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Root canal preparation with only one nickel-titanium instrument used in reciprocation has been
recently introduced. New endodontic systems using this concept, such as Reciproc and WaveOne,
have also been developed. The purpose of this review was to identify publications regarding the
evaluation, to present comprehensive and critical summaries of current knowledge, and to provide

an update of the single file reciprocating concept.
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Introduction

Different techniques of root canal preparation have
been described in the related literature. Stainless
steel instruments have been traditionally used for
the canal preparation. Presently, the use of nickel-
titanium instruments engine-driven in continuous
rotation is widely accepted. Endodontic instruments
have also been used in rotational or axial recipro-
cation or a combination of both movements?. In-
terestingly, the combination of axial and rotational
reciprocation was firstly introduced in 1928 (Cur-
sor Filing Contra-Angle; W & H, Biirmoos, Austria)
followed by axial reciprocation in 1958 (Racer; W
& H) and rotational reciprocation (Giromatic; Micro
Méga, Besancon, France) in 19641. Since then, sev-
eral handpieces were developed to drive the endo-
dontic instruments in a reciprocal movement'. How-
ever, concerns were raised about the shaping ability
of endodontic files used in reciprocation with these
engine-driven devices in many studies’.

In 1985, Roane et al introduced the balanced
force technique using instruments in rotational recip-

rocation for the preparation of curved root canals?.
They were the first to report the use of hand files
with unequal clockwise and counter-clockwise
movements in reciprocation. The efficacy and the
safety of this technique were questioned considering
the relatively high incidence of procedural compli-
cations, such as instrument fracture and root per-
forations3-6. However, numerous reports indicated
good results were obtained with this technique for
the preparation of curved canals without or with
only minimal straightening, rekindling the interest
in rotational reciprocation for canal preparation’-19.
Consequently, handpieces using 'rotational recipro-
cation’ (referred to as Reciprocation/Reciprocal in
the text) systems were introduced such as the M4
(SybronEndo, Orange, CA, USA)20, the Endo-Eze
AET (Ultradent Products, South Jordan, UT, USA)
and the Endo-Express (Essential Dental Systems,
South Hackensack, NJ, USA)21. The results on the
shaping ability of curved canals with these recipro-
cating systems were not encouraging2022.23,

In 2008, Yared introduced engine-driven single
file reciprocation for the preparation of curved
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canals. He reported good clinical results?4. He used
an F2 ProTaper instrument (Dentsply Maillefer,
Ballaigues, Switzerland) in reciprocation with une-
qual clockwise (CW) and counter-clockwise (CCW)
movements. The F2 ProTaper instrument was driven
by an ATR motor (ATR, Pistoia, Italy). Studies con-
ducted on the single file reciprocation technique
with the F2 ProTaper instrument showed promising
results with this technique. The interest in reciproca-
tion was renewed, however, the ATR motor was dis-
continued. In 2010, Dentsply introduced two single
file (rotational) reciprocation systems, Reciproc2>
(VDW, Munich, Germany) and WaveOne2¢ (Dent-
sply Maillefer) based on the concept developed by
Yared24. Many articles were published on single file
reciprocation since the introduction of these two sys-
tems to the market.

The instruments, their design, the technique of
canal preparation and the rationale of using a single
engine-driven file in reciprocation were described in
detail for Reciproc?> and WaveOne26. The instru-
ments in both systems are driven with a reciprocating
motor. The angles of rotation are unequal and lower
than the angle at which the elastic limit of the metal
composing the instrument develops. Consequently,
torsional stress would be reduced and safety would
be enhanced. The benefits of single file reciprocation
are: shorter working time; shorter learning curve; re-
duction of number of instruments required to obtain
a desired shape; simplicity (reduction of the number
of steps for the canal preparation); and safety with
regards to instrument fracture and procedural errors.
An additional advantage specific to the Reciproc
system is its efficiency in the removal of obturating
materials, including plastic-carrier based obturations
similar to Thermafil?5 (Tulsa Dental Specialties, Tulsa,
OK;, USA). Also, Yared claimed that the creation of a
glide path is not required in the majority of the canals
prior to using a Reciproc instrument in reciproca-
tion25; therefore, it was expected that the incidence
of procedural errors resulting from the use of small
hand files in narrow canals will be reduced.

