apical levels, has been used to assess the
cleanliness of canal walls after instrumentation.
As it provided a broader view and allowed
identifying significant bits of leftover debris at
low magnification, a magnification of x500 was
used in this investigation to score debris. In
addition, a magnification of around x2500 was
used because higher magnification covers the
too-small surface area and provides more
accurate data for the determination of the
patency of the dentinal tubule apertures [28].
The apical third of the root canal is more
difficult to clean than the rest of the canal due to
anatomical differences (constrictions,
ramifications, additional canals) [29], the small
diameter of the apical preparation that
complicates canal debridement, and the
difficulties in achieving proper irrigation in the

6
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apical portion of the root canal. This conclusion
was consistent with another research showing
that the root canal became cleaner from the
apical to the coronal portion [30-34]. ProTaper
Next's superior outcomes could be attributed to
its distinctive swaggering action, in which the
file always makes two encounters with the canal
walls. The constant motion of rotary files
encourages material removal upward along the
flutes.

With a reciprocating file, on the other
hand, the debris is crushed along the dentinal
walls and forced into the lateral canals due to the
file's  backward movement [28]. Both
symmetrical and asymmetrical rotational
motions have been used in developing rotary
instruments [35]. As their name implies,
asymmetrical rotary  instruments  have
asymmetrical centers concerning the
instrument's primary axis of rotation. To lessen
the amount of time the file is in touch with the
dentin, the working part of the instrument rotates
while a mechanical wave of motion travels down
its length [36]. In this situation, rotating systems
rather than reciprocating instruments could
provide cleaner canals with less debris collection
[28]. Both Reciproc and adaptive TF go through
reciprocation. However, Reciproc may have a
lower propensity to retain debris because a
larger chip area allows for more coronal debris
transit. Also, using a single-file approach, canal
preparation was often finished after around three
repetitions.

More debris will be created as file
insertion rates rise for the two reciprocating files
(Reciproc and TF Adaptive), becoming packed
more firmly along dentin walls and more

Ethical Approval Statement: The current study
was approved by the Scientific Research Ethics
Committee No. 73 of 2017.
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the cleaner canal walls.
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Conclusion

In this study, the cleaning effectiveness of
the ProTaper NEXT instrument was much
higher than that of either the TF adaptive or
Reciproc instruments. All rotary file methods
left more debris and smears in the root canal's
apical three-quarters. Comparing the three file
instruments of debris and smears, we find
significant differences in the central and
terminal thirds but no differences in the
remaining residue. Better root canal treatment
results from thorough cleaning and shaping
performed by an endodontist, efficiently
removing debris and stains from the canals.
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