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Reciprocating Files in Endodontics
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ABSTRACT

The success of endodontics treatment depends on how well the canal is prepared and disinfected. Ideally the canal 
should be circumferentially prepared and infected dentin should be removed without weakening the root. Reciprocating 
files are designed to minimally remove the dentin and reduce the incidence of fracture of the files. This article discusses 
about the advantages of reciprocating files over conventional files and its uses. Many reciprocating files have been 
introduced. They reduce the fracture rate compare to continuous rotation files. These files are based on balanced force 
technique. They may have different or same degree of clockwise and counterclockwise degree of rotation. The degree 
of rotation is governed by the properties of material used for the manufacturing of the file. This article discusses about 
the reciprocating files and their effectiveness in preparing the canal.
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INTRODUCTION

As the old adage goes, what we remove is more important 
than what we fill in the canal, it holds good even today. 
The canal should be prepared thoroughly without undue 
removal of dentin and at the same time not retaining the 
infected dentin. Instrumentation goal should also include 
with maintaining the natural anatomy of the root canal 
to fill the canal imperviously to get a microbe tight seal. 
Rotary instruments are designed to work in clockwise 
rotation. Continuous rotary files are consider to be 
more prone to fracture because of torsion and fatigue 
through flexure. These disadvantages can be overthrown 
by reciprocating files which have differing degree of 
clockwise and counterclockwise rotation and not full 
rotation. This degree of clockwise and counterclockwise 
rotation is driven by the properties of the metal of the 
file [1-3].

Balanced force technique
While the balanced force technique primarily had the 
greater angle of rotation in counterclockwise against the 
spiral directions which are basically the key of balanced 
force to cut the root dentin, the greater angle in the 
reciprocating movement has to be inwards in line with 

the flutes beneficial to move a rotary into the canal. The 
balanced forces technique permits us to enlarge beyond 
the canal curvature without creating disagreeable 
results [1,4-6].

The cutting edges incline down a K-type file shaft at 
almost 45 degrees from the vertical axis. By standardized 
guidelines, the circumradius increases from the tip 
toward the handle and the flutes spiral clockwise. The 
result is simply that a load released by clockwise rotation 
pulls away from the operator moves the instrument 
apically and pulls away from the operator, while a load 
released by counterclockwise rotation moves the file 
out of the canal and pushes toward the operator. As a 
consequence of this, the operator may feel the total of all 
forces in the course of counterclockwise rotation, torque 
plus outward movement, while he or she feels only the 
torque portion of a clockwise rotation [2,3,7-10].

Reciprocating movement, in terms of switching the 
direction of rotation, seems to mimic the balanced 
force technique, which preserves the curvature of the 
root canal with minimal distortion. Reciprocation was 
introduced first in the year1964 by the Giromatic system 
(MicroMega). Reciprocating motion is a interrupted 
rotation, originally instrument moved in the direction of 
cutting (counterclockwise), followed by a minor rotation 
in the release direction (clockwise) [11-14].

In 2008 Yared, put forward the oscillatory and rotational 
movement, which enhances the resistance to flexural 
fatigue in a nickel-titanium instrument when compared 
to the continuous rotation movement, because the anti-
clockwise rotation is greater than the hourly rotation 
(disengagement), resulting in a Screw compression 
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effect, with depletion of compression forces conducive 
to the occurrence of elastic deformation, and of torsional 
fracture by engaging of its tip. The alternation of tensile 
and compressive stresses duringthe continuous rotation 
of instruments may lead to cyclic fatigue failure [15-19].

The motors are preset with specific angles for 
clockwise(CW) and counter-clockwise (CCW) rotations 
for Reciproc. When the instrument rotates in the cutting 
direction it will move forward in the canal and engage 
dentine to cut it before the instrument will rotate in 
the opposite direction to ensure unlocking of the file. 
This movement contributes to maintain the instrument 
remain in the center of the root canal, being the cutting 
force equal on the concave and convex side of the curve 
[20-22].