Hulsmann27 stated: “A review can be an im-
portant source of knowledge if written with a critical
perspective. However, it does not make sense to
collect and condense invalid and useless data. More-
over, it would be of utmost value and would suggest
important avenues for further research if reviews in
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future focused on the most critical.and pertinent
gaps in knowledge. Reviews evaluating'the benefits
and shortcomings of current research methods and
technology would also be of importance”.

The present article presents a comprehensive,
critical summary of current knowledge and litera-
ture concerning Reciproc and WaveOne single file
(rotational) reciprocation.

Single file reciprocation and
cyclic fatigue

When used in curved canals, an instrument is sub-
jected to cycles of compressive and tensile stresses
caused by the repeated bending of the instrument
in the canal curvature. In addition, the instrument
is subjected to torsional fatigue resulting from the
repeated stresses in torsion during the frequent en-
gagement of the root canal walls and continuous
dentine cutting. With extended use, the stresses ac-
cumulate, leading to torsional and flexural fatigue
and weakening of the instrument, and ultimately
fracture.

Several studies?8-41, except for one#?, have
shown that reciprocation extends the flexural cyclic
fatigue life of the tested instruments in comparison
with continuous rotation. However, these results are
not clinically relevant with regards to single file recip-
rocation for at least two reasons. First, in continuous
rotation, multiple instruments are used to prepare a
canal. The use of these instruments in a sequential
manner would reduce the stresses to which these
instruments are subjected. In single file reciproca-
tion, only one instrument is used; stresses on the
instrument would be expected to be higher than
the stresses on each of the instruments used in con-
tinuous rotation. It is noteworthy that the WaveOne
and Reciproc single file reciprocating instruments are
intended for single use. Second, these studies did not
include an evaluation of torsional fatigue. Flexural
and torsional fatigue might be inter-dependent. For
example, the changes in the physical properties of
an instrument subjected to flexural fatigue might
also affect the torsional fatigue resistance of the in-
strument.

Future research should evaluate the influence of
canal preparation (using standardised teeth models)
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with single file reciprocation and continuous rota-
tion on different parameters, such as the number
of cycles to fracture, the torque at fracture, and the
angle at fracture.

Interestingly, all four studies34.36.39.41 comparing
the flexural fatigue resistance of WaveOne and Re-
ciproc instruments found that the latter performed
better. The difference between both instruments was
attributed to the cross section, and the reciproca-
ting movement (angles and speed of reciprocation).
Studies done on different engine-driven instruments
showed that the parameters of the reciprocating
movement affected flexural fatigue28-30.37,

Single file reciprocation, without or
with a minimal glide path, and shaping
ability

A glide path is a minimal canal enlargement required
before the use of rotary instruments in continuous
rotation to minimise the incidence of binding and
torsional fracture. For example, a glide path with a
size 20 file is required for the safe usage of ProTaper
instruments43.

The WaveOne instrument was claimed to be
able to safely and completely prepare a canal with
only one instrument following the creation of a small
path with a size 10 file26. One of the claims of the
Reciproc single file reciprocation system is that the
creation of a glide path is not required to reach the
working length in the majority of the canals, regard-
less of the severity of the curvature25. This would
help to reduce canal aberrations and procedural er-
rors usually encountered with the use of hand files
to create a glide path44.

Also, some authors#546 consider that single
file reciprocation is a modification of the balanced
force technique’, which allows the preparation of
severely curved canals with large and rigid stain-
less steel hand instruments. Yet, concerns were
raised regarding the shaping ability of Reciproc and
WaveOne instruments, considering that these in-
struments are relatively large and are used in curved
and narrow canals without any prior instrumenta-
tion or following a minimal canal preparation with
a size 10 hand file.

De-Deus et al4” showed that 80% of canals with
a moderate to a severe curvature could be prepared

with a Reciproc instrument without a glide path. The
Reciproc instrument was able to reach the requisite
length in 67 % of the canals, in which a size 10 K-file
had been previously unable to penetrate. In a similar
situation, an attempt to create a glide path with hand
files will likely lead to procedural errors, especially
with inexperienced operators#4. They attributed the
efficacy of the no glide path concept to the angles
used in reciprocation, and the flexibility and the cut-
ting ability of the Reciproc instruments.

Several studies#5:46:48-53 have evaluated the de-
gree of canal transportation, preparation time, the
occurrence of canal aberrations and the incidence of
instrument fracture associated with the Reciproc and
WaveOne systems. Different methodologies were
used to compare the single file reciprocating systems
to instruments used in continuous rotation. The re-
sults showed that single file systems, Reciproc and
WaveOne, performed at least equally to the rotary
multiple file systems. However, the manufacturers’
recommendations with regards to the use of Recip-
roc and WaveOne instruments were not followed:;
all the studies were done on canals after the crea-
tion of a glide path with a size 15 file, or on canals in
extracted teeth or resin blocks that had a diameter
compatible with 1SO size.

