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Abstract

Background and Aim: Various techniques exist for the mechanical preparation of the root canal system using rotary
instruments, each with its own unique approach. One notable method is reciprocating motion, which is often recognized for its
potential benefits over traditional techniques. This review aims to examine the fundamental characteristics of reciprocating
motion in endodontic instruments, highlighting the specific advantages and disadvantages of this approach compared to
continuous rotation and other kinematic movements.

Methods: A comprehensive literature search was conducted in PubMed, Scopus, and Google Scholar databases using a
structured search strategy for the period from January 2008 to December 2025. The search included keywords related to
reciprocating motion, endodontics, root canal preparation, and nickel-titanium instruments. No language restrictions were
applied. Studies evaluating the efficacy, safety, and clinical outcomes of reciprocating motion in root canal preparation were
included.

Results: The available evidence suggests that reciprocating motion offers several advantages over continuous rotation, including
reduced cyclic fatigue, improved centering ability, and decreased risk of instrument fracture, particularly in curved canals.
Reciprocating systems have demonstrated efficacy in glide path creation and canal preparation, especially in anatomically
challenging cases. However, some studies report comparable outcomes between reciprocating and continuous rotation
regarding cleaning efficiency and debris extrusion.

Conclusion: Reciprocating motion represents a viable and effective alternative to continuous rotation for root canal preparation,
with particular benefits in complex anatomies. While current evidence supports its clinical use, further long-term studies are
needed to establish definitive guidelines for instrument selection and technique optimization.
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Introduction Despite the increasing use of reciprocating motion
in endodontics and the existence of studies
investigating its characteristics, there remains a lack

of comprehensive and contextualized knowledge

Root canal therapy involves a series of steps, one of
which is the mechanical preparation of the root canal
system. This procedure causes some widening of the

canals, leads to the removal of infected dentin, and
facilitates the penetration of disinfectant solutions to
the apical terminus (1, 2). With the advent of rotary
instruments for mechanical root canal preparation,
various movement patterns for file activation were
introduced, one of which is reciprocating motion.
These systems operate by alternating between
clockwise and counterclockwise rotations (1).

regarding the potential benefits that reciprocating
motion can offer for canal preparation. Furthermore,
there is a distinct need for a narrative review that
encapsulates the evolution of reciprocating
technology and integrates diverse findings across
multiple studies.

The purpose of this narrative review is to explore the
current literature on reciprocating systems in

Copyright 2025 © Author(s). This article is published by Journal of Iranian Dental Association under the terms of the Creative Commons Attribution- Noncommercial 4.0 International License
https://creativecommons.org/licenses/by-nc/4.0/


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-8718-8787
https://doi.org/10.34172/jida.2262

Journal of Iranian Dental Association (JIDA)

Karbalaei Kamran et al.

endodontics, including their performance,
advantages, disadvantages, and associated patient
outcomes such as postoperative pain.

Shaping Ability and Cutting Efficacy

The shaping and cutting capabilities of root canal
preparation instruments are among their most
critical features. Instruments with higher efficiency
facilitate more effective removal of infected dentin,
thereby increasing the speed of the root canal
treatment process (2). Enhanced cutting edges and
optimized blade design allow the instrument to
engage dentin more efficiently, minimizing the
formation of the smear layer. This reduction not only
improves canal cleanliness but also enhances the
penetration of irrigants and sealers, contributing to
better disinfection and sealing outcomes (3).
Numerous factors affect this characteristic of
instruments. The degree of canal curvature,
specialized heat treatments, and the cross-sectional
design of the instrument are among the most
influential factors affecting this aspect of instrument
performance (4). To completely avoid these
confounding factors arising from differences among
manufactured instruments, a number of studies
evaluated the shaping and centering ability of a
single file under different kinematic motions,
including continuous rotation and reciprocation.

The first article published in this manner was a study
conducted by Yared in 2008. This study assessed the
use of ProTaper F2 files with reciprocating motion,
demonstrating effective instrumentation with
minimal risk of transportation and file fracture when
using a specific cutting angle (5). According to

further studies on Neolix rotary files, canal
preparation efficiency could be enhanced by
reciprocating motion rather than continuous

rotation settings (6).

