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Single-file rotary system: current
concepts and their implementations

Theerapon Nuntakarat, Chanakarn Sinsareekul
Department of Operative Dentistry, Faculty of Dentistry, Chulalongkorn University

Abstract

The single-file rotary instrumentation technique was introduced as an alternative method for root canal instrumentation,
offering advantages such as simplicity, reduced treatment time, operator fatigue reduction, cost-effectiveness, and minimal
instrument use. With advancements in product selection and properties, the objectives of mechanical instrumentation can be
effectively achieved using this technique. Several commercial types of these instruments, produced by different manufacturers,
have currently become available by modifying the characteristics of the NiTi alloy and also the cross-sectional shapes,
cutting edges, tapering and flute configurations. The aim of this article is to review current concepts surrounding single-file NiTi
rotary systems, focusing on their shaping ability, cleaning efficacy, debris extrusion, cyclic fatigue resistance, and their effectiveness
in endodontic retreatment compared to multiple-file systems. While conclusive evidence in some areas remains limited,

studies indicated that single-file systems demonstrate comparable cleaning effectiveness to multiple files instrumentation.
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Introduction

The principal objectives of endodontic
instrumentation are root canal disinfection,
shaping for placement of medications and facilitate
root canal obturation. Mechanical instrumentation
can be achieved by either using hand instruments,
or engine-driven rotary instruments. With the
advancement in modern technologies, nickel-
titanium (NiTi) rotary instruments were developed to
improve the quality of mechanical instrumentation,
along with reducing clinical chair-time and fatigue
generated to the clinician during the procedure.
Standard of treatment currently relies on using NiTi
rotary instruments for root canal cleaning and
shaping. Their improvement contributes to higher
favorable outcome in terms of healing, and lower
the occurrence of procedural errors compared to
instrumentation with stainless steel (SS) hand
instruments (1, 2). Since the introduction of
NiTi rotary into endodontic therapy during the
mid-1990s, several improvements have been made
among different generations regarding their flute
and cutting angles design, metallurgy, mechanical
properties, manufacturing treatment, mode of
motion, and clinical performance. In addition, the
development also involved with issues about
number of instruments required for each preparation.
As it is more simple, beneficial, and cost-effective to
reduce the number or sequence of instruments
while concurrently fulfilling the objectives of
mechanical instrumentation. Therefore, this article
reviews the current concept of single-file NiTi rotary
systems, with available evidence that compared to
multiple-file system in terms of shaping and cleaning
ability, debris extrusion, cyclic fatigue resistance,

and their effectiveness in retreatment.

Principles and origin of concepts

The introduction of a single-file rotary
instrumentation technique was reported as
a preliminary observation in 2008 by Dr. Ghassan
Yared, with the use of only one F2 ProTaper NiTi
rotary instrument (Tulsa Dentsply, Tulsa, OK, USA)
in a reciprocating motion to complete canal
preparation successive to canal negotiation with size
08 hand instrument. This was done in several cases
recardless of canal width and apical sizes. Initially,
the aim was to offer an alternative method to
a standard instrumentation technique with multiple
rotary files, thereby addressing the cost-effectiveness
of reducing the number of instruments (3). Moreover,
clinicians would require a shorter learning curve to
familiarize with the instrument, leading to reduced
working time to achieve the desired canal preparation
shape (4). This was considered a breakthrough in
instrumentation owing to the fact that F2 ProTaper
instrument was originally designed for continuous
rotation, not reciprocation. Even though the
reciprocating motion has been clinically performed
with SS instruments since the 1950s, the angles of
rotation used were different. The reciprocating angle
was formerly equal at 90° clockwise (CW) and
counterclockwise (CCW) rotation, meanwhile
Dr. Yared set the rotations to an unequal angle of
four-tenth and two-tenth of a circle in CW and CCW
motion, respectively. This angle of rotation was
determine based on an unpublished thesis results
by Thompson in 2006, which studied the rotational
angle that could likely cause F2 ProTaper instrument
to fracture if binds to dentin (5). Despite the
successful outcome of the cases, parameters such
as shaping and cleaning ability, debris extrusion,

cyclic fatigue resistance, effectiveness in retreatment,
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and necessity to pre-flared the canal were still
needed to be evaluated. Additionally, laboratory
and clinical studies were lacking to provide further
recommendations for using single-file system in
clinical setting.

However, similar to multiple-file systems,
a single-file instrument is recommended to be
single use to prevent transmission of infectious
disease, and decrease the chance of possible
cross-contamination between patients. As previous
studies found that even with thorough cleaning
with ultrasonic and sterilization process, organic
debris and parts of the instrumented dentinal
structure can still be observed along the surface of

NiTi rotary instruments (6, 7).

Development of single-file rotary systems:

From past to present

Several manufacturers have launched
different products into the market through the
years. Currently, the systems are available in both
continuous rotation and reciprocation motion.
Examples of the reciprocating single-file systems
are WaveOne (Dentsply Maillefer, Ballaigues,
Switzerland), and Reciproc (VDW, Munich, Germany),
which are the pioneers of the manufactured
single-file system launched into the market since
2011 (8). Both products are initially developed
based on the concept of Dr. Yared, categorized as
the fourth generation of NiTi instruments as classified
by Haapasalo and Chen (9), and were made with
heat-treated M-wire alloy (SportsWire, Langley, OK) (10).

