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1 Preface by the designer

“l am delighted to contribute a preface for this “Scientific Manual - Reciproc® System.”

| developed the concept of canal
preparation utilizing only one
engine-driven file in reciprocation
with asymmetrical angles in 1999.
This approach was introduced
in 2008 in an article published
in the International Journal of
Endodontics [1]. This innovative
concept laid the foundation
for the launch of Reciproc® and
WaveOne® in 2010 and 2011, respec-
tively. It was introduced as a single
file system capable of shaping
the majority of calcified and curved
canals, and 2" mesio-buccal canals
in maxillary molars without a glide
path and without an initial scou-
ting. This novel approach was a
paradigm-shift teaching away from
conventional canal preparation

techniques in general, and speci-
fically the need of initial scouting
with small stainless-steel hand files
and glide path prior to using rotary
instruments for canal shaping. In
addition, it was in direct contrast
with conventional techniques with
regards to using only one instru-
ment instead of a series of 4-5
rotary instruments to complete the
shaping of a canal. Doubts were
raised about the ability of Reciproc®
to safely shape canals with only
one instrument without an initial
scouting and a glide path. Those
concerns were addressed in over
650 articles, published since the
introduction of Reciproc® exploring
various aspects such as debris
extrusion, micro-crack formation,

cleaning and disinfection capabili-
ties, the ability to reach length, and
incidence of instrument fracture.

This scientific manual serves as a
comprehensive compilation, dis-
tilling the most significant publi-
cations on the Reciproc® concept.
Beyond mere citation, it offers an
objective and in-depth discussion
of the available scientific evidence,
placing a particular emphasis on
methodologies where relevant.
Aimed at academicians, resear-
chers, and clinicians interested in
endodontics, and specifically canal
preparation, this work stands as an
indispensable source of information.

Prof. Ghassan Yared
Designer, Clinical
expert advisor during development




2 Reciproc® family description

Inspired to find a simpler and more
convenient safe way to successfully
prepare a root canal, Prof. Ghassan
Yared, at that time Professor of
the Endodontic Undergraduate
and Graduate Programmes at the
University of Toronto, started resear-
ching and testing mechanical reci-
procation with NiTi instruments. In
2008, he published a clinical article
on canal preparation using only
one engine-driven NiTi instrument
and joined together with VDW
(Dentsply Sirona) to start develo-
ping a system specifically to be
used in reciprocation. The idea of
Reciproc® was born.

Presented the first time in 2010
and finally launched in 20T,
Reciproc® introduced root canal
preparation with only one mecha-
nical instrument used in recipro-
cation, without a glide path (see
Figures 1, 2, 4). This new concept
was a paradigm shift. Constantly
striving for innovation, VDW
(Dentsply Sirona) developed a heat
treatment solution to bring more
flexibility to NiTi. Five years after
launching Reciproc®VDW (Dentsply
Sirona) presented Reciproc® Blue
in 2016 — an universal and flexible
instrument for the majority of cases
(see Figures 3 and 5).

Figure 1:

Reciproc® solution

(from top to bottom:
Reciproc® shaping file size R25,
Paper Point, Gutta Percha).

Figure 2:

SEM image of the S-shaped cross-section of a Reciproc® R25
instrument, showing the reciprocating motion (white arrows
and lines showing the counterclockwise motion and blue arrows
and line showing the clockwise motion)

Figure 3:
Reciproc® Blue solution
(from top to bottom:

Reciproc® Blue shaping file size
R25, Paper Point, Conform?® fit
Gutta Percha).



2 Reciproc® family description

All instruments are ready-to-use
sterile and have an ABS polymer
ring on the shank, also called the
“anti-reuse ring” that swells in case
of autoclaving at the dentist's office.
Thus, the instrument cannot be
reinserted in the contra-angle. The
benefit of such ring is to reduce the
risk of cross-contamination, ensure
maximum cutting efficiency and
safety margin (fatigue resistance
potential).

Reciproc® instruments are manu-
factured from NiTi alloy following
the M-wire thermomechanical
process, where NiTi wires are drawn
in the martensitic phase to the final
diameter and undergoes heat treat-
ments cycles under strain before

being grounded into the file shape
[12].

On the other hand, Reciproc® Blue
instruments are  manufactured
from standard NiTi wires, which are
worked by micro milling and finally
submitted to a proprietary post
machining “Blue” heat-treatment
offering the following clinical
advantages:

¢ Pre-bendableinstruments, which
can be useful when bypassing
ledges,

* Instruments with enhanced
fatigue resistance and flexibility
for optimized performance
in complex curvatures and root
canal anatomies...

.. when compared to other NiTi ins-
truments [12]. For more information
on thermomechanically treated NiTi
alloys, Zupanc et al. [2] and more re-
cently Chan et al. have published re-
views, emphasizing their properties,
the differences between the auste-
nite and the martensitic phase, and
the advantages of both phases from
a clinical perspective. In addition,
a section below, starting page 23,
summarizes the Niti phases found
in Reciproc® instruments at clinical
intracanal temperature.

16mm 13 mm 9mm 6mm 1-3 mm
@ ® ® @ ®
55% 8%
e
110 mm 4% 4% 4% 6%
W@» e
117 mm 4% 4% 4% 5%
- = —
16 mm 13 mm 9mm 6mm 1-3 mm
® ® ® @ ®
1,05 mm 3% 5%| 55% 8%

==

110 mm

==

1,17 mm

==

_—
—

4%

4%

4%

4%

EEEEE S

4%

4%

6 %

5%

Figure 4:

Reciproc® instruments,
size R25, R40 and R50

(In purple circles: ISO sizes).

Figure 5:

Reciproc® Blue instruments,
size R25, R40 and R50

(In purple circles: ISO sizes).



3 Key literature focus

The Reciproc® system was launched
worldwide in 2011 and the Reciproc®
Blue system later in 2016. So far,
more than 650 peer-reviewed scien-
tific papers have been published on
thisendodontic system, with various
topics of interest as shown in the
figure below, making Reciproc®
family one of the most extensively
studied NiTi treatment solutions in
the endodontic field.

This scientific manual provides a
synopsis of the key published re-
search findings on Reciproc® family
system with focus on performance
and safety aspects, defined as
fatigue resistance (mechanical pro-
perties), level of expertise required,
ability to reach working length,
shaping ability, quality of obturation,
clinical data on initial treatment
and retreatment. Each summary is
based on facts retrieved from the
original research article. For higher
scientific validity, articles were only
included if the research had been
performed on a sample size of =10
per group and published in journals
with Impact Factor (IF) > 3* . If further
inclusion criteria were defined,
these are listed below.

Fatigue resistance
(mechanical properties)................. 13

Includes all studies performed
using clinically relevant parameters
(37°C, presence of liquid) with com-
prehensive performance analysis
(Number of Cycles to Failure (NCF),
Scanning Electron  Microscopy
(SEM) and Differential Scanning
Calorimetry (DSC)), published in
journals with Impact Factor (IF) > 3*

Level of expertise required............ 25

Supporting the dentists in the
selection of the most appropriate
instrument, according to their level
of expertise, is explored in this
section, with one ex vivo study,
published in a journal with Impact
Factor (IF) > 3*

Ability to reach working length -
without scouting or glide path
creation 27

Includes studies of Reciproc® being
used as the only file for both scou-
ting and shaping steps, published
in journals with Impact Factor > 4*

Shaping ability 30

Shaping ability - without glide
path creation

Includes microCT studies on
extracted teeth, following the
Reciproc® family instructions for
use, published in journals with
Impact Factor (IF) > 4* Studies
using K-file larger than ISO 10 or
any gliders, or with bias metho-
dology are excluded.