It should be taken into consideration that many
studies conducted on shaping ability and cutting
efficacy are in vitro and lack clinical investigation.
Centering Ability and Transportation

An optimal root canal preparation instrument should
combine high shaping efficiency with the ability
to preserve the original canal anatomy. Maintaining
this conformity reduces the risk of canal
transportation and deviation from the natural path,
thereby preventing unnecessary thinning of the
dentinal walls. Such deviations can compromise
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structural integrity and increase susceptibility to
dentinal cracks, root fractures, or canal perforations.
Key factors influencing the risk of canal transporta-
tion during instrumentation include the angle of file
insertion, the initial curvature of the canal, and the
metallurgical properties and heat treatment of the
instrument (7). Each of these factors plays a crucial
role in determining the instrument's ability to
maintain centrality and anatomical integrity
throughout the preparation process.
Micro-computed tomography-based investigations
have consistently demonstrated that reciprocating
and continuous rotary systems exhibit comparable
canal transportation and centering ability in curved
root canals. In mandibular molar mesial roots with
single curvature, WaveOne Gold, R-Motion
(FKG Dentaire, La-Cheaux-de Fonds, Switzerland),
and Reciproc Blue (VDW, Munchen, Germany)
showed no statistically significant differences in
canal transportation or centering ratio at 3, 5, and 7
mm from the apex (8).

Comparative evaluations between reciprocating and
rotary systems have reported variable findings
depending on canal morphology. In curved
mesiobuccal canals of mandibular molars assessed
by CBCT, TruNatomy (Dentsply Sirona, Ballaigues,
Switzerland) demonstrated significantly lower canal
transportation than Reciproc Blue (VDW, Munchen,
Germany) and EDMax (Neolix SAS, Evron, France),
while centering ability showed limited differences,
restricted to the buccolingual dimension at specific
apical levels (9). Conversely, micro-CT studies in
oval or long-oval canals frequently reported no
significant differences in transportation or centering
ability between reciprocating and rotary systems,
despite differences in prepared surface area and
volume (10).

An ex vivo retreatment study of extracted maxillary
molars demonstrated that during retreatment of
MB1 and MB2 canals, Reciproc Blue (VDW, Munchen,
Germany), WaveOne Gold, and a continuous rotation
system (ProDesign Logic) demonstrated minimal
apical transportation and canal centralization,
irrespective of kinematics (10). Notably, a significant
reduction in dentin thickness below 0.5 mm in the
danger zone of MB2 canals was consistently
observed after retreatment, independent of the
instrumentation system or motion used (10).
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Instrument metallurgy and geometric design exert a
substantial influence on shaping
Heat-treated alloys, including Blue-Wire, Gold-Wire,
and CM wire, were associated with increased
flexibility and improved canal centralization.
However, larger apical sizes and greater tapers (e.g.,
25/.08 and 40/.06) were associated with increased
canal transportation, particularly in curved canals.
Regressive and variable taper designs were
associated with conservative coronal dentin removal
and proper centering of root canal preparation (8).
In a comparative study evaluating the centering
ability of different kinematic motions, WaveOne Gold
instruments demonstrated significantly more
centered root canal preparations and reduced canal
transportation compared with rotary ProTaper Next
and adaptive Twisted Files (11). This outcome
contrasts with earlier reports that associated
reciprocating WaveOne systems with increased
transportation (12, 13). The authors attribute this
discrepancy to differences in instrument design and
metallurgy: previous investigations assessed the
original WaveOne instruments, which were
manufactured from conventional NiTi alloy and
lacked the thermomechanical treatment applied to
WaveOne Gold. The proprietary heat treatment of
the Gold alloy enhances flexibility, elasticity, and
resistance to cyclic stress, thereby improving the
instrument's ability to conform to canal curvature
and maintain centering during preparation.
Consequently, the superior performance of WaveOne
Gold appears to derive primarily from its advanced
metallurgical properties rather than reciprocating
motion alone (11). This distinction highlights the
critical influence of alloy composition and design
modifications on clinical outcomes and cautions
against direct comparisons of the impact of different
kinematics on canal transportation during root canal
preparation without accounting for differences in
NiTi alloy processing.