WaveOne rotated at unequal reciprocating
angles of 150° CCW and 30° CW, completed a full
360° rotation after three rotating cycles. The product

was available in three different sizes depending on
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the initial anatomy of the root canal used, and each
was recommended to discard after single usage.
Their “Small” instrument (ISO #21 tip, label in
yellow) was fixed taper at 6% along its cutting part.
While the taper of “Primary” (ISO #25 tip, label in
red) and “Large” (#40, label in black) were fixed
at 8% up to 3 mm from the cutting tip, with
a progressively decreasing taper at the rest of the
cutting part towards the shaft (9, 11). The instrument
was uniquely designed as a non-cutting guiding tips
with reverse cutting blades, rotated in a reciprocation
motion, with two different triangular cross-sectional
designs between the apical and coronal active parts
(11, 12). Due to technology advancement, this single
rotary file system had improved in its properties and
developed as WaveOne Gold (Dentsply Maillefer,
Ballaigues, Switzerland). The major difference
between its predecessor is the size of the files,
which are now available in 4 sizes, “Small” (20/07,
label in yellow), “Primary” (25/07, label in red),
“Medium” (35/06, label in green), and “Large”
(45/05, label in white). Besides, tapering at 3 mm
from the cutting tip is fixed, while the rest of the
active part has progressive decrease in taper design
(13). Moreover, WaveOne Gold was manufactured
by a special thermo-mechanical process of repetitive
heating and cooling NiTi instruments in several
cycles, alongside with lower amount of nickel
content compared to conventional NiTi instruments.
These file elicit better shape memory effect,
which is they do not rebound to their original
shape after unloading (14). Thereby producing
lower stress values, providing more flexibility profile
to the instruments, and withstand to cyclic fatigue
when compared to the original WaveOne files
(15-17).

Single-file rotary system: current concepts and their implementations
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Reciproc instruments were manufactured with
an S-shaped cross-sectional design, with shorter
shaft of 11 mm when compared to other available
brands. They were available in three different sizes
with regressive taper, R25 (ISO #25 tip, 0.08 taper),
R40 (ISO #40 tip, 0.06 taper), and R50 (ISO #50 tip,
0.05 taper) (9). Meanwhile their successor, the
Reciproc Blue (VDW, Munich, Germany), were
developed with additional heat treatment of the
surface similar to WaveOne Gold. It is also shown to
be that the instruments are more flexible, exhibit
lower bending resistance, reducing the risk of
instrument fracture when compared to their original
Reciproc instrument (18). Another file system that
was manufactured with similar thermo-mechanical
machining process is the V-Taper 2H (SS White,
Lakewood, NJ, USA). Which is another controlled
memory (CM) wire-based file system that is also
claimed to be a single-file with variable pitch and
variable taper design (19, 20).

Apart from the aforementioned file systems,
another example of the file system that is categorized
as the fourth generation NiTi instruments is the
Self-Adjusting File (ReDent-Nova, Ra’anana, Israel). It
is a single-file system with totally different concept
of instrument design and mode of instrumentation.
It has a hollow design with network of thin NiTi
lattice and mild abrasive surface to remove dentinal
structures. Upon insertion, they can be compress into
the root canal, and can adapts to the canal configurations
in three dimensions during instrumentation (9).
In adjunct to the in and out vibrating motion,
the file can provide simultaneous irrigation during
instrumentation. As a special irrigation device can be
connected to the tube which acts as an irrigation

hub on the file (21). However, this system requires

canal negotiation or pre-flared with at least size 20
K-file prior usage of the instrument (22).

XP-endo Shaper (FKG Dentaire, La Chaux-de-Fonds,
Switzerland) is a file system that was launched in
2015 and claimed by the manufacturer to be super
elastic. It is manufactured from MaxWire alloy that
consists of two phases: Martensitic (M) phase with
relatively straight and initial tapering of 0.01 at room
temperature, and Austenitic (A) phase with curved
shape and tapering of 0.04 when exposed to
body temperature. The curved shape of the
instrument mimics the shape of a snake, and
its final instrumentation size equals to 30/04
when use as a single-file (23-25).

In 2016, HyFlex EDM (Coltene/Whaledent,
Altstatten, Switzerland) was launched and
introduced as the first instrument manufactured by
electrodischarge machining (EDM) process (26).
Which is a procedure that uses electric current
to generate high frequency sparks that melts
the wire by erosion process without contacting
the instruments (26). Their main shaping instrument
is the variable tapering size 25 file, with additional
finishing files available in size 40/.04, 50/.03, and
60/.02. The instrument is presented with different
cross-sectional design along its length. With quadrangular
shape at the tip, transforming into rectangular in the
middle, before becoming triangular toward the shaft (14).