Shaping ability and disinfection
Includes microCT studies com-
bined with histology analysis on
extracted teeth, following the
Reciproc® family instructions for
use, published in journals with
Impact Factor > 4*

Obturation quality........cocrrrrnenne. 37

Includes articles studying ex vivo
the filling ability of the Reciproc®
family, published in journals with
Impact Factor (IF) > 3*

* Impact factor means the yearly mean number of citations of articles published in the last two years in a given journal, reflecting the importance
of the journal in the field. For example, in Dentistry, the Journal of Endodontics, the International Endodontic Journal, or the Journal of Clinical

Medicine have an IF>4.

90

Others

Debris extrusion

Clinical data

Obturation

Retreatment

Expertise level

Shaping ability
& microcracks

Mechanical properties
& material sciences

Total number of publications

Number of scientific
papers published
after compilation of
this Scientific Manual,
July 2023
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Figure 6:

Total number of publications on the Reciproc® family from PubMed (key words : Reciproc (title/ abstract), on
June 30, 2023). “Other” category means publication on Reciproc® devices, publication not in English,
Reciproc® not used according to IFU, or studies using Reciproc® without focusing on it.



3 Key literature focus

Clinical results........oooecron 42

Initial treatment - randomized
prospective clinical studies
Includes randomized prospective
clinical studies on Reciproc® family
published in journals with Impact
Factor > 4*,

Retreatments - randomized pro-
spective clinical studies

Includes randomized prospective
clinical studies on Reciproc® family
published in journals with Impact
Factor > 4*

* Impact factor means the yearly mean number of citations of articles published in the last two years in a given journal, reflecting the importance
of the journal in the field. For example, in Dentistry, the Journal of Endodontics, the International Endodontic Journal, or the Journal of Clinical

Medecine have an IF>4.

Apical debris extrusion

Even though some researches also
focus on in vitro apical debris ext-
rusion studies, they were excluded
from this manual, as their study
models are mostly obsolete, not
incorporating the biological circum-
stances in which extrusion occurs [3].
Moreover, the available Reciproc®
clinical studies focusing on post-
operative pain (a potential clinically
relevant consequence of apical
debris extrusion) are reviewed in
the “clinical results” chapter.

Excluded studies

It's important to emphasize that
conclusions drawn from the exclu-
ded studies on all topics did not re-
veal any compromised performance
or safety when using Reciproc®
following the instructions for use.

3.1 Fatigue resistance

Fatigue resistance remains a major
concern of dentists, even though
NiTi instruments can withstand
several hundred flexural cycles before
they fracture via metal fatigue [4].
Furthermore, with a reciprocating
motion, the alternating changes
in direction of rotation is expected
(i) to stress less on the elastic limit
of the instruments and (ii) to pro-
duce different stress points on the
instruments vs. one single stress
point, when compared with a con-
sistent rotation motion [5]. Thus,
reciprocating motion is expected to
promote higher cyclic fatigue resis-
tance than rotary motion [6].

In this section, all studies performed
using clinically relevant parameters
(37°C, presence of liquid) with com-
prehensive performance analysis
(Number of Cycles to Failure (NCF),
Scanning  Electron  Microscopy
(SEM) and Differential Scanning
Calorimetry (DSC)), published in
journals with Impact Factor (IF) > 3
are included.

Effect of canal curvature location
on the cyclic fatigue resistance of
reciprocating files [7]

Authors: Sobotkiewicz T, Huang X,
Haapasalo M, et al.

Published in: Clinical Oral Investiga-
tions 2021;25(1):169-177

In this in vitro study, the fatigue
resistance of 4 reciprocating NiTi
instruments (WaveOne® Primary
(WQO), WaveOne® Gold Primary
(WOG), Reciproc® 25/0.08 (Rec)
(VDW, Munich, Germany), and
Reciproc® Blue 25/0.08 (RecB)
(VDW, Munich, Germany) files)
was compared in artificial canals
with different curvature locations
(see Figure 7, page 14). 50 instru-
ments per system were used
(n = 10 per canal with dedicated
curvature location) and tests
were performed in saline water at
37 +/- 2°C. The number of cycles
to failure was calculated for each
file, the length of fractured instru-
ments was measured and Scanning
Electron Microscopy (SEM) images
of fractures surfaces were per-
formed. The study also included
Differential Scanning Calorimetry
(DSC) testing on new instruments
of each system in order to analyze
their thermal behavior: austenite

transformation start and finish
points (A, and A) and the marten-
sitic start and finish points (M_and
M,).

Outcomes on the number of cycles
to failure

* All evaluated instruments
showed lower fatigue resistance
in canal with middle or coronally
curvatures (“A”, “B”, “C”", curvature
locations) compared to api-
cally located curvatures (“D",
“E", curvature locations) (see
Figure 7, page 14). This is mainly
attributed to the larger diameter
at the coronal and middle parts
of the instruments than at the
apical area (see section 3 for
more details on the geometry of
Reciproc® instruments).

* Reciproc® Blue and WaveOne®
Gold both showed superior
fatigue resistance compared to
the Reciproc® and WaveOne®
instruments.

e The number of cycles (360°)
to failure of Reciproc® and
Reciproc® Blue instruments was
between approximately 200
cycles (“B" curvature location,
see Figure 7) to more than 1000
cycles (“E” curvature location, see
Figure 7).



3.1 Fatigue resistance

Outcomes on the length of fractures

e All the instruments broke at, or
close to, the point of maximum
curvature for each canal.

* SEM images revealed a fatigue
failure mode with a crack initia-
tion point located at the stress
concentration areas (i.e. cutting
edges).

Outcomes on the phase trans-
formation

IIn this study, the average A, was
51°C for Reciproc® and 37°C for
Reciproc® Blue, 47 °C for WaveOne®
Gold, 49°C for WaveOne®, sugges-
ting that Reciproc® is in a mix of
austenite and martensite phases
during treatment; and Reciproc®
Blue is mostly in an austenic
phase with R-phase (confirmed
by the double peak presence on
Differential Scanning Calorimetry
(DSC), ie. showing enhanced
flexibility and fatigue resistance).
See Table 1 page 15 for more details
on the austenite transformation
start and finish points. Also see the
section page 23 “Explanation on
phase transformation outcomes”
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Figure 7:

Schematic diagrams of five curvature locations on the canals. The
distance from the orifice to the curvature of 5 mm (A), 6 mm (B),
8 mm (C), 10 mm (D), and 11 mm (E).
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Table T:

Mean phase transformation temperatures (+ standard deviation) of the reciprocating systems when the coronal
and apical fragments were combined into one group. Austenite transformation start and finish points (A_and A))
and the martensitic start and finish points (M_and M,).

Cooling Heating

WaveOne® 4510 +1.38 2254 +1.01 2622 +1.82 48.70 £1.67
WaveOne® Gold 44.40 £ 0.30 26.26 +1.00 3536 +0.80 4726 +1.02
Reciproc® 44.88 + 0.64 2372 £2.09 26.76 +1.23 5142 +1.62

Reciproc® Blue 32.55+1.00 24.09+1.23 30.24 +£0.22 37.08 £ 0.60




3.1 Fatigue resistance
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Figure 9:

The mean length of the fractured fragments of instruments at different curvature location. Letters indicate
statistically significant differences within each group (p < 0.05). No significant differences in length of the
fractured fragments between the groups (p>0.05) expect between WaveOne Gold® and Reciproc® with a

distance from the orifice to the curvature of 11T mm.
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Cyclic Fatigue of Reciproc® and
Reciproc® Blue Nickel-Titanium
Reciprocating Files at Different
Environmental Temperatures [8]

Authors: G. Plotino, N. M. Grande,
L. Testarelli, GC. Gambarini,
R. Castagnola, A. Rossetti, et al.
Published in: J Endod 2018 Vol. 44
Issue 10 Pages 1549-1552

In this in vitro study, the fatigue
resistance of Reciproc® 25/0.08
(VDW, Munich, Germany), and
Reciproc® Blue 25/0.08 (VDW,
Munich, Germany) was compared
in artificial canals with 60° of curva-
ture and a5 mm radius of curvature.
80 instruments per system were
used and tests were performed
in saline water at 0° 20° 35° and
39°C. The number of cycles to failu-
re was calculated for each file, the
length of fractured instruments was

measured via a stereomicroscope.
The study also included Differential
Scanning Calorimetry (DSC) testing
on fractured instruments of each
system in order to analyze their
thermal behavior: austenite trans-
formation start and finish points
(A, and A) and the martensitic start
and finish points (M_and M,).