Interestingly, only one study compared experi-
enced and inexperienced operators#?. They showed
that the canal preparation by inexperienced opera-
tors with Reciproc required less time compared to
experienced operators using multiple Twisted File
instruments (SybronEndo, Orange, CA, USA).

Future studies should evaluate the shaping ability
and the efficacy (ability to reach the working length)
of single reciprocation without or with a minimal
glide path in accordance with the manufacturers’
instructions. Sufficient data should be included in
the published articles to allow the reproduction of
studies and comparisons between studies. Studies
should not be carried on resin blocks2” because the
behaviour of instruments in resin blocks might differ
to dentine®4. The concept of single file reciproca-
tion without or with a minimal glide path could be
interesting from a teaching perspective because it
could reduce the learning curve by simplifying the
canal preparation procedure30. Therefore, it is also
important to compare the learning curve and the
incidence of procedural errors between single file
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reciprocation, and single and multiple file continuous
rotation during canal preparation52 performed by
inexperienced operators and students.

The canal preparation of the MB2 canal in a max-
illary molar is challenging®> considering the com-
plexity of the canal anatomy56 and the presence
of calcifications®” mainly in the coronal third of the
canal. Yared?5 suggested the use of the R25 Reciproc
instrument without a glide path for the preparation
of MB2 canals in maxillary molars. He discussed the
benefits of this approach compared to traditional
techniques for the management of the MB2 canal.
The efficiency of the Reciproc instrument in the man-
agement of MB2 canals should also be investigated
considering the possible advantages this approach
would offer as discussed by Yared25.

Single file reciprocation and dentinal
defects

The current standards require the use of instruments
in a sequential manner to shape the canal. The use
of a single file without or with a minimal glide path
to completely prepare a canal to a desired shape
raised concerns about the stresses generated and
the possible formation of dentinal defects during the
preparation procedure.

Only two studies®8:59 have compared the pres-
ence of dentinal defects and microcracks following
canal preparation with single file reciprocation (Re-
ciproc and WaveOne), and single and multiple file
continuous rotation.

Blrklein et al®® found that Reciproc and
WaveOne instruments resulted in significantly
more microcracks in the apical level than multiple
file rotary systems. However, flaws in the methodol-
ogy could have affected the results. It was not clear
whether the preparation technique recommended
by the manufacturer of Reciproc was followed®0:
"“A slow in-and-out pecking motion. The amplitude
of the in-and-out movements should not exceed
3mm. Only very light pressure should be applied".
In the study of Burklein et al58, the Reciproc was
used with a slow in and out pecking motion; they did
not make any reference to the amount of pressure
applied or to the amplitude of the pecking motion.
For example, a greater pecking amplitude in the
inward direction might increase instrument binding
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in the canal, which would result in the generation of
an excessive stress. Also, the authors did:not follow
the recommendations of the manufacturer-regard-
ing the use of the Reciproc instrument®': prior to
using the R40 Reciproc instrument, a hand file size
20 should go passively and directly to the work-
ing length with a gentle watch winding movement
but without a filing action. The protocol used by
the authors could have resulted in the inclusion of
canals not large enough for the safe usage of the
R40 instrument. Similarly, it did not appear that a
size 20 hand file could reach the working length
passively prior to using the WaveOne size 40 ac-
cording to the manufacturer's instructionsé2. Also,
in their study, the largest rotary instruments used
at working length had a smaller taper compared to
Reciproc and WaveOne.

Liu et al5? showed that Reciproc and the Self Ad-
justing File (ReDent Nova, Ra'anana, Israel) caused
less dentinal defects compared to single and mul-
tiple file rotary instruments. They attributed these
results to the reciprocating movement considering
that more dentinal defects occurred after a rotary
instrument with a smaller taper was used to the
working length. However, the Reciproc technique
was not applied according to the manufacturer's
instructions: the coronal third of the canals was en-
larged with a Gates Glidden drill and a glide path
with a size 15 file was created prior to using the
Reciproc instrument.