Reciprocating files have cutting action in clockwise 
or counterclockwise rotation. Few systems cut 
counterclockwise (Reciproc – VDW; Reciproc Blue 
– VDW; Wave One – Dentsply Sirona; Wave One Gold–
Dentsply Sirona; Pro Design R – Easy; Unicone–MK Life; 
X1 Blue File – MK Life), there are other systems with 
clockwise cutting action (Genius–Ultradent, Pro Design 
S–Easy). The angles of files rotation range from roughly 
60° to 90° clockwise and 120° to 270° counterclockwise.

Uses of greater taper
A complete elimination of pulp tissue, debris, cariogenic 
bacteria and infected dentin filings can be achieved by 
the componded cleaning effect of instrumentation with 
files and chemical irrigation. We can prepare a root canal 
by employing files of the same taper but with different 
apical tip diameters or different or graduating tapers. 
The concept behind variable or graduating tapers is that 
every subsequent file will only interlock a least possible 
aspect of the canal wall. Hence, frictional resistance is 
lessened and will need less torque to correctly run the 
file [23-26].

Continuous rotation files
Compressive and tensile stresses accumulate in one area 
because the file does not move axially (back and forth). 

These progressive stresses generate microstructural 
changes in the file. . Lately, a new kind of rotary motion, 
asymmetrical rotary motion, has been introduced. 
Asymmetrical rotational motion (waves of motion going 
along the active part of the instrument) is formed by 
contour features of the file, as well as having an off-
centred cross section that is not related to endodontic 
motors. The offset designed files give rise to a mechanical 
wave of motion that disseminate along the entire length 
of the NiTi file which enhance cutting and removing the 
debris in comparison with a centered mass rotating 
instrument. Furthermore, this offset design reduces 
the taper lock or the screwing effect which causes 
instrument separation [11,27-29].

Passive and active fixed-taper NiTi files
Active instruments have active cutting blades similar 
to the K-FlexoFile, whereas passive instruments have a 
radial land between cutting edge and flute. Disadvantage 
of these systems is taper lock and the resultant screw 
effect. To reduce taper lock and the eventual screwing 
effect related to both passive and active fixed tapered 
Ni-Ti cutting instruments, EndoSequence (Brasseler 
USA) and BioRaCe (FKG Dentaire) produce file lines with 
alternating contact points. A negative or a “considerably 
neutral” rake angle brings about a scraping instead of 
cutting action. The optimal rake angle is slightly positive 
but not very much positive. An excessively positive rake 
angle will create digging and gouging in the dentin. Active 
instruments cut more effectively and more aggressively, 
and have a tendency to straighten the canal curvature 
(Figure 1) [13,29-31].

Reciprocating files
It may be defined as any repetitive up-and-down or back-
and-forth motion. Instrument systems rotate in centric 
reciprocating motion, rotating at first counterclockwise 
(Reciproc 150°, Wave One 170°) to slice off dentin and 
clockwise (Reciproc 30°, WaveOne 50°) to remove it, so 
as to avoid the screw-in effect that happens with some 
continuous rotary systems. The angles of rotation were 
measured to be less than the degree required for fracture 

Figure 1: Source: Colleagues for excellence published for the dental professional community by the american association of endodontists winter 2008 
rotary instrumentation: An endodontic perspective [13].
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of the instrument in case it binds to dentin that is the CCW 
reciprocating angle should be less than the elastic limit 
of the material used for each system, thus making for a 
safer technique. The reciprocating systems are used in a 
lateral brushing motion. The idea behind these systems 
is that there is a quick repetitive process of engagement 
and disengagement of the file with the wall of the 
root canal through the definite clockwise and counter 
clockwise movement as it effectively rotates through 360 
degrees. This reduces load on the endodontic file and 
allows it to follow the canal without difficulty. Torsional 
stress is lowered by warding off binding of the file, and 
safety is enhanced. A reciprocating motion may reduce 
the effect of cyclic fatigue on NiTi rotary instrument life 
in contrast with rotational motion. It has been proposed 
that the increased resistance to fatigue occurs due to the 
release of reactionary stresses that get built within the 
material by reversing the direction of rotation. Te CW and 
CCW reciprocating angles are specifc for the endodontic 
reciprocating systems, and the CCW reciprocating angle 
should be smaller than the elastic limit of each system 
material [17,25,32-34].