Outcomes on the number of cycles
to failure

* Reciproc® Blue showed a signifi-
cantly superior fatigue resistance
compared to Reciproc®, atalltem-
peratures (see Table 2, page 18
below for more details on time to
fracture).

e For each instrument, a similar
fatigue resistance was observed
at both 35° and 39°C (no signifi-
cant differences for each instru-
ment between 35° and 39°C).

Outcomes on the length of fractures

e All the instruments broke at, or
close to, the point of maximum
curvature for each canal, without
any significant differences re-
garding the length of fractures
fragments.

Outcomes on the phase transfor-
mation

In this study, the average A, was
around 33 °C for Reciproc® Blue,
and around 51°C for Reciproc®. This
suggests that Reciproc® Blue is
mainly in its austenite phase, with
some R-Phase (as shown by the
double peak in the DSC curve) at
body temperature while Reciproc®
is mostly in a mix of martensite and
austenite phases.



3.1 Fatigue resistance

Table 2:

Mean, Standard Deviation(SD), and Confidence Interval (Cl) of the Time to Fracture (TtF) in seconds
and the Fragment Length (FL) in millimeters of Reciproc® Blue and Reciproc® Instruments at the
different temperatures tested (°C) and the percent increase in cyclic fatigue for each group (A%).

0°C 20°C 35°C 39°C
Reciproc® Blue

Mean 5443 06.43% 3956% 6.3 191% 6.7% IPARES 6.73%

SD 38 0.7 20 0.4 51 05 46 0.7

95% ClI 527/562 6.4/7.0 359/389 6.0/6.3 167/214 6.4/6.9 noN71 6.4/7.0

A% 286 180 35
Reciproc®

Mean 4002 6.1 150 6.5 106% 6.3 77 6.2%

SD 30 1 14 0.5 35 0.6 20 0.4

95% Cl 368/432 5.4/6.3 140/159 6.3/6.6 90/122 6.0/6.5 69/85 6.1/6.4

A% 421 95 38
Different superscript letters indicate a statistically significant difference (P <.05) (a, b, and c for rows and x and y for columns)

Table 3:
Transformation temperatures for each of the 2 Nickel-titanium Instruments tested.

Sample Sample area Sample weight (mg) Start point (°C) As (°C) Af (°C) Peak (°C)
Reciproc®1 Apical 16.8 -20 22.44 5112 3891
Reciproc® 2 Apical 16.7 -40 17.64 5114 38.44
Reciproc® 3 Apical 16.5 -60 19.19 51.51 38.76
Average 19.75 51.25 38.70
Reciproc® Blue 1 Apical 19.4 -20 28.70 34.81 31.82
Reciproc® Blue 2 Apical 155 -40 2729 32.43 30.04
Reciproc® Blue 3 Apical 15.7 -60 26.97 36.01 32.45
Average 27.65 34.42 3144

A, austenitic transformation finishing point; A, austenitic transformation starting point.

Comparison of cyclic fatigue resis-
tance of Rotate instrument with
reci-procating and continuous
rotary nickel-titanium instruments
at body temperature in relation to
their transformation temperatures

[0l

Authors: C. Keskin, O. Sivas Yilmaz,
A. Keles and U. Inan

Published in: Clin Oral Investig 2021
Vol. 25 Issue 1 Pages 151-157

In this in vitro study, the fatigue
resistance of 4 NiTi instruments
Reciproc® 25/0.08 (VDW, Munich,
Germany), and Reciproc® Blue
25/0.08 (VDW, Munich, Germany),
Rotate® (VDW, Munich, Germany),
Mtwo® (VDW, Munich, Germany)
files) was compared in artificial
canals with 60° of curvature and
a 5 mm radius of curvature. 16 ins-
truments per system were used
and tests were performed in saline
water at 37°C. The number of cycles
to failure was calculated for each
file, the length of fractured instru-
ments was measured and Scanning
Electron Microscopy (SEM) images
of fracture surfaces were performed.

The study also included Differential
Scanning Calorimetry (DSC) testing
on fractured instruments of each
system in order to analyze their
thermal behavior: austenite trans-
formation start and finish points
(A, and A) and the martensitic start
and finish points (M_and M,).

Outcomes on the number of cycles
to failure

* Reciproc® Blue showed a signifi-
cantly superior fatigue resistance
compared to the other evaluated
instruments (596 s to fracture).
Reciproc® showed significantly
higher fatigue resistance com-
pared to Mtwo® (146 s to fracture
VS. 44 ).

Outcomes on the length of fractures

¢ All the instruments broke at, or
close to, the point of maximum
curvature for each canal, without
any significant differences regar-
ding the length of fractures frag-
ments.

e SEM images revealed a fatigue
failure mode with striation marks.

Outcomes on the phase transfor-
mation

In this study, the average A. was
33°C for Rotate®, 41°C for Reciproc®,
35°C for Reciproc® Blue, all showing
two peaks during transformation
(cooling). The average A, was 15°C
for Mtwo®, with a single trans-
formation peak.

This suggests that :

* Rotate® and Reciproc® are in a
mixed martensitic, R-Phase and
austenitic structure at body
temperature.

* Reciproc® Blue is in a mix of
R-Phase and austenitic structure
at body temperature

* Mtwo?® is mainly in its austenite
phase at body temperature.



3.1 Fatigue resistance

Table 4:

Weibull modulus, R? values, and estimated TtF values for 99% probability of survival for each group.

Time required to fracture (TtF) in seconds.

Weibull modulus R? Estimated TF for 99%
Reciproc® 25.08 15.21 0.92 596
VDW Rotate® 25.06 49 0.93 261
Reciproc® 25.08 412 0.93 146
Mtwo® 25.06 3.49 0.87 44

Cyclicfatigue of Reciproc®Blue and
Reciproc® instruments exposed to
intracanal temperature in simula-
ted severe apical curvature [10]

Authors: U. Inan, C. Keskin, O. Sivas
Yilmaz and G. Bas

Published in: Clin Oral Investig 2019
Vol. 23 Issue 5 Pages 2077-2082

In this in vitro study, the fatigue
resistance of NiTi instruments
Reciproc® 25/0.08 (VDW, Munich,
Germany), and Reciproc® Blue
25/0.08 (VDW, Munich, Germany)
was compared in artificial canals
with 90° of curvature and a 5 mm
radius of curvature. 18 instruments
per system were used and tests were
performedinsalinewaterat37°C.The
number of cycles to failure (NCF) was
calculated for each file, the length of
fractured instruments was measu-
red with a digital caliper. The study
also included Differential Scanning
Calorimetry (DSC) testing on frac-
tured instruments of each system
in order to analyze their thermal
behavior: austenite transformation
start and finish points (A_ and A)
and the martensitic start and finish
points (M_and M,).