Future studies should evaluate the formation of
microcracks following the use of the Reciproc and
WaveOne instruments according to the instructions
recommended by the manufacturers, and without
or with a minimal glide path. The larger instruments
(for example, the Large WaveOne and the R50
Reciproc) should be included in these investigations.
Also, the use of finite element analysis models al-
lowing the inclusion and the control of different
variables should be used to evaluate the stresses
generated with single file reciprocation under dif-
ferent conditions.

Single file reciprocation and apical
extrusion of debris

Blrklein and Schéferé3 demonstrated, in vitro, that
multiple file rotary systems were associated with
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less apical extrusion of debris compared to single
file reciprocating systems. The authors mentioned
that the initial size of the canals was equal to size
20. The determination of the canal size was not
clearly described. The manufacturers of Reciproc and
WaveOne recommended that a size 20 file goes pas-
sively to the working length, without any hand filing
(for Reciproc), prior to using the size 40 reciprocating
instruments.

In another study®4, apically extruded debris and
irrigant was produced equally with the R40 Reciproc
instrument (size 40 and 0.06 mm/mm taper over
3mm from the tip) and the Mtwo full-sequence re-
treatment rotary instruments provided an adequate
test apparatus was used. However, they only used
the R40 against the recommendations of the manu-
facturer which require using the smaller R25 Re-
ciproc instrument (size 20 and 0.06 mm/mm taper
over 3 mm from the tip) to the full working length
followed by the R40%5 and which could result in less
debris extruded beyond the apex.

Moreover, the validity and clinical significance of
similar studies®3.64 have been recently questioned
considering the shortcomings of the methodology®®.

Neuropeptides, inflammatory process mediators,
can be released from C-type nerve fibres present in
the periapical tissues when stimulated by extruded
debris and irrigantsé”. A recent in vivo study has
shown that the neuropeptide levels following canal
preparation with Reciproc were similar to the levels
observed in a negative control group (no canal prep-
aration) and lower than the levels expressed follow-
ing the use of WaveOne®8. The authors attributed
the differences between Reciproc and WaveOne to
the instrument design. The instrument kinematics
did not appear to influence the amount of debris
extruded apically®9.70.

Future studies should evaluate the release of
neuropeptides and other inflammatory mediators,
the incidence of flare-ups, and the incidence and the
quality of postoperative pain associated with the use
of single file reciprocation strictly as recommended
by the manufacturers for initial treatments and re-
treatments.

Single file reciprocation and cleaning
ability

The results obtained from different studies were con-
troversial. One study showed that a full-sequence
rotary system resulted in cleaner canals than with
WaveOne’1. However, the methodology was ques-
tionable because the irrigation parameters such as
volume and time of irrigation were not controlled’2.
The other studies showed that the main canal clean-
liness was comparable for both systems45.73.74,
Dietrich et al”3 demonstrated that the SAF and K3
(SybronEndo, Orange, CA, USA) files performed
significantly better than the WaveOne with respect
to isthmus cleanliness. However, this difference
might be related to variations in isthmus width and
length, among the teeth included in the experimen-
tal groups, which cannot be standardised.

Future studies should be conducted with an ir-
rigation protocol standardised among the experi-
mental groups. Irrigation techniques such as passive
ultrasonic irrigation, which is more efficient than
conventional needle irrigation, should be used for
the comparison of canal cleanliness between single
file reciprocation and rotary instrumentation.

Single file reciprocation significantly reduces the
working time compared to multiple-file rotary sys-
tems45.50.64_ A longer final irrigation/exposure to the
irrigant would be possible with single file recipro-
cation compared to a full-sequence rotary instru-
mentation for a similar appointment duration and
would warrant investigating its influence on canal
cleanliness.

Single file reciprocation and bacterial
elimination

The simplification of the canal preparation process
and the shorter working time associated with single
file reciprocation have raised concerns about its abil-
ity to disinfect the root canal space.

The antibacterial activity of the single file recip-
rocation technique was comparable with the con-
ventional rotary techniques and the Self Adjust-
ing File in regular and oval shaped canals?2.75-77,
However, those studies were performed in vitro.
Considering the complexity and the nature of the
endodontic flora, the bacterial elimination ability
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of single file reciprocation should be evaluated in
clinical studies.

Single file reciprocation and root canal
retreatment

The manufacturer claimed that Reciproc instruments
could be used efficiently for root canal retreatment
procedures®>.

It was also stated that a solvent might not be
required during the retreatment procedures with
Reciproc?5. The use of a solvent led to more gutta-
percha and sealer remnants on root canal walls and
inside dentinal tubules’8-80 making the removal of
the obturating material more difficult and time-con-
suming.