Overall, studies have demonstrated that reciprocat-
ing and continuous rotation systems produce similar
centering abilities and limited canal transportation
when evaluated under standardized conditions.
Discrepancies among studies were primarily related
to differences in imaging modality (micro-CT vs.
CBCT), canal morphology, curvature severity, and
apical preparation size. CBCT-based assessments
tended to underestimate subtle canal deviations

outcomes.

compared with micro-CT, contributing to variability
in reported outcomes.

In summary, the reviewed evidence indicates that
canal anatomy and instrument design parameters
exert a greater influence on canal transportation and
centering ability than kinematic motion alone.
Microbial Reduction

The ultimate goal of root canal preparation is to
achieve maximal microbial load reduction within the
canal system. This is accomplished through the
mechanical removal of biofilm and infected dentin, in
conjunction with the application of antimicrobial
irrigants. The more effectively an instrument can
remove dentin in a safe manner, the greater the
extent of microbial reduction. Accordingly, the
cutting efficiency of the instrument plays a critical
role in the success of endodontic disinfection.
Reciprocating preparation systems, through their
characteristic push-pull motion, have demonstrated
a notable ability to disrupt bacterial biofilms. This
mechanical disruption facilitates more effective
penetration of irrigating solutions, thereby
enhancing the overall efficacy of canal debridement
and microbial elimination (14). According to the
results of a systematic review of in vitro studies,
both reciprocating and continuous rotary systems
are equally effective in diminishing microbial
populations in infected root canals; yet neither
method ensures complete disinfection (14).
Therefore, the use of an appropriate chemical
protocol for disinfecting the root canal system is
crucial (14).

Debris Extrusion

To date, there is no consensus regarding the impact
of instrumentation kinematics on apical extrusion of
debris. While some systematic reviews and recent
articles found no significant difference between
rotary and reciprocating motion (15, 16), older
investigations found a significant difference and
concluded that reciprocating motion induces greater
extrusion of debris compared to sequential rotary
and single-file continuous rotation instruments
(17,18).

In a more recent study, a more significant variable
than instrumentation kinematics has been discussed:
the level of instrumentation relative to the apical
foramen (16). It was stated that if instrumentation
extends beyond the limit of the root canal, more
debris extrusion occurs. Additionally, a laboratory
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study indicated that using a larger tip size with a
single reciprocating instrument resulted in less
debris being extruded from the root canal (19). It
could be suggested that a more crown-down
approach before reaching the full working length
could reduce the microbial load and dentinal chips at
the apical third of the root canal and eventually
result in less debris extrusion.

There is ongoing disagreement regarding the extent
of apical debris extrusion during endodontic
retreatment. While one study reported reduced
extrusion with reciprocating systems (20), another
found that multi-file rotary systems were associated
with lower debris extrusion (21). In the same study,
it was also demonstrated that the time required
for removal of root canal filling materials was
significantly shorter when using reciprocating
systems compared to both multi-file rotary and
manual techniques (21).

However, findings from systematic and umbrella
reviews investigating this issue have concluded that
reciprocating systems result in greater apical debris
extrusion (22, 23). This conclusion, however,
appears to be potentially inaccurate, as it may not
adequately account for methodological inconsisten-
cies and confounding variables across the included
studies, such as the number of instruments used and
the actual results obtained from the studies.
Postoperative Pain

The clinical significance of apical debris extrusion
lies in its impact on post-treatment pain. While some
research found that reciprocating instrumentation
led to a higher incidence of postoperative pain (24),
others showed the opposite (25, 26). A recent
systematic review of clinical trials on postoperative
pain associated with non-surgical root canal
treatments revealed that the kinematics of file
motion does not influence the level of postoperative
pain (27).