Outcomes on the number of cycles
to failure

¢ Reciproc® Blue showed a signifi-
cantly superior fatigue resistance
compared to Reciproc®, with 1055
NCF and 508 NCF respectively.
See also the reliability graph
Figure 10, page 22, highlighting
that Reciproc® Blue is predicted
to show more than 560 cycles
before failure, vs. 278 with
Reciproc®(99% survival reliability).

Outcomes on the length of fractures

e All the instruments broke at, or
close to, the point of maximum
curvature for each canal, without
any significant differences
regarding the length of fractures
fragments.

Outcomes on the phase transfor-
mation

In this study, the average A, was
30.73 °C for Reciproc® Blue, and
a broad weak peak was observed
with Reciproc® This suggests that
Reciproc® Blue is mainly in its
austenite phase at body tempera-
ture. No clear outcomes could be
established from the DSC curves of
Reciproc®.

21
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3.1 Fatigue resistance
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Figure 10:

Reliability plots for the cyclic fatigue resistance values of Reciproc® Blue and reciproc instruments
calculated using Weibull distribution function given in Formula (1). Vertical axis is the survival-probability
and the horizontal axis is NCF.

Explanation on phase trans-
formation outcomes

NiTi alloy unique properties are
derived from a solid-state phase
transformation, from the austeni-
tic to the martensitic phase and vi-
ce-versa. There are four transitions
temperatures, as shown in the
graph below. Depending on the
temperature, deformations and
manufacturing conditions (e.g.
heating treatment), one of the
phases can be predominant
over the others: For example, at
clinical intracanal temperature
(~ 35°C), a combination of the two

@ Take home message on Reciproc® and fatigue resistance

Reciproc® Blue instruments show a very predictable and cons-
tant resistance to cyclic fatigue, emphasizing their reliability and
safe use, and an increased cyclic fatigue resistance compared to

Reciproc® [7, 1].

Reciproc® Blue instruments are mostly in their austenitic phase
during canal treatment, with some martensite phase and R-Phase.
Reciproc® instruments are in a mix of martensite, austenite and

R-phase during treatment.

Finally, the safety of use of Reciproc® and Reciproc® Blue instruments
was largely confirmed by clinical studies evaluating their fracture
incidence (see section 3.6 for the summary of these studies).

and a third more discrete phase,
called the R-phase, is often expec-
ted in the instruments. These three
phases can be described, separately,
as below:

* Martensitic phase : For a ma-
ximum possible fatigue resis-
tance, a superior flexibility, a
shape memory effect, instru-
ments shall be in their marten-
sitic phase during treatment

(Ie Tclinical intracanal temperature < TMf)

e Austenitic phase : For supe-
rior elastic properties, instru-
ments shall be in their aus-
tenitic phase during treatment

(Ie Tclinical intracanal temperature > TAf)

e A third phase, called the
R-phase, could also co exists
at a very narrow temperature
range between the austeni-
tic and martensitic forms The
R-phase improves the fatigue
properties of the alloy, having
a low shear stress expected to
cause plastic deformation [2, 12].

In most of the studies summarized
above, at clinical intracanal tem-
perature, Reciproc® Blue is mostly
in the austenitic phase, with some
martensite phase and R-phase
(confirmed in the studies above, via

23
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3.1 Fatigue resistance

DSC by the double peak presence).
Reciproc®, on the other hand, is in
a mix of martensite, austenite and
R-phase.

The predominant austenite phase
presence in Reciproc® Blue could be
surprising, as Reciproc® Blue shows
a high fatigue resistance (higher

than Reciproc® i.e. M-wire based)
that is normally attributed to the
martensite phase. This could be ex-
plained by the presence of a more
stable martensite in blue heat-
treatment instruments, when
compared to M-wire, leading to
a high fatigue resistance [12].
In addition, the unique heat treat-
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Figure 11

Temperature hysteresis of NiTi alloy, (M) martensite start temperature,
(M,) martensite finish temperature, (A_) austenite start temperature, (A,)

austenite finish temperature.

ment of Reciproc®Blue instruments,
not only modifies the surface of the
instruments but also influences the
precipitate size distribution (e.g.
Ni, Ti,) which is strongly correlated
to the fatigue behavior of instru-
ments [13, 14].

3.2 Level of expertise required

Supporting the dentists in the
selection of the most appropria-
te instrument, according to their
level of expertise, is explored in this
section, with one ex vivo study,
published in a journal with Impact
Factor (IF) > 3.

Ex vivo shaping ability of reci-
procating instruments operated
by new users: Reciproc® versus
WaveOne® [15]

Authors: M. S. H. Lam, J. W. W.
Chang and G. S. P. Cheung
Published in: Clin Oral Investig 2021
Vol. 25 Issue 5 Pages 2791-2799

Table 5:

The goal of this ex vivo study was
to compare the shaping ability
of two reciprocating NiTi systems
WaveOne® Primary (Dentsply
Sirona, Ballaigues, Switzerland),
and Reciproc® R25 (VDW, Munich,
Germany) in mesial roots of mandi-
bular first molars via microCT. The
operators were fourth-year dental
students (n = 50), all new to recipro-
cating instruments and blinded to
the evaluated systems.

In total, 50 mesial root canals
(n = 25 per group) were scanned
before and after preparation with
the evaluated systems. The images

were analyzed in order to quantify
the shaping ability in terms of
changes in canal geometry
(changes in volume of root canal
and surface area, percentage of
surface touched/untouched, canal
transportation). The treatments
were performed in phantoms
heads to better simulate the clinical
conditions. K-file 10 was used to
scout the canals for the two groups
(no further glide path step).

Result of volumetric analysis and comparison between the two instrumentation groups.

Instrument used I\ Mean Std. deviation Std. error p value ( 2-tailed)

Post-instrumented volume (mm?3) Reciproc® 46 5.026 1.600 0.236 0.425
WaveOne® 46 5.298 1.646 0.243

Volume change (mm?3) Reciproc® 46 2.224 1.073 0.158 0.175
WaveOne® 46 2.534 1102 0.163

Post-instrumented area (mm?) Reciproc® 46 30.242 8.268 1.219 0.850
WaveOne® 46 30.561 7.872 1161

Area change (mm?) Reciproc® 46 10.527 7.644 1127 0.559
WaveOne® 46 11.398 6.543 0.965

% area not instrumented Reciproc® 46 45986 12.008 1771 0.240
WaveOne® 46 43.303 9.610 1.417
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3.2 Level of expertise required

The main Outcomes are:

¢ Both systems showed similar
percentages of untouched areas:
45 %

e Both systems show similar trans-
portation, higher towards the
isthmus or furcation than the
mesial or external zone, well
centered in the apical third.

* One instrument breakage was
experienced with  WaveOne®
Gold, and few unwindings
(2 instruments per brand).

* The 2 investigated NiTi recipro-
cating systems equally prepared
curved mesial root canals and
are considered as safe and
efficient in the hand of novel
users.

@ Take home message on Reciproc® and its required level of

expertise

A common belief is that novel users may experience significant
instrument fractures compared to experts using the same tools.

This ex vivo study highlights that the experience with Reciproc® is

different:

* Onlythe R25 instruments was used, without any previous instruments

for the glide path step.

* Novel users were able to reach to working lengths in complex canal
anatomies; without any instrument fractures.

These outcomes emphasize the

immediate safe and efficient

experience with Reciproc® instruments for novel users.

3.3 Ability to reach working length
without scouting or glide path creation

In this section, studies assessing the
ability of Reciproc® R25 to directly
scout and shape canals (no K-file
or glide path instruments prior to
Reciproc® R25) are highlighted
below. Only studies on extracted
teeth or on patients, following the
Reciproc® family instructions for
use and published in journals with
Impact Factor (IF) > 4 are included.