One of the first available continuous rotation
single-file system is the One Shape (Micro Mega,
Besancon, France). It was designed to use in
a full clockwise rotation, with only one available
instrument of an ISO size 25, and 0.06 constant
tapering. Its cross-sectional shape is different
throughout various levels of the instrument, with

three symmetrical non-cutting edges at the tip.
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Then towards the middle part, its cross-sectional
design slightly changes into asymmetrical three
cutting edges, to two cutting edges, and becoming
two cutting edges with S-shaped cross-section near
the shank (27, 28). The asymmetrical design aim to
reduce binding of instrument due to the nature of
continuous movement (29). Other examples from
the same manufacturer is the One Curve system
(Micro Mega, Besancon, France), which was launched
in 2017. One Curve also rotate in continuous movement
and is manufactured from heat-treated NiTi, known
as the C wire (30). It is available with four tip sizes:
25/04, 25/06, 35/04, and 45/04. Their main features
are the shape memory effect, and pre-bending
ability which can provide easier access into the root
canals (31).

Another continuous rotation single-rotary file
system launched in 2019 is TruNatomy (Dentsply
Sirona, Ballaigues, Switzerland), which is
manufactured from a relatively smaller wire blank
of 0.8 mm diameter, when compared to other rotary
systems at 1.1 mm diameter. This instrument system
is claimed to provide better access and easier
placement into the root canal, as its handle length
has been reduced to 9.5 mm. TruNatomy preparation
instruments are also available in three tip sizes,
the Prime instrument (ISO #26 tip, label in red,
with an overall decreasing taper at average of 0.04),
the Medium instrument (ISO #36 tip, label in green,
with an overall decreasing taper at average of 0.03),
and the Small instrument (ISO #20 tip, label in
yellow, with taper of 0.04) which is recommend for
extremely curved canals or canals that were difficult
to achieve glide path (32).

In recent years, other several single-file

systems were introduced into the market.
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Each were presented with different distinctive features,
designs, and performance. One is the E-Flex Edge
file system (Eighteeth, Changzhou, China), which is
available in three tip sizes: 20, 25, and 35, each with
either 04 or 06 tapering. Files of this system are also
available with different heat treatments, Silver,
Gold, and Blue. Their main feature is the flat-sided
design, which is claimed by the manufacturer that
they can be easily bypass or retrieve when fracture
inside the canal owing to more provided space
between the instrument and the canal. Other systems
from the same manufacturer are the E-flex One,
which is also manufactured with blue heat treatment,
and the E-Flex Rec, which rotates in reciprocation
motion. Both systems are available with the same
tip size and taper similar to the E-Flex Edge system.

Another available system is the M3 files (UDG,
Changzhou, China), that are available with different
series of products in which designs and metallurgy
resembles some of the aforementioned systems, for
example, M3 W-One Gold, M3-RG, M3-RB, M3-EDM,
and M3-L Platinum. Another available reciprocating
motion single-file system is the EdgeOne Fire system
(EdgeEndo, Albugquerque, NM, USA), which resembles
WaveOne Gold in their cross-sectional design, and
handpiece settings. This system is manufactured
from a heat process called Firewire™, which is
claimed to provide restoring force and high flexibility
to the instruments (33).

With the advancement in technology,
metallurgy, and manufacturing process, development
of rotary files continues with the aim to enhance
their physical and mechanical properties. Some
changes can be made which require clinicians to
become familiarize with or keeping up to date to

provide the best clinical performance.
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Establishing glide path: Is it necessary for

the single file rotary system?

A preliminary report published by Dr. Yared
has provided key insights into his proposed
technique. Outcomes were compared between
the single-file F2 ProTaper preparation and
full-sequence ProTaper preparation using
microcomputed tomography to evaluate anatomical
parameters and the time required for complete
instrumentation. Results showed that apart from the
significantly reduced instrumentation time with
single F2 ProTaper instrument, other parameters
were not statistically different (34). These findings
align with another report that tested different
file systems (35). This raises the question of whether
a glide path is still necessary when using a single-
file system.

The endodontic glide path is defined as
a smooth pathway from the canal orifice to the
physiological terminus of the root canal that guide
shaping instruments to follow the path (36).
Establishing a glide path is essential before
introducing NiTi instruments. This step facilitates the
advancement of larger instruments, reducing the risk
of instrument fracture due to binding with dentin
and torsional fracture, which eventually improved
safety and predictability of root canalinstrumentation
with NiTi instruments (8, 37). The concept of the
single-file system suggested that it may require only
minimal or no prerequisite of a glide path (38),
which was also claimed by manufacturers. According
to a study by De-Deus and colleagues (39), working
length in straight canals and canals with moderate
curvature can be achieved with only Reciproc R25
instrument, even without a pre-established glide

path. Moreover, 67% of the canals that were

non-negotiable with a size #10 K-file were able to reach
the desired length with only single R25 instrument.
The favourable outcomes may be accredited by
the angles used in reciprocation, flexibility and
cutting ability of the instruments.