Majority systems cut in a counterclockwise (Wave One–
Dentsply Sirona; Wave One Gold–Dentsply Sirona; Pro 
Design R–Easy; Reciproc–VDW; Reciproc Blue–VDW 
Unicone–MK Life; X1 Blue File–MK Life), even though 
there are systems with clockwise cutting action (Genius–
Ultradent, Pro Design S – Easy).

Cyclic fatigue
The cross-section that had the best resistance to cyclic 
fatigue was the double-S cross-section of Reciproc 
and Reciproc Blue. Different cross-sectional design 
of the instruments that is, Reciproc instruments have 
an S-shaped cross-section with two cutting blades 
whereas Reciproc blue (VDW GmbH, Munich, Germany), 
a thermally treated nickel—titanium instrument, 
s-shaped cross-section. Limiting the angle of rotation 
in the cutting direction under the tolerance limit of the 
instrument resulted in the development of a movement 
that could be defined as partial or unequal reciprocation, 
in which the angle of rotation in the cutting direction 
is more when compare to the angle of rotation in the 
opposite non-cutting direction [35-39].

Limiting the angle of rotation in the cutting direction 
to more than the angle of rotation in the opposite 
noncutting direction averts the taper lock phenomenon. 
Thus, torsional stress is reduced by limiting binding of 
the file, and safety is enhanced. Reciprocating movement 
in itself was able to increase the cyclic fatigue resistance 
of several NiTi instruments when compared to rotary 
motion. many factors significantly affect the cyclic 
fatigue resistance of files, anatomic variations, such 
as double curves in the root canal, are of particular 
importance. The irrigant did not have any influence on 
the cyclic fatigue on continuous or reciprocating files. 
The cross-sectional shape of the files might be another 
factor contributing to the cyclic fatigue resistances.

Debris removal
The different cross-sectional geometry may lead to 
increased space between the file and the dentinal walls, 
allowing more coronal flow of the dentinal debris. Files 
with triangular cross section like Protaper universal 
has better debris extrusion compared to Protaper next 
which has rectangular geometry [16,35].

Debris extrusion
The continuous rotating files showed better results 
than the reciprocating files. They produced less debris 
and smear layer, also multiple files preparation when 
compared to single file reciprocal systems. Amount of 
apical debris extruded can be related to the root canal 
anatomy, shape and number of root canals. Regardless of 
the systems used, all rotary file techniques lead to debris 
extrusion [40-43]. 

The number of instruments and the kinematics may 
contribute to debris extrusion during the instrumentation 
technique. Comparisons between single-file systems in 
continuous rotation and reciprocating motion showed 
less apical debris extrusion with continuous rotation 
systems [44-49]. While all staging techniques can 
cause apical extrusion of debris, the amount of debris 
extrusion in the periapical region may vary based on 
the method used. Wider angle of rotation in the cutting 
direction (counter-clockwise) of the WaveOne system 
with the lower depths of its grooves, this may explain 
the reduced performance in relation to debris removal 
during instrumentation. Few studies indicating that files 
with larger taper could be associated with greater levels 
of extrusion.

Maintenance of root canal anatomy
Creation of a glide path prior to instrumentation with 
any NiTi rotary or reciprocating motion is needed to 
maintain the normal anatomy of the canal. A glide path is 
produced when the file will enter from the canal orifice 
passing smoothly in a line by the entire length of the 
canal walls till the apical terminus in a easy, repeatable, 
and expected manner [50-53]. Preparations in curved 
canals showed remarkably more asymmetrical than 
straight canals. Regarding the centering ability, no single 
system was superior to the others regardless of canal 
anatomies [54-57].