Zuolo et al®! found that the Reciproc was more
effective in removing obturation material than the
Mtwo (VDW, Munich, Germany) retreatment rotary
instruments. A solvent was used with both systems.
Reciproc was also faster than the Mtwo retreatment
instrumentsé4.81 despite the non-use of a solvent in
the study by Lu et al. The longer working time with
the rotary retreatment system was attributed to the
time spent changing instrumentsé4.

Conclusions

The present review showed that the concept of root
canal preparation with only one file used in recipro-
cation is promising. However, this review of the cur-
rent publications demonstrated the need to improve
the experimental protocols to allow comparisons
between studies?’. Important aspects of this new
concept still have to be evaluated. The technique of
canal preparation recommended by the manufac-
turers should be strictly followed in future studies
evaluating single file reciprocation. The assessment
of different treatment variables should not be limited
to in vitro studies. For example, the use of hand files
to create a glide path may result in procedural errors
that would affect the outcome, whereas canal prep-
aration without a glide path may result in a higher
incidence of apically extruded debris that may also
impact the outcome. Outcome studies of root canal
treatments performed with single file reciprocation
are necessary.

ENDO (Lond Engl) 2013;7(3):171-178

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

References

Hilsmann M, Peters OA, Dummer PMH._Mechanical
preparation of root canals: shaping goals, techniques and
means. Endodontic Topics 2005;10:30-76.

Roane JB, Sabala CL, Duncanson MG Jr. The ‘balanced
force’ concept for instrumentation of curved canals.
J Endod 1985;11:203-211.

Benenati FW, Roane JB, Biggs JT, Simon JH. Recall evalua-
tion of iatrogenic perforations repaired with amalgam and
gutta-percha. J Endod 1986;12:161-166.

Sabala CL, Roane JB, Southard LZ. Instrumentation of
curved canals using a modified tipped instrument: a com-
parison study. J Endod 1988;14:59-64.

Shahid DB, Nicholls JI, Steiner JC. A comparison of curved
canal transportation with balanced force versus Lightspeed.
J Endod 1998;24:651-654.

Short J, Morgan L, Baumgartner J. A comparison of
canal centering ability of four instrumentation techniques.
J Endod 1997;23:503-507.

Roane JB, Sabala CL, Duncanson MG Jr. The ‘'balanced
force’ concept for instrumentation of curved canals.
J Endod 1985;11:203-211.

Baumgartner JC, Martin H, Sabala CL, Strittmatter EJ, Wil-
dey WL, Quigley NC. Histomorphometric comparison of ca-
nals prepared by four techniques. J Endod 1992;18:530-534.
Peters OA, Schodnenberger K, Laib A. Effects of four NiTi
preparation techniques on root canal geometry assessed by
micro computed tomography. Int Endod J 2001;34:221-230.
Leseberg DA, Montgomery S. The effects of Canal Master,
Flex-R, and K-Flex instrumentation on root canal configura-
tion. J Endod 1991;17:59-65.

Southard DW, Oswald RJ, Natkin E. Instrumentation
of curved molar root canals with the Roane technique.
J Endod 1987:13:479-489.

Royal JR, Donnelly JC. A comparison of maintenance of
canal curvature using balanced-force instrumentation with
three different file types. J Endod 1995:21:300-304.
Backman CA, Oswald RJ, Pitts DL. A radiographic compari-
son of two root canal instrumentation techniques. J Endod
1992;18:19-24.

Saunders WP, Saunders EM. Effect of noncutting tipped
instruments on the quality of root canal preparation using a
modified double-flared technique. J Endod 1992;18:32-36.
Powell SE, Simon JH, Maze BB. A comparison of the effect
of modified and nonmodified instrument tips on apical
canal configuration. J Endod 1986;12:293-300.

Powell SE, Wong PD, Simon JH. A comparison of the ef-
fect of modified and nonmodified instrument tips on apical
canal configuration: Part Il. J Endod 1988;14:224-228.
Sepic AO, Pantera EA, Neaverth EJ, Anderson RW. A com-
parison of Flex-R files and K-type files for the enlargement
of severely curved molar root canals. J Endod 1989;15:240—
245,

Swindle RB, Neaverth EJ, Pantera EA, Ringle RD. Effect of
coronal-radicular flaring on apical transportation. J Endod
1991;17:147-149.

Hata G, Uemura M, Kato AS, Imura N, Novo NF, Toda T.
A comparison of shaping ability using ProFile, GT file, and
Flex-R endodontic instruments in simulated canals. J Endod
2002;28:316-321.