The ability of the Reciproc® R25
instrument to reach the full root
canal working length without a
glide path [16]

Authors: De-Deus G, Arruda TE,
Souza EM, Neves A, Magalhaes K,
Thuanne E, Fidel RA

Published in: International en-
dodontic journal, 2013, Vol 46 (10),
993-8

In this ex vivo study, more than 500
mesial canals from mandibular mo-
lars, straight (n = 253) or with a mo-
derate curvature (n = 249) were pre-
pared with a Reciproc® instrument
by a single experienced operator.

The aim was to assess the frequency
in which the Reciproc® R25 was able
to directly scout and reach the full
working length.

The R25 was the first instrument
to be introduced in the canal, with
an in-and-out gentle pecking
movement, using a VDW Silver
motor. Then, the canal was irrigated
T min with 1 ml 5.25 % NaOCI, and a
hand file (size #10) was introduced
passively in the canal for working
length determination with an
apex locator. In case the hand file
reached the working length
passively (ie. no motion, no
pushing), the R25 was then used
with the goal of completing the
canal preparation. In the case
the hand file could not reached
passively the working length, R25
was used again.

Canals in which the R25 was not able
to reach the working length were
scanned using a microCT in order to
analyse their apical anatomy.

The Outcomes are:

* the Reciproc® R25 successfully
reached the working length in
93.4% of cases.

* |n 67.3% of the cases, the R25 was
able to reach the working length
while the hand-file could not pro-
gress.

* microCT analysis revealed that
calcifications or eccentric posi-
tion of the major foramen mostly
explained why the R25 could not
reach the working length.

* Jinstrument fractured (0.2 %) in a
moderate curved canal.

In conclusion, the Reciproc® R25
reached the working length wit-
hout a glide or a scouting step in
the majority of the cases in straight
or moderately curved canals.
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3.3 Ability to reach working length without scouting or glide path creation

Negotiability of Second Mesio-
buccal Canals in Maxillary Molars
Using a Reciprocating System [17]

Authors: Mario Luis Zuolo, Maria
Cristina Carvalho, and Gustavo
De-Deus

Published in: J Endod, 2015. 41(11):
p. 1913-7

In this prospective case series report,
more than 300 patients received a
root canal treatment of the second
mesio-bucal (MB2) canals on maxil-
lary molars. The aim was to assess
thefrequencyinwhichthe Reciproc®
R25 was able to directly scout and
reach the full working length, in
comparison with hand files.

In the hand file group, the MB2 was
scouted with a C-pilot file (VDW),
size #6 to 10 using the balance
force movement in a crown-down
approach, with a 2.5% NaOCI so-
lution as lubricant. Preflaring was

performed with a Gate Glidden#
2 bur. The working length was deter-
mined with an apex locator Root ZX
mini (Morita) device and then con-
firmed by Xrays with the instru-
ments inside the canal.

In the Reciproc® group, the R25
instrument was used with a VDW
Silver motor. The R25 was used to
preflare the canal and then moved
in-and-out in gentle pecking move-
ment. A C-pilot file, size #10 or #15,
was introduced passively in the
canal to the full working length
for working length determination
with an apex locator Root ZX mini
(Morita) device and then confirmed
by Xrays with the C-pilot inside the
canal. Then, root canal preparation
was completed with the Reciproc®
instruments. Finally, the canals were
classified according to whether the
full working length was reached
with Reciproc®or not.

The Outcomes, summarized in the
table below, are:

e In the “hand file* group, the
working length was successfully
reached in 5748% of cases.
3 instruments fractured (1.72%).

* |In the Reciproc® R25 group, the
working length was successfully
reached in 85.63% of cases.
3 instruments fractured (1.72%).

In  conclusion, the Reciproc®
R25 was 32% more effective
than hand files in scouting and
negotiating MB2 canals.

Table 6:
Second mesiobuccal canals considered as reaching Full Working Length (FWL).
Technique Teeth Total teeth (n) MB2 considered as FWL*, n(%) Total FWL (%)
Hand file  First maxillary molar 122 67 (54.9) 59.6
Second maxillary molar 45 29 (64.4)
R25 First maxillary molar 126 107 (84.9) 86.2
Second maxillary molar 48 42 (87.5)

@ Take home message on Reciproc® and its ability to reach
working length without scouting or glide path creation

In an ex vivo study, the Reciproc® R25 instrument was able to reach the
full working length without a glide path in 93.4%, in straight and mo-
derate curved mandibular molar canals [16].

The successful use of Reciproc® R25 as a first instruments (no K-file)
was confirmed in vivo, with a study on 300 patients, where Reciproc®
R25 was able to reach working length in 85.63 % of the cases in second
mesiobuccal canals, vs. 57.48 % for the K file instruments [17].

In conclusion, the Reciproc® R25 is able to directly scout and shape in
the majority of the cases in straight or moderately curved canals.
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3.4 Shaping ability

An ideal mechanical objective of
root canal instrumentation is com-
plete and centered incorporation of
the original canals into the prepared
shape, meaning that all root canal
surfaces are mechanically prepared
[4]. This theoretical goal is not achie-
vable in most clinical cases, conside-
ring the complex internal anatomy
of root canals.

Therefore, the “shaping ability” of
endodontic instrument is often
described in literature but without
any clear definition of it. It is nonet-
heless often expressed as a minimal
canal transportation, a good cente-
ring ability and a sufficient amount
of root canal wall removed during
canal preparation while retaining as
much as possible cervical and radi-
cular dentin.

3.4.1 Shaping ability - without glide path creation

In this section, only studies inclu-
ding microCT analysis, on extracted
teeth, following the Reciproc® family
instructions for use and publis-
hed in journals with Impact Factor
(IF) > 4 are included. Studies using
K-file larger than ISO 10 or any
glidersare excluded.Thus, 2 scientific
studies are summarized, exploring
the “shaping ability” of Reciproc®
instruments in terms of touched/
untouched  surfaces, centering
ability, and ability to reach the full
working length. To these purposes,
microcomputed tomography (MicroCT)
was used, as it is the state-of-the-
art tool for analysis of canal sha-
ping outcomes, thanks to its non-
destructive and reproducible
analysis of high-resolution scans
before and after treatment.

Preparation of Oval-shaped Canals
with TRUShape® and Reciproc®
Systems: A Micro-Computed Tomo-
graphy Study Using Contralateral
Premolars [18]

Authors: L.S.Guimaraes,C.C.Gomes,
M. F. Marceliano-Alves, R.S. Cunha, J.
C. Provenzano and J. F. Siqueira, Jr.
Published in: J Endod 2017 Vol. 43
Issue 6 Pages 1018-1022

In this ex vivo
preparation of 13
mandibular premolars with oval-
shaped canals with Reciproc®
(VDW) or TRUShape® (Dentsply
Tulsa) was compared in terms of
touched/untouched surface and
volume increase via microCT, by a
single operator.

study, the
paires  of

A K-file 10 was used to establish
the patency. Only Reciproc® instru-
ment R40, with a VDW Silver motor,
was directly used after the K-File.
TruShape sequence of 4 instru-
ments, up to #40/0.06v, were used,
with the X-Smart Plus motor.

The Outcomes are:

¢ The total volume increase was simi-
lar with the two evaluated instru-
ments (no significant difference).

e Over the whole canals, Reciproc®
showed 30% of untouched area
and TruShape 24% (significant
difference).

* |n the apical third, Reciproc® sho-
wed 25% of untouched area and
TruShape 20% (no significant
difference).

¢ No instrument fractures were
reported.

Table 7:

Morphometric data (Mean and Median) of Contralateral Mandibular Premolars before and after preparation
with TRUShape® and Reciproc® Systems.