However, concerns may arise regarding
preparation in severely curved canals. While many
studies suggest that full working length can be
achieved without creating a glide path in most
non-complex root canals, the use of glide path
files (particularly in canals with severe curvature)
prior to single-file instrumentation results in
more centered preparation, reduced canal
transportation, and tends to improve the
shaping ability of the single-file system (40, 41).
Additionally, even in the novel publication by
Dr. Yared who proposed this instrumentation
concept, he also mentioned that one limitation of
the technique is their implementation in a sharp,
non-gradual canal curvature. A patent minimal
glide path should be established to ensure
complete advancement of the instrument beyond
the curve, and to achieve adequate preparation
in severely curved canals or canals with double

curvature (3).

Shaping ability, and occurrence of dentinal

defects

It is essential for NiTi instruments to be used
with optimum cutting efficiency, maintaining
the original root canal anatomy, and minimizing
the formation of dentinal defects during
instrumentation. Dentinal defects such as deviations,
ledges, zips, canal transportation, and perforations
may occur during canal enlargement, especially in

narrow and curved canals (42). These defects can
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lead to inadequate or ineffective cleaning and
shaping of the root canal (43).

Several parameters are used to analyze the
shaping ability and occurrence of dentinal defects,
including evaluation of unprepared areas of the root
canal, root canal volume, canal transportation,
centering ability, and the straightening effect of
the file. Assessment can be conducted using
radiographs (44), or microcomputed tomography
(micro-CT) (19, 45-53). The most widely used
evaluation method is micro-CT, as it preserves
sample integrity, facilitates both quantitative and
qualitative assessment, and enables image
reconstruction in either two or three dimensions (43).

Reciproc and WaveOne have been extensively
studied in many research investigations (19, 44-50).
Several studies have found no significant differences
between these systems and several tested multiple-
file systems, such as ProTaper Universal, ProTaper
Next, and MTwo, in terms of canal transportation,

centering ability, and changes in canal volume

Table 1

compared to multiple-file systems.

Authors Sample Single-file Movement
Instruments
Kim et al. MB and DB WaveOne Reciprocation
2013 (45) canals of Primary
maxillary
molars with
20-45 degrees
curvature
Hwang MB and DB Reciproc R25  Reciprocation
et al. canals of
2014 (46) maxillary
molars
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However, conflicting results have been reported in
some studies, suggesting that both Reciproc and
WaveOne may induce greater canal transportation
compared to systems like HyFlex CM or TF Adaptive
(48, 49). The discrepancies in these studies may
contribute from using larger taper instruments to
the working length without pre-enlarging the canals.
The flutes of larger instrument can bind with dentin,
creating greater engagement and torque applied,
which may contribute to greater canal transportation.
In addition, tapering of instruments may affect canal
transportation. As a less taper instruments may elicit
good flexibility, which may contribute to lesser canal
transportation and better centering ability (19).

Another aspect tested is the time required for
complete canal instrumentation, with all tested
single-file systems demonstrating significantly faster
preparation times compared to full sequence
instrumentation (35, 54, 55). These findings are
consistent with observations previously reported
by Dr. Yared (3).

Summary of shaping ability, and occurrence of dentinal defects of different single-file systems

Methods Evaluated Conclusions
parameters

micro-CT ~ Canal volume No differences compared to
change ProTaper Universal (P > 0.05).
Surface area
Centering ability
Canal
transportation

micro-CT ~ Canal volume No differences compared to
change MTwo (P > 0.05).
Canal Reciproc R25 showed
transportation significantly lower coronal and

apical transportation compared
to Mtwo (P < 0.05).

Single-file rotary system: current concepts and their implementations
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Table 1

compared to multiple-file systems. (continued)

Summary of shaping ability, and occurrence of dentinal defects of different single-file systems

McRay Mesial roots ~ WaveOne Reciprocation  micro-CT ~ Centering ability =~ No differences compared to
et al. 2014  of mandibular  Primary Canal ProTaper Universal (P > 0.05).
47 molars transportation

Marceliano-  Mesial roots Reciproc R25  Reciprocation  micro-CT ~ Changes in canal  Reciproc showed significantly
Alves et al.  of mandibular area and greater apical enlargement of
2015 (48) molars perimeter the root canal (P < 0.05).

Canal volume No differences between systems

change (P > 0.05).

WaveOne Reciprocation Canal Both Reciproc and WaveOne
Primary transportation showed significantly greater
canal transportation compared
to HyFlex CM (P < 0.05).
Gergi et al.  Mesial roots  Reciproc R25  Reciprocation ~ micro-CT ~ Canal volume Reciproc showed significantly
2015 (49) of mandibular change greater overall and apical dentin
molars removal (P < 0.05).
with severe Amount of No differences between systems
Curvature unprepared (P > 0.05).
surface
WaveOne Reciprocation Canal Both Reciproc and WaveOne
Primary transportation showed significantly higher canal
transportation compared to TF
Adaptive (P < 0.0001).

Centering ability ~ Both Reciproc and WaveOne
showed significantly lower
centering ability compared to TF
Adaptive (P < 0.0001).