Several factors contribute to pain after root canal
treatment, including the number of treatment visits,
pulp condition, and periapical status (22). Therefore,
it is essential to focus on variables that have proven
effective such as avoiding
over-instrumentation and overfilling, along with
ensuring complete chemo-mechanical preparation of
the root canal system (28).

Fatigue and Instrument Fracture

in managing pain,
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Instrument separation within the root canal can
significantly affect the outcome of endodontic
treatment (29). Accordingly, considerable efforts
have been directed toward improving the
metallurgical properties of preparation instruments
and optimizing their kinematic design to minimize
the risk of file fracture.

The reciprocating motion employed in engine-driven
systems simulates the balanced force technique
traditionally used with manual instruments. This
motion not only facilitates the preservation of the
canal's original anatomy—thereby reducing the risk
of transportation and deviation—but also
contributes to a lower incidence of instrument
fracture. Specifically, the counterclockwise
disengaging movement reduces the file's engage-
ment with canal walls, thereby decreasing torsional
stress and enhancing safety during instrumentation.
The main advantage of using instruments in
reciprocating motion is their higher fatigue
resistance, reducing file fracture in narrow and
severely curved canals. Numerous studies have
demonstrated the superiority of this method
compared to continuous rotation single files and
sequenced rotary files (30-32).

In a recent study, a single-file system was utilized
under two kinematic protocols—continuous rotation
and reciprocation—to assess its cyclic and torsional
fatigue resistance. The results demonstrated that
reciprocating motion significantly enhanced the
instrument's resistance to mechanical fatigue (33).
Based on findings from previous research, it can be
inferred that Adaptive Torque Reverse (ATR) motion
may represent one of the safest approaches to root
canal preparation (Figure 1). This motion is
specifically designed for file systems that cut in the
clockwise direction, with the file predominantly
rotating in that direction. The system operates under
a low torque limit (typically 1.5 N-cm or lower).
When the file encounters resistance and reaches the
preset torque limit, it transitions into a reciprocating
motion. This shift not only reduces torsional stress
on the instrument but also allows continued
progression toward the working length—unlike
conventional full-reverse systems, which often
interrupt the apical advancement of rotary
instruments. By combining enhanced safety with
procedural efficiency, ATR motion maximizes both
the speed and reliability of canal preparation,
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offering a promising advancement in endodontic
instrumentation (34).

360"

Full rotation

ATR

Reciprocation motion

Figure 1. Schematic representation of the various kine-
matic approaches employed in root canal instrumentation.
ATR: Adaptive torque reverse

Induction of Dentinal Defects

Dentinal microcracks could lead to vertical root
fractures and negatively affect tooth longevity. The
incidence of dentinal defects in rotary and
reciprocating file systems has been compared in
several studies, and reports indicate that both rotary
and reciprocating systems tend to form more
dentinal defects than hand files (35). However, the
difference between these two systems (rotary and
reciprocating) is often not statistically significant

(35, 36). An in vivo study has indicated that modern
reciprocating file systems such as Reciproc Blue
(VDW, Munchen, Germany) are generally safe and
do not propagate microcracks (37). Files like
TruNatomy (Dentsply Sirona, Ballaigues,
Switzerland) and ONE RECI (MicroMega, Besancon,
France) have demonstrated similar capability in
maintaining dentin integrity (36).

Glide Path Preparation

Creating a glide path can improve file navigation,
shaping efficiency, and lower the risk of procedural
errors, particularly in curved canals; hence, it is
essential for greater safety during root canal
preparation. According to studies, reciprocating
motion accompanied by heat-treated glide path files
shows higher fatigue resistance and shorter
preparation times in comparison with conventional
instruments (38).

Recent studies have evaluated the cutting and
shaping capabilities of reciprocating glide path file
systems in comparison to continuous rotation
instruments. The findings consistently demonstrate
the superior performance of reciprocating systems
in terms of both cutting efficiency and shaping ability
(38). Studies also report no significant difference in
glide path creation time between systems such as
WaveOne Gold Glider (Dentsply Maillefer, Ballaigues,
Switzerland) and ProGlider (Dentsply Maillefer,
Ballaigues, Switzerland). Glide path techniques do
not affect dentinal microcracks, but they can reduce
root canal transportation and enhance cutting ability
(38, 39).