Lloyd A, Jaunberzins A, Dhopatkar A, Bryant S, Dum-
mer PM. Shaping ability of the M4 handpiece and Safety
Hedstrom Files in simulated root canals. Int Endod J
1997;30:16-24.

Musikant BL, Cohen BI, Deutsch AS. Comparison instru-
mentation reamers and files versus a flat-sided design of
conventional noninterrupted, flat-sided design. J Endod
2004;30:107-109.



Yared / Ramli Single file reciprocation: A literature review

177

22.

23.

24.

25.
26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Paqué F, Barbakow F, Peters OA. Root canal preparation
with Endo-Eze AET: changes in root canal shape assessed by
micro-computed tomography. Int Endod J 2005;38:456-464.
Rhodes SC, Hilsmann M, McNeal SF, Beck P, Eleazer PD.
Comparison of root canal preparation using reciprocating
Safesiders stainless steel and Vortex nickel-titanium instru-
ments. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2011;111:659-667.

Yared G. Canal preparation using only one Ni-Ti rotary
instrument: preliminary observations. Int Endod J 2008;41:
339-344.

http://endodonticcourses.com/literature.
http://www.tulsadentalspecialties.com/.

Hulsmann M. Research that matters — canal preparation,
retreatment and working length studies. Int Endod J
2013;46:293-295.

Varela-Patifio P, Ibafiez-Parraga A, Rivas-Mundifia B, Can-
tatore G, Otero XL, Martin-Biedma B. Alternating versus
continuous rotation: a comparative study of the effect on
instrument life. J Endod 2010;36:157-159.

You SY, Bae KS, Baek SH, Kum KY, Shon WJ, Lee W. Lifes-
pan of one nickel-titanium rotary file with reciprocating
motion in curved root canals. J Endod 2010;36:1991-1994.
De-Deus G, Moreira EJ, Lopes HP, Elias CN. Extended cyclic
fatigue life of F2 ProTaper instruments used in reciprocating
movement. Int Endod J 2010:43:1063-1068.

Wan J, Rasimick BJ, Musikant BL, Deutsch AS. A com-
parison of cyclic fatigue resistance in reciprocating and
rotary nickel-titanium instruments. Aust Endod J 2011;37:
122-127.

Akisue E, Candeiro GTM, Gavini G. Resistance to cyclic
fatigue of Reciproc files under continuous and reciprocating
movement. J Endod 2012;38:e49 (abstract 67).

Candeiro GTM, Akisue E, Gavini G. Resistance to cyclic
fatigue of nickel-titanium rotary instruments Reciproc and
Mtwo. J Endod 2012;38:e49 (abstract 68).

Kim HC, Kwak SW, Cheung GSP, Ko DH, Chung SM, Lee
WC. Cyclic fatigue and torsional resistance of two new
nickel-titanium instruments used in reciprocation motion:
Reciproc versus WaveOne. J Endod 2012;38:541-544.
Gavini G, Caldeira CL, Akisue E, de Miranda Candeiro GT,
Kawakami DAS. Resistance to flexural fatigue of Reciproc
R25 files under continuous rotation and reciprocating
movement. J Endod 2012;38:684-687.

Arias A, Perez-Higueras JJ, de la Macorra JC. Differences
in cyclic fatigue resistance at apical and coronal levels of
Reciproc and WaveOne new files. J Endod 2012;38:
1244-1248.

Gambarini G, Rubini AG, Al Sudani D, et al. Influence of differ-
ent angles of reciprocation on the cyclic fatigue of nickel-tita-
nium endodontic instruments. J Endod 2012;38:1408-1411.
Castello-Escriva R, Alegre-Domingo T, Faus-Matoses V,
Romén-Richon S, Faus-Lla VJ. In vitro comparison of cyclic
fatigue resistance of ProTaper, WaveOne, and Twisted files.
J Endod 2012;38:1521-1524.

Plotino G, Grande NM, Testarelli L, Gambarini G. Cyclic fa-
tigue of Reciproc and WaveOne reciprocating instruments.
Int Endod J 2012;45:614-618.

Gambarini G, Gergi R, Naaman A, Osta N, Al Sudani D.
Cyclic fatigue analysis of twisted file rotary NiTi instruments
used in reciprocating motion. Int Endod 2012;45:802-806.
Pedulla E, Grande NM, Plotino G, Palermo F, Gambarini G,
Rapisarda E. Cyclic fatigue resistance of two reciprocating
nickel-titanium instruments after immersion in sodium hy-
pochlorite. Int Endod J 2013;46:155-159.