Venino All teeth HyFlex EDM Continuous micro-CT ~ Canal No differences compared to
et al. 2017 transportation ProTaper Next (P > 0.05).
(51) Centering ability

Canal volume

change

Lacerda Distal XP-endo Continuous micro-CT ~ Amount of No differences compared to
etal. 2017  roots of Shaper size unprepared TRUShape (P > 0.05).
(52) mandibular 30 surface
molars Self-Adjusting  Vibration
File
58 Volume 3 (2] Jul - Dec 2024




Apical Debris Extrusion

During root canal instrumentation, dentin chips,
pulp tissues, or even microorganisms may be push
towards the apex, potentially leading to post-operative
pain and complications. It has been observed that
all instrumentation techniques resulted in varying

degrees of debris extrusion, even when instrumentation
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is short of the apical foramen (56). Methods for
measuring apical debris extrusion can vary among
studies, with a commonly used technique being the
method described by Myers and Montgomery in
1991. In this method, the extruded contents are
collected in a container, moisture is evaporated,

and only the extruded debris is weighed directly (57).

Summary of apical debris extrusion of different single-file systems compared to multiple-file systems.

Table 2
Authors Sample Single-file Movement
Instruments
Burklein &  Mandibular Reciproc RA0  Reciprocation
Schéfer, central WaveOne Reciprocation
2012 (56) incisors Large
Burklein Mandibular Reciproc R25  Reciprocation
et al. 2014  central
(58) incisors
OneShape Continuous
size 25
Ozsu et al.  Mandibular WaveOne Reciprocation
2014 (59) premolars Large
Self-Adjusting  Vibration
File
Silva et al.  Mandibular WaveOne Reciprocation
2016 (60) premolars Large
Reciproc R40  Reciprocation
da Silva Mandibular Reciproc Reciprocation
et al. 2021  premolars Blue R40
(61)

Single-file rotary system: current concepts and their implementations _

Methods Evaluated Conclusions
parameters
Myers and Apically Both Reciproc and WaveOne
Montgomery  extruded showed significantly greater amount
method debris of apically extruded debris
compared to Mtwo and ProTaper
(P < 0.05).
Myers and Apically Reciproc showed significantly
Montgomery  extruded greater amount of apically
method debris extruded debris compared to
MTwo (P < 0.05).
OneShape showed no difference
in the amount of apically extruded
debris compared to Mtwo
(P > 0.05).
Myers and Apically Self-Adjusting file showed least
Montgomery  extruded debris extrusion (P < 0.05),
method debris followed by ProTaper Next and
WaveOne with no significant
difference (P > 0.05), then
ProTaper Universal with the most
extruded debris (P < 0.05).
Myers and Apically No significant differences in the
Montgomery  extruded amount of apically extruded debris
method debris between WaveOne, Reciproc,
and ProTaper Next (P > 0.05), while
ProTaper Universal was associated
with significantly greater amount of
apically extruded debris (P < 0.05).
micro-CT Apically Reciproc Blue showed no
extruded significant differences in apically
debris extruded debris compared to

ProTaper Universal, and TRUShape
(P > 0.05).

Theerapon Nuntakarat, Chanakarn Sinsareekul
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Results regarding apical debris extrusion were
varying among studies. Some study reported that
debris extrusion is more significant when using
single-file systems compared to full instrumentation
sequences (56). This difference may arise because
of the removal of certain amount of dentin in
the coronal part with the initial files of multiple
sequence file systems. This initial dentin reduction
can reduce apical force pressure and subsequently
decrease the extrusion of debris beyond the
apices (62). However, the designs of Self-Adjusting
files may contribute to contradictory result.
In which the lattice network allows continuous
irrigation while simultaneously removing dentinal
debris out of the canal, which reduced the
amount of apically extruded debris (59). Moreover,
other studies have reported no significant differences
in the amount of debris extrusion between single
and multiple-file systems (61). Additionally, some
studies have reported varied outcomes, possibly
due to variations in the files tested across studies
(58, 60).

It has been suggested that movement
kinematics of the tested instruments may contributed
to difference in amount of debris extrusion.
Instruments with continuous rotation may deliver
cutting debris or dentin chips coronally as their
movement acts like a screw conveyor, which results

in lower amount of debris extrusion (56).

Cleaning ability

The primary cause of apical periodontitis
is the presence of bacteria or microorganisms in
the root canal system. Thus, the main goals of
endodontic treatment are to eliminate these
microorganisms and prevent their re-colonization.

There are concerns regarding the efficacy of
single-file instrumentation in adequately disinfecting
the root canal, as the cleanliness of the canal may
be compromised when fewer instruments are used.
To assess the cleaning ability of a file system,
bacterial elimination is a critical parameter.
Results are often assessed using quantitative real-
time PCR analysis of bacterial species, where DNA
extraction from samples taken before and after
instrumentation is compared (63, 64). Antibacterial
effectiveness can also be evaluated by counting
colony-forming units in bacterial cultures (65-68),
quantifying endotoxin concentration (66), or
examining the topography using scanning electron
microscopy (SEM) (19, 67).