Dentinal defects/cracks
Continuous rotation instruments generate more 
dentinal cracks in comparision to reciprocating 
motion, thus making them a better option [58-61]. The 
greater tapers rotary files with tend to generate more 
stresses into the root dentine when used for canal 
instrumentation, therefore contributing as one of the 
reason for crack formation in root dentin. M-wire and 
R-phase technologies NiTi files created lesser incidence 
of dentinal microcracks, particularly in the apical third.

Different types of reciprocatory movements’ include
The term reciprocating motion includes several possible 
movements and angles, each of which may influence 
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of dentin removed from root canals is significantly 
greater with NiTi engine driven systems when as 
opposed to hand filing, this may furthermore increase 
the chances of formation of the defects. The taper of 
files used for canal preparation could contribute to the 
formation of dentinal cracks. The greater the taper, the 
more root dentin is removed and the greater the chances 
of root fracture to occur.

Effect of preparation with reciprocating instruments 
on canal length [7,10,11]: Working length (WL) 
reduction is greater immediately after coronal flaring as 
oppose to late coronal flaring prior to apical preparation. 
It is highly recommended to check the WL at least two 
times during root canal shaping; an initial check is 
recommended during canal scouting. A second check 
of the WL is recommended after canal flaring, prior 
to preparation of the apical portion of the root canal, 
because the high likelihood for WL to undergo significant 
changes [24,25].

Clinical efficiency [8,12,13]: The rotary shaper files 
cut largely in the coronal two thirds, whereas the rotary 
finishers cut largely in the apical third. However, the 
reciprocating file continues to cut along its entire length, 
with file engagement increasing as canal penetration 
continues. Thus, as the tip reaches the apical two thirds, 
the coronal part is still being shaped. As a result, the file 
may work against itself in extracting debris from the 
tooth [1].

It has been reported that the greater the cross-sectional 
area is, the more flexural and torsional stiffness, in this 
way, file design (cross-sectional shape, diameters of core, 
etc) will significantly affect the torsional and bending 
(hence, fatigue) resistance.

Waveone

These files have left handed threads instead of usual right 
handed threads and reversed helix so CCW rotations 
engage the file whereas CW rotation disengages the 
file the tips are modified (non-cutting) to follow canal 
curvature precisely. The variable pitch flutes along 
the length of the instrument significantly improve 
safety. CCW rotation facilitates forward movement of 
the instrument, engaging and cutting the dentine. CW 
movement disengages the instrument from the dentine 
even before it can lead to taper lock into the canal [14-16].

As the instrument begins to rotate in one direction 
(usually the larger angle) it cuts and becomes engaged 
into the canal wall then it disengages in the reverse 
direction (usually with the smaller angle) and the 
stresses are eventually reduced [29].

Another advantage of forward reciprocating motion 
over continuous rotation is that it may reduce root canal 
irregularity [17].

ProTaper Next (PTN) (Dentsply Sirona) is a rotary root 
canal-shaping system made up of of M-Wire NiTi, having 
a bilateral symmetrical rectangular cross-section, with 
an offset from the central axis of rotation (except in the 

the performance and resistance to failure of NiTi 
instruments. The original Giromatic handpiece (Micro 
Mega, Besanc¸on, France) and the more recent M4 motor 
(SybronEndo) have the same angles in CW and CCW, 
whereas the Tecnika motor (ATR, Pistoia, Italy), which 
was used, has a specific reciprocating movement with a 
CW angle that is approximately twice as large as that of 
the CCW.

Vertical (in-out) only reciprocation like Racer (Cardex, 
Austria) and Self-Adjusting file (ReDent Nova, Israel)[50].

Complete reciprocation-Horizontal: There is no 
completion of any rotations and also no vertical 
movements [51-53]. Giromatic (MicroMega), M4 Safety 
hand piece (Sy-bronEndo). This type of reciprocation 
can be defined as complete oscillating reciprocation, 
similar to the classic watch-winding movement used 
with manual SS files [54-57].