Lee WC, Hwang Y-J, You SY, Kim HC. Effect of recipro-
cation usage of nickel-titanium rotary files on the cyclic
fatigue resistance. Aust Endod J; 20 Mar 2012. doi:
10.1111/j.1747-4477.2012.00352.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Ha JH, Park SS. Influence of glide path on the screw-in ef-
fect and torque of nickel-titanium rotary files in simulated
resin root canals. Restor Dent Endod 2012;37:215-219.
Pasqualini D, Bianchi CC, Paolino DS, et al. Computed micro-
tomographic evaluation of glide path with nickel-titanium
rotary PathFile in maxillary first molars curved canals. J Endod
2012;38:389-393.

Burklein S, Hinschitza K, Dammaschke T, Schéfer E. Shaping
ability and cleaning effectiveness of two single-file systems
in severely curved root canals of extracted teeth: Reciproc
and WaveOne versus Mtwo and ProTaper. Int Endod J
2012;45,449-461.

Yoo YS, Cho YB. A comparison of the shaping ability of
reciprocating NiTi instruments in simulated curved canals.
Restor Dent Endod 2012;37:220-227.

De-Deus G, Arruda TEP, Souza EM, et al. The ability of the
Reciproc R25 instrument to reach the full root canal work-
ing length without a glide path. Int Endod J; 2013 Feb 23.
doi: 10.1111/iej.12091.

Grande NM, Plotino G, Pecci R, et al. Micro-CT analysis of
root canal preparation using rotary and reciprocating NiTi
instruments. Int Endod J 2011;44:1198, abstract:R64
Muylle D, Claessens L, Kostelijk H, Slaus G, Bottenberg P.
Evaluation of Reciproc versus Twisted file preparations
by experienced and inexperienced operators ex vivo. Int
Endod J 2011;44:1199,abstract:R67

AbuHaimed AS, Dummer PMH, Bryant ST. Comparative
study of the canal shaping ability of reciprocating versus ro-
tary NiTi instruments in curved simulated canals. Int Endod
1 2012;45:1055 (abstract).

Yoon H, You S, Lee W. Micro-computed tomographic com-
parison of single-file technique with different reciprocating
cutting motions. J Endod 2012;38:e48,abstract:PR63.
Marzouk AM, Ghoneim AG. Computed tomographic
evaluation of canal shape instrumented by different kin-
ematics rotary nickel-titanium systems. J Endod 2013;39:
906-909.

Burklein S, Benten S, Schéfer E. Shaping ability of differ-
ent single-file systems in severely curved root canals of
extracted teeth. Int Endod J 2013;46:590-597.

Kum K, Spangberg L, Cha BY, Il-Young J, Seung-Jong L,
Chan-Young L. Shaping ability of three Profile rotary in-
strumentation techniques in simulated resin root canals.
J Endod 2000;26:719-723.

Ibarrola JL, Knowles K, Ludlow MO, McKinley IB Jr. Factors
affecting the negotiability of second mesiobuccal canals in
maxillary molars. J Endod 1997;23:236-238.

Verma P, Love RM. A Micro CT study of the mesiobuccal
root canal morphology of the maxillary first molar tooth. Int
Endod J 2011;44:210-217.

McCabe PS, Dummer PM. Pulp canal obliteration: an en-
dodontic diagnosis and treatment challenge. Int Endod J
2012;45:177-197.

Burklein S, Tsotsis P, Schafer E. Incidence of dentinal defects
after root canal preparation: reciprocating versus rotary in-
strumentation. J Endod 2013;39:501-504.

Liu R, Hou BX, Wesselink PR, Wu M-K, Shemesh H.
The incidence of root microcracks caused by 3 different
single-file systems versus the ProTaper system. J Endod;
in press.
http://www.vdw-reciproc.de/en/clinical-use/preparation.
html
http://www.vdw-reciproc.de/images/stories/pdf/
anwenderkarte_reciproc_en_WEB.pdf
http://www.dentsplymaillefer.com/#/218x624/218x7718/
line_218x7727/product_218x8642/

Burklein S, Schéfer E. Apically extruded debris with recipro-
cating single-file and full-sequence rotary instrumentation
systems. J Endod 2012;38:850-852.

ENDO (Lond Engl) 2013;7(3):171-178



178

Yared / Ramli

Single file reciprocation: A literature review

64.