According to table 3, no significant differences
in bacterial reduction between single-file and
multiple-instrumentation systems were reported
among studies (63, 65, 66). Moreover, most studies
have consistently found that while single-file
systems can reduce cultivated bacteria, they may
not achieve complete sterilization of the canal
(63, 64, 66-68). However, the aforementioned
studies were conducted in laboratory settings,
either in vitro or ex vivo, and the result may not
directly apply to clinical conditions. Clinical
studies should be further conducted to evaluate
bacterial reduction profile and microbiome
conditions following instrumentation with different

systems.
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Table 3
Authors Sample Single-file Movement
Instruments
Machado DB roots of WaveOne Reciprocation
etal. 2013  maxillary Primary
(65) molars Reciproc R25  Reciprocation
Martinho Single root WaveOne Reciprocation
et al. 2014  teeth with Primary
(66) single canal
Reciproc R40  Reciprocation
Neves Single root Reciproc R40  Reciprocation
et al. 2016  teeth with or R50
(63) single canal
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Summary of cleaning ability of different single-file systems compared to multiple-file systems.

Methods Evaluated Conclusions
parameters

Bacterial E.faecalis When compared to ProTaper

count bacterial load and MTwo, all tested groups

(CFU/mL) were effective in reducing
bacterial counts with no
significant difference between
systems (P > 0.05), but all still
have detectable bacteria after
instrumentation.

Chromogenic  Endotoxin When compared to ProTaper

limulus quantification and MTwo, all tested groups

amebocyte were effective in reducing

lysate assay bacterial counts with

Bacterial Cultivable no significant difference

count bacteria between systems (P > 0.05),

(CFU/mL) but all still have detectable
bacteria after instrumentation.

DNA Level of total Effective in reducing bacterial

extraction bacteria and counts with no significant

and Streptococci difference compared to BioRace

Quantitative (P > 0.05), but still have

Real-time detectable bacteria after

PCR instrumentation.

Cyclic fatigue resistance

Despite the advantages of NiTi rotary systems,
their major concern is the separation of instrument,
which can results from either torsional failure,
cyclic fatigue, or a combination of both (69).
According to the Glossary of Endodontic Terms
(10" Edition), torsional failure occurs when certain
parts of the instrument bind to the root canal wall
while the handpiece continues to rotate, surpassing
the elastic limit of the files and leading to fracture.
While cyclic fatigue refers to failure of an instrument
due to repetitive stress caused by work hardening
and metal fatigue, causing microcracks initiation

and eventually propagates until fracture.

Several advancements have been made to reduce
instrument breakage, focusing on improvements
in cross-sectional design, cutting motion, metallurgy,
heat treatment, and machining processes of
the instruments. These developments directly
affect the physical properties of the files, enhancing
their resistance to cyclic fatigue.

Cyclic fatigue testing of NiTi rotary files is the
assessment of operated instruments until fracture is
visually detected, then evaluation can be made in
relation to time to fracture, so that number
of cycles to fracture (NCF) can be recorded.
NCF can be evaluated under various conditions,

such as room temperature or body temperature,

Single-file rotary system: current concepts and their implementations _

Theerapon Nuntakarat, Chanakarn Sinsareekul



Gulaaay,

U

%
% &
“donic A

S

St 1, WV

ay%

Thai Endod J

Thai Endodontic Association

. 5t

which can induce austenitic transformation and
reducing cyclic fatigue resistance when tested at
body temperature (31, 70). Which means the file
are sensitive to temperature changes, and elicit
different properties according to each specific
heat capacities due to different phases of the

material (71). It has been suggested that time to

fracture is a more realistic measure, especially
for single-file systems, as NCF may not accurately
predict clinical lifespan (72). However, results
can vary among studies due to the lack of consensus
on testing standards and models used for

cyclic fatigue testing of NiTi instruments.

Summary of cyclic fatigue resistance of different single-file systems compared to multiple-file systems.

Table 4
Authors Sample Single-file Movement
Instruments
Pedulla Artificial root Reciproc R25  Reciprocation
etal. 2013  canal with 60 WaveOne Reciprocation
(73) degrees Primary
curvature
Dagna Stainless steel ~ OneShape Continuous
et al. 2014  canals with size 25
(74) 45-60 degrees  Reciproc R25  Reciprocation
curvature, and  \yaveOne Reciprocation
5-8 mm radius Primary
da Frota Artificial root Reciproc R25  Reciprocation
et al. 2014  canal with 45 WaveOne Reciprocation
(75) degrees Primary
curvature, and
5 mm radius
Kiefner Artificial root Reciproc R25  Tested in
etal. 2014  canal with 60 and R40 both
(76) degrees reciprocation
curvature and
continuous.
Al-Obaida Stainless steel  WaveOne Reciprocation
etal. 2022  artificial root Primary
(1) canal with 40 Reciproc R25  Reciprocation

degrees
curvature and

5 mm radius

Methods Evaluated Conclusions
parameters
Time to Number of When compared to MTwo and
fracture cycles to Twisted File size 25 which rotated
recorded. fracture in continuous motion, both

(NCF) Reciproc and WaveOne showed
significantly higher cyclic fatigue
resistance (P < 0.05).