Complete reciprocation with vertical oscillations: 
Canal-Finder (Fa. Societe Endo Technique, Marseille, 
France) introduced by Lévy. Reciprocating handpieces, 
vertical stroke handpieces were introduced. The range 
of the stroke was inversely related to opposition during 
instrumentation [58-61]. If a forward motion (i.e., toward 
the apex) was not possible (it would stop in the canal), a 
90 degree horizontal rotational RM would substitute the 
vertical stroke.

Partial reciprocation: Complete rotations completed, 
dependent on dissimilar angles of reciprocation. Edge 
One Fire (EdgeEndo) and Wave-One Gold (Dentsply 
Sirona [46].

Hybrid reciprocation [23,24,30]: TF Adaptive System 
(Sybron-Endo) that can interrupt continuous rotation 
(CR) (600° CW cutting motion) with 50° CCW movement 
depending on whether undue torsional stresses are 
detected. The innovative automatically adapts to 
instrumentation stress. Studies have reported higher 
fatigue resistance than Reciprocating files. T. F Adaptive 
files significantly produced the least transportation and 
a better centering ratio.

Bacterial reduction [21,36]: Both single-file 
reciprocating systems and rotary systems were effective 
in reducing more than 95% of endotoxin contents 
from root canals that were primarily infected with no 
significant statistical differences between them found in 
the baseline samples. In addition, different tip sizes and 
tapers has been reported to result in similar bacterial 
counts [56].

Maintenance of root canal anatomy [45]: The amount 
of dentine to be removed in cervical and medium thirds 
should be sufficient enough to allow irrigating solutions 
to access and reach the apical third. At the apical third, 
particularly at the foramen, preparation should not cause 
iatrogenic errors like deviation or zipping and even 
perforations. Centering ability of file is determined by 
instrument design (taper, flexibility and cross-section).

Dentinal defects/cracks [38,44,49]: The total volume 
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last 3 mm of the instrument (D0–D3), allowing it to go 
through a rotational situation known as precession or 
swagger. In terms of mechanical properties, ProTaper 
files have a convex, triangular cross-section and due to 
variable taper along their cutting blade as well as the 
presence of sharp edges (with positive cutting angles 
around 60° in size), they have a tendency to remove 
more dentin from the external wall of the curved canals. 
Such a tendency for proceeding in a straight path, in 
combination with lower flexibility than WaveOne Gold, 
explain further deviation from the canal curvature.

There are many variations of rotary motion, which 
includes complete reciprocation (oscillation), partial 
reciprocation (rotational effect), and hybrid reciprocation 
(combined movements). Hybrid reciprocation could be 
fixed or flexible (i.e., they can move from one kind of 
reciprocation to the other in the canal depending upon 
mechanical resistance and torque) [11,12]. Also, the 
angle of clockwise and counterclockwise rotation varies 
with different files. This situation might also influence 
the cyclic fatigue resistance of reciprocating files [18].

The hand files have reverse-cut triangular flutes and the 
rotary files have clockwise ‘U-blade’ flutes. The push-
pull movement of a file requires the more horizontal 
flute orientation to pull cleaved dentin from the canal. 
Once these horizontal flutes are engaged with a rotary or 
reciprocating motion, their ability dramatically reduces 
because they are removing very less dentin while 
engaging the tooth far more. Greater engagement does 
not necessarily mean greater efficiency.

Left-leaning flutes; hence, the cutting direction for both is 
clockwise. One difficulty that can occur with this design 
is the transportation of dentin debris into the apical area, 
instead of moving debris coronally. Clinically, frequent 
careful removal of debris from the cutting blades with a 
moist gauze is suggested. Angle of rotation clockwise is 
less than anticlockwise to avoid screwing in effect.

Generation of NiTi files

First generation: NiTi files in usually have passive cutting 
radial lands and constant tapers of 4 and 6 per cent 
along the length of their active cutting blades. The main 
drawback of this generation of NiTi rotary instruments is 
the need for more files to reach these goals and difficulty.
eg. LightSpeed Endodontics (1992), Profile-Dentsply 
(1993), Quantec-SybronEndo (1996), and GT system-
Dentsply (1998) [8,15,16].