./ __omm 4mm
Volume (mm3)

Before preparation 462+204 428 439218 384 14 065+0.35 055 066+035 062 79
After preparation 586+190 570 539+196 478 n 098+036 094 098+031 084 1.00
A% 2330702 2502 2155+1369 2254 17 3648+1505 3535 35661791 3331 84
Surface area (mm?)

Before preparation 3532+882 3454 3361906 3222 19 872+299 816 8601247 841 74
After preparation 3917777 3896 3748+747 3479 27 1025+262 980 1039+201 95] 1.00
A% 1234797 MN64 13741207 1416 59 2313x1642 2070 24731791 1726 89
Unprep. surface area (mm?) 241191 2562 3040713 3178 002 1986+137 2290 2466+138 2496 15

Data shown as mean + standard deviation and median; n = 13 for each group. No statistically significant difference was observed between the

root canal before and after preparation regarding volume and surface area (P <.05).
* Statistically significant difference was observed between groups in unprepared surface area in 10 mm of the apical foramen (P <.05).
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3.4 Shaping ability

Effect of larger apical size on the
quality of preparation in curved
canals using reciprocating instru-
ments with different heat thermal
treatments [19]

Authors: J. A. Duque, R. R. Vivan,
M. A. H. Duarte, M. P. Alcalde, V. M.
Cruz, M. M. B. Borges, et al.
Published in: Int Endod J 2019 Vol.
52 Issue 11 Pages 1652-1659

In this study, the shaping ability of
Reciproc® Blue (RB size 25, .08 taper
and size 40, .06 taper; VDW, Munich,
Germany), WaveOne® Gold (WOG
size 25, .07 taper and size 35, .06
taper; Dentsply Sirona, Ballaigues,
Switzerland) and ProDesign R (PDR

Table 8:

size 25,.06 taper andsize 35,.05taper;
Easy Dental Equipment, Belo Ho-
rizonte, Brazil). This is a S-shaped
reciprocating system manufactured
with a controlled memory NiTi tech-
nology) was compared via microCT
in mandibular premolars (curvature
20-30°) (n=30).

A K-file 10 was first used to establish
the working length, followed by
the shaping files of the evaluated
devices powered by a VDW motor.

The Outcomes are:

e The transportation was similar
with all the evaluated instru-
ments (no significant difference).

e The percentage of untouched
areas was also similar with all
the evaluated instruments (no
significant difference). When the
larger instruments were used, the
percentage of untouched area
decreased with all the evaluated

instruments (no significant
difference).

e No instrument fractures were
reported.

* All evaluated instruments were
safe and resulted in similar canal
preparation.

Median, minimum and maximum values of the percentage of untouched areas in the apical third after using

different reciprocating instruments.

Reciproc® Blue

25
% Untouched
areas (apical)

WaveOne® Gold
25 R 25 40

34.90% (14.1-62.1) 28.67*

ProDesign

Reciproc® Blue

WaveOne® Gold ProDesign
40 R 35

(12-77.5) 60.08% (2.5-84.7) 2214 (67-462) 9.40 (0.5-68.6) 27.77** (11-58.2)

Different upper case letters indicate a significant difference among the groups according instrument size (P < 0.05).
Different lower case letters indicate a significant intragroup difference (P < 0.05).

3.4.2 Shaping and disinfectant abilities

One original article is summarized
below, published in a journal with
an impact factor > 4, studying the
shaping and disinfection abilities
of Reciproc® via microCT combined
with histobacteriology analysis.

Cleaning, Shaping, and Disin-
fecting Abilities of 2 Instrument
Systems as Evaluated by a Cor-
relative Micro-computed Tomo-
graphic and Histobacteriologic
Approach [20]

Authors: Pérez AR, Ricucci D, Vieira
GCS, Provenzano JC, Alves FRF,
Marceliano-Alves MF, Rocas IN,
Siqueira JF Jr

Published in: Journal of endodontics,
2020, Vol 46 (6), 846-857

The shaping, cleaning and dis-
infection abilities of the Reciproc®
Blue (VDW, Munich, Germany), and

XP-endo® Shaper (FKG, La Chaux-
de-Fonds, Switzerland) NiTi files was
compared in molar canals via micro-
computed tomography (shaping
ability) and histology. 16 extracted
lowermolarspergroupwerescanned
before and after preparation, and
the images were analyzed in order
to quantify the shaping ability in
terms of changes in canal geometry
(structure thickness, volume of
root canal, percentage of surface
touched/untouched, centroids, etc.).
Regarding the histology analysis,
4-5 pym sections were stained and
observed under microscope for
residual bacteria and pulp tissue
presences.

K-file 08 and 10 were used to define
the working length, and a K-File 15
was used for glide path. Reciproc®
Blue R25 and the XP-endo® Shaper
were powered by a VDW Silver
Motor.

The Outcomes are:

* Reciproc® Blue showed supe-
rior shaping ability compared to
XP-endo® Shaper : The unpre-
pared canal surface areas were
approximately 26% and 19% for
XP-endo® Shaper and Reciproc®
Blue, respectively (statistical
significant difference). However,
therewasnosignificantdifference
in the apical part of the canal with
30% and 23% of unprepared canal
surface for XP-endo® Shaper and
Reciproc® Blue, respectively.

* Both instruments  achieved
similar results in terms of disin-
fecting the root canals, with
approximately 375% to 44% of
canals free of bacteria in all
histological sections. In the apical
third there were no residual pulp
tissues in 56% of the sections, for
both evaluated instruments.

* Pulp tissue residues were not
detected in 3% to 50% of
specimens from both instruments.

e No instrument fractures were
reported.
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3.4 Shaping ability

Table 9:

Data from micro-computed tomographic and histobacteriologic analyses of the cleaning and
shaping effects of 2 instrument systems in molar canals.

Features

Maxillary molars

Reciproc® Blue

(mean [median, range])

XP-endo® Shaper

(mean [median, range])

Apical canal (4 mm) Volume (mm?3)

Initial 12 (12, 0,22-2.1} 19 (0.97, 0.48-6.5)
Final 1.6 (1.6, 0.33-2.5) 21(1.3,0.51-7}
A% 36.3 (35.6, 15.7-55.1) 18.7 (15.8,1.3-46)

Surface area (mm?)

Initial 16.5 (14.7, 5-30.5) 17.2 (1.7, 8.6-48,4)
Final 17.8 (16, 5.8-31.3) 181 (12.5, 8.7-49.3)
A% 101 (9, 2.7-17.7) 6.8 (6,1.4-14.6)

Unprepared area (%)

23.6 (20.2,14.2-40.1)

32.3 (33.9,17.9-550.7)

Full canal length Volume (mm3)

Initial

3.8 (4.2,0.93-6.2)

4 (2.3,1.8-10.5)

Final 52(6.2,1.7-7.5) 4.9 (3.3,2.7-11.8)
A% 52.5 (49.7,19.9-93.3) 32.7 (27.9, 8.1-65.8)
Surface area (mm2)

Initial 40.2 (45.8,15.1-57} 37.3 (291, 23.1-82)
Final 44.4 (48.9,19-62.5) 39.4 (321, 24.3-84.4)
A% 12.7 (9.6, 6.5-25.8) 6.9 (4,1.4-18.5)

Unprepared area (%)

19.5 (2011, 5.6-30.9)

26.9 (26.5,16.7-39.9)

Pulp tissue remnants*

Coronal 1.7 (0, 0-7.6) 0.33 (0, 0-2)
Middle 2.4 (0,0-7.2) 0 (0, 0-0)
Apical 45 (2.2,0-13.8) 3.5 (0, 0-13.3)

* Percentage of canal area occupied by pulp tissue remnants

Features

Mandibular molars

Reciproc® Blue

(mean [median, range])

XP-endo® Shaper

(mean [median, range])

Apical canal (4 mm) Volume (mm3)

Initial 13 (0.8, 0.4-3.7) 1.3 (0.87, 0.38-3.4)
Final 17 (12, 0.74-4.8) 1.6 (1.2, 0.7-3.6}
A% 44 (45.2,3.2-83.7) 37.8 (36.8, 2.4-84.2)

Surface area (mm?)