Time to Number of Reciproc showed highest cyclic
fracture cycles to fatigue resistance (P < 0.05),
recorded. fracture followed by WaveOne and

(NCF) OneShape, then ProTaper F2.

Time to Number of When compared to ProTaper F2
fracture cycles to and MTwo size 25 which rotated
recorded. fracture in continuous motion,

(NCF) both Reciproc and WaveOne
showed significantly higher
cyclic fatigue resistance
(P < 0.05).

Time to Number of Reciprocation can increase cyclic
fracture and  cycles to fatigue resistance of NiTi
push-pull fracture instruments (P < 0.05). Same
cycles (NCF) results and conclusion applied
recorded. when tested with MTwo.

Time to Number of WaveOne showed significantly
fracture cycles to higher cyclic fatigue resistance
recorded. fracture compared to Reciproc and

(NCF) ProTaper F2 (P < 0.05).
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In evaluating cyclic fatigue resistance,
the kinematics of movement are more critical
than the number of file sequences used. Rather
than comparing single-file and multiple-file
systems, studies have focused on different modes
of movement. Results coincide among several
studies indicating that systems using reciprocating
motion tend to show longer time to fracture
compared to those using continuous rotation
(71, 73-78). This may be attributed to reciprocating
motion requiring more time to complete the
same amount of rotational cycles as continuous
rotation, or due to lower operational rpm settings
in reciprocating files. The result can be explained
the concept of reciprocation motion that
was originally developed to prevent flexural
cyclic fatigue of instruments when compared
to continuous rotation. However, apart from
movement kinematics, other factors such as
metallurgy, design, and heat treatment applied to
the files can also influence the cyclic fatigue

resistance properties of the instruments.

Efficiency in endodontic retreatment

In endodontic retreatment procedures,
it is essential to completely remove all previous
root filling materials to achieve full working
length for subsequent cleaning, shaping,
and obturating procedures. Several NiTi
rotary file products designed specifically for

retreatment purposes are available on the market.
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Their mechanics are rotating motion which
facilitates cutting through the obturating material.
These files were designed as an end-cutting tips,
which enhance penetration into the gutta-percha
mass. The resistance generated by these files can
soften the gutta-percha, aiding in its removal.

Non-retreated rotary file systems can also be
used to remove gutta percha, but require higher
speeds compared to normal mechanical
preparations. The file should be smaller in
diameter and less tapered than the canal to
prevent binding. The recommended technique is
the plunge-and-withdrawl, combined with
supplementary use of irrigants. The recommended
motor setting should be 350-1,500 rpm, to generate
sufficient resistance which can soften the gutta
percha and reduce the chance of instrument
fracture. However, using a high speed cutting action
in curved canals can cause deviation and canal
transportation (79).

According to Table 5, comparing the
efficiency of single-file and multiple-file systems
in endodontic retreatment is inconclusive.
Retreatment efficiency is assessed using several
parameters, such as the amount of remaining gutta
percha (which is mostly perform with CBCT or
micro-CT scans), the amount of debris generated,
the time required to re-establish the working length,
or the complete elimination of clinically visible

gutta percha.
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Table 5

multiple-file systems.

Summary of endodontic retreatment efficiency of different single-file systems compared to

Remaining

photographed  filling material

Rios et al. 2014  Maxilla Reciproc R25  Reciprocation  Splitting,
(80) incisors WaveOne Reciprocation
Primary under dental
operating
microscope,

and analyzed
with Image

Tool software

Nevares et al. Mesial roots of ~ Reciproc R25  Reciprocation  (not
2016 (81) Mandibular mentioned)
molars micro-CT
Ozyurek and Maxillary Reciproc R25  Reciprocation  Splitting and
Demiryurek, central incisors SEM analysis
2016 (82)
Digital
chronometer
Jorgensen Mesial roots of ~ WaveOne Reciprocation  (not
et al. 2017 (83)  Mandibular Primary mentioned)
molars
Volume 3 (2] Jul - Dec 2024

Time to regain
working length
Remaining
filling material
Apical

transportation

Remaining

filling material

Time to regain

working length

Time to regain

working length

No differences in the
amount of remaining filling
material between both
Reciproc and WaveOne
compared to ProTaper
Universal Retreatment

(P > 0.05).

No differences in time
regaining worling length,
remaining filling material,
and apical transportation
between Reciproc
compared to ProTaper Next
(P > 0.05).

Reciproc showed no
significant difference to TF
Adaptive (P > 0.05), but
remaining filling in both
Reciproc and TF Adaptive
were significantly greater
compared to ProTaper
Next, and ProTaper
Universal Retreatment (P <
0.05).

Reciproc showed no
significant difference to TF
Adaptive and ProTaper
Next (P > 0.05). While
ProTaper Universal
Retreatment showed the
shortest retreatment time
(P < 0.05).