65.

66.

67.

68.

69.

70.

71.

72.

LuY, WangR, Zhang L, LiHL, Zheng Q, Zhou XD, Huang DM.
Apically extruded debris and irrigant with two Ni-Ti systems
and hand files when removing root fillings: a laboratory study.
Int Endod J 2013 Mar 14. doi: 10.1111/iej.12104.
http://www.vdw-reciproc.de/en/clinical-use/retreatment.
html

Tanalp J, Giingér T. Apical extrusion of debris: a literature
review of an inherent occurrence during root canal treat-
ment. Int Endod J 2013 May 8. doi: 10.1111/iej.12137.
Caviedes-Bucheli J, Mufioz HR, Azuero-Holguin MM, Ul-
ate E. Neuropeptides in dental pulp: the silent protagonists.
J Endod 2008;34:773-788.

Caviedes-Bucheli J, Moreno JO, Carrefio CP, et al. The
effect of single-file reciprocating systems on Substance P
and Calcitonin gene-related peptide expression in human
periodontal ligament. Int Endod J 2013;46:419-426.
Caviedes-Bucheli J, Azuero-Holguin MM, Gutierrez-
Sanchez L. The effect of three different rotary instrumen-
tation systems on Substance P and Calcitonin gene-related
peptide expression in human periodontal ligament. J Endod
2010;36:1938-1942.

De-Deus G, Branddao MC, Barino B, Di Giorgi K, Fidel RA,
Luna AS. Assessment of apically extruded debris produced
by the single-file ProTaper F2 technique under reciprocating
movement. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2010;110:390-394.

Robinson JP, Lumley PJ, Cooper PR, Grover LM, Walms-
ley AD. Reciprocating root canal technique induces greater
debris accumulation than a continuous rotary technique as
assessed by 3-dimensional micro-computed tomography.
J Endod; in press.

Alves FRF, Rdgas IN, Almeida BM, Neves MAS, Zoffoli J,
Siqueira JF Jr. Quantitative molecular and culture analy-
ses of bacterial elimination in oval-shaped root canals
by a single-file instrumentation technique. Int Endod J
2012;45:871-877.

ENDO (Lond Engl) 2013;7(3):171-178

73.

74.

75.

76.

77.

78.

79.

80.

81.

Dietrich MA, Kirkpatrick TC, Yaccino JM! In vitro canal and
isthmus debris removal of the Self-Adjusting File, K3, and
WaveOne files in the mesial root of human®mandibular
molars. J Endod 2012;38:1140-1144.

Versiani MA, Leoni GB, Steier L, et al. Micro-computed
tomography study of oval-shaped canals prepared with
the Self-Adjusting File, Reciproc, WaveOne, and ProTaper
Universal systems. J Endod; in press.

Dagna A, Arciola CR, Visai L, et al. Antibacterial efficacy of
conventional and single- use Ni-Ti endodontic instruments:
an in vitro microbiological evaluation. Int J Artif Organs;
2012;35:826-831.

Machado MEL, Nabeshima CK, Leonardo MFP, Reis FAS,
Britto MLB, Cai S. Influence of reciprocating single-file
and rotary instrumentation on bacterial reduction on in-
fected root canals. Int Endod J 2013 Mar 16. doi: 10.1111/
iej.12108.

Basmaci F, Oztan MD, Kiyan M. Ex vivo evaluation of vari-
ous instrumentation techniques and irrigants in reducing E.
faecalis within root canals. Int Endod J 2013 Jan 25. doi:
10.1111/iej.12067.

Horvath SD, Altenburger MJ, Naumann M. Cleanliness of
dentinal tubules following gutta-percha removal with and
without solvents: a scanning electron microscopic study. Int
Endod J 2009;42:1032-1038.

Sae-Lim V, Rajamanickam I, Lim BK, Lee HL. Effective-
ness of ProFile.04 taper rotary instruments in endodontic
retreatment. Int Endod J 2000;26:100-104.

Kfir A, Tsesis |, Yakirevich E, Matalon S, Abramovitz I. The
efficacy of five techniques for removing root filling mater-
ial: microscopic versus radiographic evaluation. Int Endod J
2012;45:35-41.

Zuolo AS, Mello Jr JE, Cunha RS, Zuolo ML, Bueno CES.
Efficacy of reciprocating and rotary techniques for remov-
ing filling material during root canal retreatment. Int Endod
J; 2013 Feb 12. doi: 10.1111/iej.12085.