Laboratory data show that reciprocating glide path
instruments (WaveOne Gold Glider, R-Pilot) are at
least as efficient as rotary systems in reaching
working length and tend to provide equal or better
centering when compared with constant rotation,
while ATR can partially bridge the gap between
continuous rotation and reciprocation (40, 41).
Clinical trials indicate that engine-driven glide path
preparation, whether reciprocating or rotary,
reduces postoperative pain compared with manual
glide path instrumentation or no glide path, while
reciprocating versus rotary kinematics per se do not
show consistent differences in patient-reported pain
outcomes (42, 43).

It can be concluded that reciprocating kinematics for
glide path preparation can be considered superior
overall to simple continuous rotary and manual
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kinematics, primarily because they provide greater
cyclic fatigue resistance, favorable centering
behavior, and low clinical fracture rates, while
maintaining at least equivalent shaping efficiency
and postoperative pain outcomes (42-44). However,
the superiority of reciprocation is not absolute:
optimized rotary kinematics (ATR) and advanced
rotary designs (such as TruNatomy (Dentsply Sirona,
Ballaigues, Switzerland) and One G) can match or
surpass reciprocating systems in specific parameters
like torsional resistance, screw-in force reduction,
or 24-hour pain in selected clinical scenarios,
highlighting that instrument design and motor
algorithms are crucial modifiers of kinematic effects
(39, 43).

Therefore, reciprocating glide path kinematics
should be preferred when mechanical safety in
curved canals is prioritized, with high cyclic fatigue
resistance and low fracture risk, while modern
rotary systems remain valid alternatives in
experienced hands, particularly when combined
with advanced rotation modes and careful case
selection.

Time of Preparation

Preparation time is a factor of high importance in
endodontic procedure efficiency, especially in
retreatment and pediatric cases. Both rotary and
reciprocating systems are significantly faster than
manual methods such as stainless-steel K-files.
Studies report that single-file reciprocating and
rotary techniques take comparable time in most
cases, but sequential continuous rotary systems (e.g.,
ProTaper Universal) are generally slower than
reciprocating systems (e.g, WaveOne Gold) (45).
Additionally, undergraduate students were able to
achieve faster results using reciprocating and rotary
file systems in simulated blocks (46). Furthermore,
coronal preflaring has been reported to enhance
efficiency by decreasing the number of pecking
motions required to reach working length with
reciprocation (47). These results collectively support
that reciprocating systems are time-saving,
especially in challenging cases and educational
settings.

In a recent study, the success rate and retrieval time
of fractured ProTaper Universal and WaveOne Gold
files were compared. Although no significant
difference was observed in the success rate of file
retrieval between the two systems, the time required
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to remove the WaveOne Gold file was significantly
shorter than that for the continuous rotation
instrument (48).

Due to the superior fatigue resistance of
reciprocating systems and their lower risk of
instrument fracture—particularly in severely curved
canals—it is possible to safely reach the working
length with fewer pecking motions. In contrast,
continuous rotation systems typically require
multiple short-range pecking movements to achieve
the same level of safety during canal preparation.
Root Canal Filling Removal

A key factor for successful non-surgical retreatment
is effective removal of root canal filling material.
While no instrumentation system is capable of
complete filling material removal, reciprocating
systems have demonstrated favorable performance
in removing canal filling material, with comparable
or superior efficacy to manual or rotary techniques
(49). Apical extrusion of filling materials is common
with both rotary and reciprocating systems;
however, no significant differences were observed in
the amount of extruded debris (49). Another study
highlighted enhancement of removal efficiency
following the combination of reciprocating
instruments with ultrasonic irrigation, especially in
cases where calcium silicate-based sealers are used
(50). However, the procedure's success also relies on
the type of obturating material and canal anatomy.
Rotary systems like ProTaper Universal (Dentsply
Maillefer, Ballaigues, Switzerland) may provide
slightly faster removal, but they are more likely
to induce dentinal defects due to their greater
stiffness and rotational stress (51). In conclusion,
reciprocating systems offer a promising balance
between removal efficacy and maintaining dentinal
integrity, which makes them a suitable option for
retreatment procedures.