Significantly greater time to
reach working length
compared to ProTaper
Universal retreatment files
(P < 0.05).



Table 5

multiple-file systems. (continued)

Authors

Yilmaz and
Ozyurek, 2017
(62)

Delai et al.
2019 (84)

Abdelnaby et
al. 2023 (85)

Tantiwanichpun

and Kulvitit,
2023 (86)

Sample

Maxillary

central incisors

MB canals
of maxillary

molars

Mesial roots of
Mandibular
molars with
10-20 degrees
curvature
Mesial roots of
Mandibular
molars with
20-40 degrees

curvature

Single-file Movement

Instruments
Reciproc R25
(for filling
removal),
and R50 (for
shaping)

Reciprocation

WaveOne Reciprocation
Gold Primary

(for filling

removal),

and Medium

(for shaping)

Reciproc
Blue R25

Reciprocation

HyFlex EDM

size 25

Continuous

Reciproc
Blue R25

Reciprocation

Methods

Myers and
Montgomery
method

Digital

chronometer

micro-CT

micro-CT

Digital timer

Myers and
Montgomery
method
CBCT scans

micro-CT

Digital clock

3
P Thai Endodontic Association K7

Evaluated
parameters
Apically
extruded
debris
Gutta percha

removal time

Remaining

filling material

Apical

transportation

Working time

Apically
extruded
debris
Remaining
filling material
Percentage of
root filling

removal

Canal

deformities

Working time

sulaaay,
S %
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Summary of endodontic retreatment efficiency of different single-file systems compared to

Conclusions

Significantly greater amount
of apically extruded debris
than ProTaper Next (P < 0.05).
No significant differences
compared to ProTaper
Next, and TF Adaptive in
gutta percha removal time
(P > 0.05).

No significant differences
compared to ProTaper, and
RaCe (P > 0.05). None of the
systems can completely
remove filling materials.

No significant differences
compared to ProTaper, and
RaCe (P > 0.05).

When compared to
ProTaper and RaCe,
WaveOne Gold was
significantly faster in shaping
(P < 0.05), but no significant
differences among groups in
filling removal (P > 0.05).

No significant differences
compared to ProTaper
Universal Retreatment
combined with ProTaper
Next (P > 0.05).

No significant difference
compared to VDW Rotate
retreatment files and
ProTaper Next (P > 0.05).
Not observed in the
specimens in all tested
instrument systems.
Significantly longer time for
reaching working length and
filling removal in the Reciproc
Blue group compared to VDW
Rotate (P < 0.05).
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Table 5

multiple-file systems. (continued)

Summary of endodontic retreatment efficiency of different single-file systems compared to

Ciftcioglu Single root Reciproc R25  Reciprocation
et al. mandibular
2023 (87) premolars

XP-endo Continuous

Shaper

While the single-file system is advantageous
for endodontic instrumentation due to its simplicity
and reduced treatment time, the same may not
hold true for endodontic retreatment. According to
previous studies, the treatment time required
for gutta percha removal or re-establishing the
working length can take longer with single-file
systems (83, 86, 87). However, some studies
reported that there were no differences between
single and multiple-file systems regarding time
required for gutta percha removal or re-establishing
the working length (62, 81, 82, 84). Meanwhile, the
volume of remaining gutta percha were not
statistically significant difference between the single-
file system and full sequence system, or retreatment
files (80, 81, 84-86). Results can vary across studies

due to differences in samples, retreatment protocols,

Digital Time to regain  Reciproc Blue showed the
chronometer  working length  longest time, followed by
ProTaper Universal
Retreatment, then XP-endo
Shaper. Significant
differences were observed
among groups (P < 0.05).
Myers and Apically XP-endo Shaper showed
Montgomery extruded least apical extruded
method debris debris, followed by

Reciproc Blue and ProTaper
Universal Retreatment, with
only significant difference
between XP-endo shaper
and ProTaper Universal
Retreatment (P < 0.05).

assessment tools, and evaluation criteria.
The effectiveness of gutta percha removal during
retreatment may differ between instruments,
influenced by their cutting efficiency, cross-sectional
design, cutting angle, metallurgy, and kinematics
(88). Some studies suggest that instruments with
a slender design, narrow taper, and booster tip
are more efficient for gutta percha removal.
In contrast, files with a large taper may not provide
adequate space for cutting debris displacement,
potentially leaving more remaining gutta-percha
and increasing instrumentation time (89). Despite
the difference, one issue that can be concluded
is that none of the tested file systems were
subjected to completely remove the gutta percha

from the entire root canal (84, 86).
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Conclusions

The use of single-file rotary systems achieves
a comparable effect in terms of cleaning efficiency
to multiple instrumentation techniques, while also
reducing treatment time. However, higher levels of
evidence are required to evaluate their shaping
ability, debris extrusion, and efficiency in endodontic
retreatment. One limitation of the technique is the
necessity of establishing a ¢lide path before
implementation in curved canals. Nonetheless,
clinicians are encouraged to select the most suitable
instrument for each case and to experiment with
different systems to determine the best option

based on their own judgment.
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