Initial 16.7 (12.4, 6.5-37.) 16.8 (121, 9.2-39.1)
Final 18.5 (14.1, 8.8-41) 18.4 (13.8,10.1-40.6}
A% 14.7 (12.6,1.5-35.3) 11.8 (1.9, 3-19)

Unprepared area (%)

229 (20.6,7.2-43.9)

27.8 (27.8,16-42.8)

Full canal length Volume (mm3)

Initial 4.4 (3.2,2-8.9) 5(3.3,11-12.2)
Final 6.2 (4.8,3.1-11.9) 6.3 (5,2-13.8)
A% 48.3 (43,20.1-89.2) 40.6 (43.3,3.1-82.9)
Surface area (mm?2)

Initial 49 (38.5,23.1-88) 51,6 (41.1,16.1-96.5)
Final 53.7 (42.5,27.9-96.1) 55.7 (45.6,20.3-97.7)
A% 11.5 (111, 0.5-21.5) 10.8 (10.9, 1.2-25.8)

Unprepared area (%)

191 (17.2, 11.4-26.4)

24.5 (24.5,12.8-35.3)

Pulp tissue remnants*

Coronal 11 (0, 0-10) 41(0,0-21.6)
Middle 1.8 (0, 0-15.3) 12 (0, 0-8)
Apical 7.8 (0, 0-54.6) 71 (1.3, 0-20.9)
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3.4 Shaping ability

@ Take home message on Reciproc® and its ability to reach
working length without scouting or glide path creation

Reciproc® and Reciproc® Blue are able to maintain the original canal
curvature [19-21].

Still, the studies summarized above confirmed that engine-driven NiTi

instrumentation systems, in reciprocating or rotary motions, are unable

to contact 100% of the root canal wall. Such results are nevertheless
expected, and in alignment with another peer-reviewed publication
indicating that 35 % or more of canal surface remains untouched after
mechanical instruments, mainly due to the anatomical complexity of
the root canal system [22]. Thus, biofilms remain on these inaccessible
root canal walls and may recolonize the root canal system, which

adversely affects treatment outcome. Irrigation is therefore an essential

part of root canal debridement to achieve intracanal disinfection, to
dissolve and to remove pulp tissue, dentinal debris, smear layer, micro-
organisms and their by-products [23].

Table 10:

Mean and standard deviation of Gutta-percha-filled area (GP), sealers, and voids ratios of the different groups (%).

2mm 4 mm

GP Sealer Voids Sealer Voids
FlexMaster® 7892 £11.39° 2092 +11.662 021+0.61 8253+10.78* 16.80+8522 0.09 +0.11°
Mtwo® 86.53 £9.87° 10.12 + 8.542 288+194 8578+625 13686412 0.25*0.26°
ProTaper 7237 £1.27¢ 2356 £13.00*¢ 2.69 +1.59 7025 +739¢ 2593 +757¢ 4.08 +1.98°
Reciproc® 69.39 £ 6.51© 28.00+9.81c 258 +1.69 69.56 £ 8.53° 26.80 +8.42° 322 +299°
WaveOne® 7152 £12.29¢ 28.09 +10.24° 039+ 064 7343 +768° 2536+6.58° 154 +1.09%
Lateral compaction 75.81+10.76¢ 2227+11.87° 199 +1.08 7707 +9.05° 20.65+917° 217 +2.07%®
P value <.001 <.001 .079 <.001 <.01

Values with the same superscript letters were not statistically different at (P =.05).

3.5 Obturation quality

Most of the literature supports the
importance of the shaping and clea-
ning steps, but fewer studies focus
on the filling step. The goal of the
canal filling is to seal against bac-
terial penetration and allow for
periapical healing. This section
includes articles studying ex vivo the
filling ability of the Reciproc® family,
published in journals with Impact
Factor (IF) > 3.

Percentage of gutta-percha-filled
areas in canals instrumented with
nickel-titanium systems and obtu-
rated with matching single cones
[24]

Authors: E. Schafer, M. Késter and
S. Burklein

Published in: J Endod 2013 Vol. 39
Issue 7 Pages 924-8

Gp

The purpose of this ex vivo study
was to explore the sealing ability
of single-cone technique vs. cold
lateral compaction after shaping
with manual K-file. FlexMaster®,
Mtwo®, ProTaper®, Reciproc® and
WaveOne® instruments up to size
40 and with AH Plus® as sealer were
included in the study.

In total, 60 extracted human
mandibular incisors were included
in this study, then divided in
6 groups (n = 10) for the obturation
with single-cone compared to cold
lateral compaction. Proportions
of gutta-percha filled areas, sealer
filled areas and void areas were
assessed via a digital stereomicro-
scope at 2, 4, 6, 8 mm from the apex.

6 mm

Sealer Voids

The main Outcomes, presented in
the table below, can be summarized
as followed:

* Single-cone technique associated
with a constant taper preparation
(Mtwo®, FlexMaster®) showed
higher gutta-percha filled areas
compared to those performed
with a variable taper (ProTaper®,
WaveOne®, Reciproc®).

e Single-cone technique associated
with a constant taper preparation
(Mtwo®, FlexMaster®) resulted in
similar gutta-percha filled areas
compared to those performed
with cold lateral compaction.

8 mm

GP Sealer Voids

FlexMaster® 8226 £11.36° 1722+170.83°> 0.71+1.03 7747 £11.96°> 2090 £10.97° 149 £123

Mtwo® 8232+£6.52° 1450+4.97° 096+093 7745+744> 19.71+571° 277 +1.3]

ProTaper 7336 £593° 2422+555¢ 214+137 7890x388° 1876+6.38°> 189095
Reciproc® 74.84 £9.06° 2168 +£10.30° 251+£210 80.77+776° 1825+ 7.90° 1.32 £1.01

WaveOne® 7598 £8.86° 2415+891° 0.89+0.69 8114134 1831+11.99° 0.92+ 0.95
Lateral compaction 87.62 £765* 962+t 6.41° 239 +148 89.08+8949° 895+ 6.93° 199 +1.28
P value <.001 <.001 .068 <.001 <.001 150
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3.5 Obturation quality

Percentage of Gutta-percha Filled
Areas in Canals Obturated with
Cross-linked Gutta-percha Core-
carrier Systems, Single-Cone and
Lateral Compaction Technique [25]

Authors: E. Schafer, C. Schrenker, J.
Zupanc and S. Burklein

Published in: J Endod 2016 Vol. 42
Issue 2 Pages 294-8

The purpose of this ex vivo study
was to explore the sealing ability of
Guttafusion® or Guttacore® carrier-
based obturators,  single-cone
technique and lateral compac-
tion after shaping with manual
K-file (associated with cold lateral
compaction only), FlexMaster®,
Mtwo®, ProTaper®, Reciproc® and
WaveOne® instruments up to size
40 and with AH Plus® as sealer.

In  total, 160 extracted human
mandibular premolars with one
canal were included in this study,
then divided in 10 groups (n = 16)
for the obturation with either
Guttafusion®,  Guttacore®, single
cone, lateral compaction. Pro-
portions of gutta-percha filled
areas, sealer filled areas and
void areas were assessed via a
digital stereomicroscope at
2,4,6,8 mm from the apex.

The main Outcomes are:

¢ All techniques showed similar fil-
ling ability at 2 mm from the apex
(see details in the table below).