Clinical Outcome

Reciprocating systems have demonstrated promising
clinical outcomes, with studies showing comparable
or superior results to instrumentation with rotary
files. High success rates over years, efficacy, and
simplified handling of these file systems have been
reported in some studies (52, 53).

In a randomized multicenter clinical trial by
Machado et al,, 240 necrotic teeth were assigned to
single-visit root canal treatment, utilizing two
kinematics (rotary and reciprocating) and two apical
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enlargement approaches (with and without
intentional foraminal enlargement). Postoperative
pain was then measured. Across groups, statistically
significant differences appeared only with tooth
type, periradicular status, and sealer extrusion, while
the rotary without intentional foraminal
enlargement combination showed lower pain—but
only at 24 hours—indicating a short-term advantage
for that condition rather than a generalized
kinematic effect (54).

In this article, methodological imbalances likely
influenced pain outcomes: the reciprocating without
intentional foraminal enlargement group had many
more mandibular first molars, periradicular
diagnoses differed between groups, and overfilling
rates varied markedly—all factors plausibly linked
to pain. Notably, the group with the lowest pain
(rotary without intentional foraminal enlargement)
also had the lowest sealer extrusion (5%), whereas
other groups—especially those with intentional
foraminal enlargement—had far more overfilling,
and prior evidence associates zinc-oxide-eugenol
sealer extrusion with higher postoperative pain.

A complementary educational cohort compared a
hybrid rotary technique (hand + rotary) with full
reciprocation (WaveOne Gold; Dentsply Maillefer,
Ballaigues, Switzerland) across 368 student cases,
tracking procedural errors and outcomes (55).
Overall procedural errors were more frequent with
reciprocation, driven by significantly more
over-instrumentation in the WaveOne Gold group.
However, the occurrence of ledges, transportation,
and file separation was not different. Importantly,
when survival was analyzed with appropriate
time-to-event methods, there was no significant
difference in tooth survival between hybrid rotary
and reciprocation, and baseline periapical index, not
kinematics, was the dominant predictor of worse
survival. These findings indicate that, in novice
hands, reciprocation may increase certain technical
errors (notably over-instrumentation) without
measurably worsening survival when cases are
followed over time.

Reciprocation may be associated with more
over-instrumentation among students, yet this did
not translate into worse survival, suggesting
operator training and apical control are more pivotal
than motion. Accordingly, it can be concluded that
neither kinematic outperforms the other in

long-term clinical outcomes, and clinicians should
prioritize apical limit control and minimization of
root filling material extrusion.

Overall, root canal preparation with reciprocating
files offers predictable and efficient outcomes in
various clinical settings such as primary root canal
treatments and non-surgical retreatments (52, 53).

Conclusion

Based on this narrative review, reciprocating motion
systems demonstrate comparable performance to
rotary systems in clinical
domains, including shaping efficiency, preservation
of the original canal anatomy, incidence of
postoperative pain, and overall clinical outcomes. In
addition to these similarities, reciprocating systems
offer notable advantages in terms of ease of use,
enhanced resistance to instrument fracture, and
reduced preparation time. However, results
regarding their performance in terms of debris
extrusion and  postoperative pain  remain
inconsistent.

Given these benefits, the use of reciprocating
instruments may offer advantages for glide path
creation and canal preparation in anatomically
complex cases—such as severely curved or calcified
canals—where procedural safety, efficiency, and
canal integrity are of paramount importance.
However, clinical decisions must be individualized
based on the dentist's expertise and specific case
factors.

Clearly, more well-designed clinical trials are needed
to obtain more accurate results regarding the
performance of reciprocating systems, as the current
evidence is mixed and there is considerable
methodological variability across studies.
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