Second generation

They have active cutting edges and thus require fewer 
instruments to prepare a canal fully. Many second 
generation systems had positive rake angles which had 
considerable cutting efficiency. NiTi files of this type are 
ProTaper rotary files, K3 system, Mtwo, Hero Shaper, 
EndoSequence, and BioRaCe.

Third generation

Recently, a new NiTi wire (termed M-Wire) has been 
developed through a proprietary thermomechanical 

processing procedure and showed significantly 
improved cyclic fatigue resistance on endodontic rotary 
instrument products (GT series X and ProFile Vortex 
[Dentsply Tulsa Dental, Tulsa, OK]) in comparison with 
those made of regular superelastic NiTi alloys. According 
to the latest study on the metallurgical characterization 
of M-Wire), M-Wire contains all 3 crystalline phases, 
including deformed and microtwinned martensite, 
R-phase, and austenite.

Fourth generation

The use of reciprocating motion was shown to ultimately 
increase the life span of NiTi instruments in comparison 
with continuous rotation The recommendation for single 
use has the extra benefit of reducing instrument fatigue, 
which is an even more significant with WaveOne files, as 
one file does the work traditionally performed by three 
or more rotary NiTi files [33].

Fifth generation: Offset cross-sectional design

The offset designed files form a mechanical wave of 
motion that distributes along the entire length of the NiTi 
file which better preparation and bring out the debris 
in contrast with a centered mass rotating instrument. 
Moreover, this offset design decreases the taper lock 
or the screwing effect which can lead to instrument 
separation [11-13].

Combined movements (centric rotary + 
reciprocating)/ adaptive motion

When the amount of stress on the file is minimal, the file 
uses continuous rotation. Once it runs upon dentin and a 
load is applied, its motion changes to reciprocating. The 
idea behind this is that this adaptive motion and twisted 
file design improves the flexibility of the instrument 
and permits the file to adapt to intracanal torsional 
forces, based on the amount of pressure load on the file 
[3,4,6,17-19].

Eccentric rotary motion

Few systems, because of the characteristics of their 
instruments, spin eccentrically or asymmetrically (i.e., 
the rotational axis is off-center). The file design has an 
asymmetric cutting axis. An eccentric NiTi file can cut 
marginally outside of its central axis of rotation and 
needs lesser torque because the flutes while cutting can 
disengage through the axis of the canal, and all cutting 
edges are not engaged simultaneously [7,19-21].

Self-adjusting file (SAF)

The SAF is a file which is hollow designed as a compressible, 
fragile-walled pointed cylindrical either 1.5 or 2.0 mm 
in diameter made up of 120- mm-thick nickel-titanium 
lattice. It is operated with a special RDT handpiece-head 
and an irrigation pump (either the VATEA pump or the 
all-in-one EndoStation unit) that delivers a continuous 
flow of irrigant through the hollow file. This instrument 
is driven with reciprocational vibratory handpieces. It 
adapts itself to the shape of a canal both longitudinally 
and along the cross-section [19,20].
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CONCLUSION

Regardless of the instruments used for canal preparation 
the canal has to be prepared the canal circumferentially 
and ideal amount of dentin must be removed to remove 
as much as infection possible by canal preparation. The 
debris should not be taken beyond the apex to avoid post-
operative pain. Reciprocating files have the advantage 
of reduced file separation and better circumferential 
canal preparation and reduced chances of unprepared 
surfaces on the walls of the canal. No instrument is 
ideal for root canal preparation. The astute clinical 
should choose the best system suitable depending upon 
the anatomy, working length, status of the pulp and 
canal. Studies have shown that the fatigue resistance of 
reciprocating files is more than continuous rotation files 
and the chances of fracture will be eventually less, but 
there is more extrusion of debris with reciprocating files. 
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