¢ The maximal gutta-percha filled
areas and minimal sealer filled
area were obtained with both
Guttafusion® and Guttacore® at
4, 6,8 mm from the apex.

e Cuttafusion® and Guttacore®
showed significantly less voids
than K-file associated with cold
lateral compaction.

In conclusion, obturations perfor-
med with Guttafusion® and Gutta-
core® showed very homogeneous
filling with very few voids.

Table 11:

Number and percentage of void-free specimens.

T T o o

A, Man/LC 10 62.50 9 56.25 8 50 m 68.75 38 5938°
B, Mtwo/GF 16 100 16 100 16 100 16 100 64 100°

C, Mtwo/LC m 68.75 13 81.25 10 62.50 13 81.25 47 T344P
D, Mtwo/SC 12 75 13 81.25 1 68.75 9 56.25 45 703
E, Rec/GF 16 100 16 100 15 93.75 15 93.75 62  96.88°
F, Rec/LC 9 56.25 1 68.75 12 75 10 62.50 42 6563
G, Rec/sC m 68.75 10 62.50 8 50 9 56.25 38 59.38°
H, wo/Gc 16 100 16 100 16 100 14 87.50 62  96.88°
, Wo/Lc 1 68.75 9 56.25 10 62.50 9 56.25 39 60.94
3, Wo/sc 1l 68.75 12 75 13 8125 9 56.25 45 70.31°

A, manual instrumentation + lateral compaction (LC); B, Mtwo + GF; C, Mtwo + LC; D, Mtwo + single-cone (SC); E; Reciproc + GF; F, Reciproc + LC; G, Reciproc + SC; H,

WaveOne + GC,; |, WaveOne + LC; J, WaveOne + SC.
n =16 teeth per group.

Values with the same superscript letters were not statistically different at P =.05.
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3.5 Obturation quality

Presence of Voids after
Continuous Wave of Con-
densation and Single-cone

Obturation in Mandibular Molars:
A Micro-computed Tomography
Analysis [26]

Authors: E. F. Iglecias, L. G. Freire,
G. T. de Miranda Candeiro, M. Dos
Santos, J. H. Antoniazzi and G. Gavini
Published in: J Endod 2017 Vol. 43
Issue 4 Pages 638-642

The purpose of this ex vivo study was
toexplorethesealing ability ofsingle-
cone technique and continuous
wave of condensation obturation
technique via microCT.

In total, 24 extracted human
mandibular molars were included
in this study, showing a mesial root
curvature between 25-35°. They were
all instrumented with Reciproc®
R25 and then obturated with either

Percentage volume of voids (%)
o

CwcC SC CwcC SC

CERVICAL MEDIUM

CWC 2.86+0.94Aa

SC 8.00+1.86Ab 6.24+1.17Aa

6.70+0.86Ba

CcwcC sC cwcC sC
APICAL TOTAL

4.93+1.90Ba 3.91+0.72Aa

5.74+1.22Aa 6.52+1.16Aa

single-cone or with continuous wave
of condensation obturation techni-
que (n=12 per group). AH Plus® was
used as a sealer. Teeth were scanned
via microCT before and after pre-
paration.

Figure 12:

Percentage volume of voids
(mean #* standard deviation) in
the different thirds and in the
whole canal after obturation by
using CWC and SC obturation
techniques.

Different uppercase letters indicate signifi-
cant differences (P <.05) between the thirds
within the same group. Different lowercase
letters indicate significant differences

(P <.05) between groups in the same third.
SC: Single-Cone (SC), CWC: Continuous
wave of Condensation (CWC)

The Outcomes, presented in the
table below, can be summarized as
followed:

¢ Both techniques showed similar
filling ability in curved canals, in
the apical third and in the medial
zone of the canal (no significant
difference).

e Continuous wave of condensation
technique resulted in a higher
filling ability in the coronal third
compared to the single-cone
technique (significant difference).

In conclusion, obturations quality
was similar for the two evaluated
techniques, expect in the coronal
third where the continuous wave of
condensationtechnique performed
better than the single-cone
technique.

@ Take home message on Reciproc® and obturation

Quite few ex vivo studies on obturation quality have been published
using the Reciproc® system. Nonetheless, it was clearly shown that
curved canals can be successfully filled with Guttafusion®, with the con-
tinuous wave of condensation technique or via single-cone technique
following a canal preparation with Reciproc®.
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3.6 Clinical results

3.6.1

Dozens of randomized prospective
in vivo studies, on more than 1500
patients in total, mainly focusing on
post-operative pain butalso bacterial

3.6.2

6 randomized prospective in vivo
studies,on more than 650 patientsin
total, mainly focusing on post-ope-
rative pain but also imflammatory
mediators after retreatment, are
available on the Reciproc® family
[38-43]. Only studies published in
journals with Impact Factor > 4 are
summarized below.

Postoperative Pain after Endo-
dontic Retreatment Using Rotary
or Reciprocating Instruments:
A Randomized Clinical Trial [41]

Authors: Daniel Comparin, Edson
Jorge Lima Moreira, Erick M. Souza,
Gustavo De-Deus, Ana Arias, and
Emmanuel Joao Nogueira Leal Silva,
Published in:: Journal of Endodon-
tics, 20170701, Vol 43 (7),1084-1088

In  this randomized prospective
study, 65 patients received a single

reduction, are available on the
Reciproc® family [27-33]. No instru-
ment breakages have been reported
in these studies. Only those 5 studies

visit retreatment with either:

e Reciproc® R25 was used to re-
move the filling  material.
Then, apical preparation was
finalized with a R40 instrument
(n=32).

* Mtwo® retreatment 15/0.05 and
25/0.05 were used to remove the
filling material. Then apical prepa-
ration was finalized with 30/0.05,
35/0.05 and 40/0.04 (n= 33).

No solvent was used, 2.5 % of NaOCI|
was delivered with a 31 G irrigation
needle. 17% EDTA was also delivered
after the final irrigation, followed by
saline solution. Gutta-percha and
AH Plus® sealer were placed and
coronal restoration was performed
with composite resin. The post-
operative perceived pain was rated
with the Visual Analog Scale (VAS) 24,
48, 72 hours after the retreatment.

Initial treatment - randomized prospective in vivo studies

published in journals with Impact
Factor > 4 are summarized in Table
12, page 43.

Retreatment - randomized prospective in vivo studies

The Outcomes are:

* Both rotary and reciprocating
instruments can be successfully
used for endodontic retreatment,
as they resulted in a decrease in
postoperative pain.

* When preoperative pain was
present, the pain was sig-
nificantly  higher after 24h
with  the two investigated
instruments. Pain duration was
shorter for females than for
males, independently of the
instruments used.

* No fractures of instruments have
been reported.

Table 12:

Overview of in vivo studies.

References

Evaluated Devices

Number of patients
and tooth types
(if available)

Endpoint(s)

Follow-up

Results from the article

Conclusion

(‘=" means no signifi-
cant differences,

>’ means superiority
of Reciproc®)

Oliveira et al. 2022 Reciproc®, ProTaper 67 patients Post operative pain 6,12, 24h, “ProTaper Next™ and Reciproc® Reciproc®
[34] Next™ 33 patients in the and tenderness on 2 days, caused a slight risk of tender- = ProTaper Next™
ProTaper Next™ group  biting 7 days ness on biting and contributed
and 34 patients in to similar self-reported postope-
the Reciproc group rative pain (low intensity) up
Same cohort as to 7 days following root canal
Oliveira et al. 2019 shaping.”
Oliveira et al. 2019 Reciproc®, ProTaper 62 patients, 31 per Post operative pain 6,12, 24h, “The two root canal prepara- Reciproc®
[35] Next™ group Same cohort and Oral health-re- 2 days, tion systems exerted a similar = ProTaper Next™
as Oliveira et al. 2022 lated quality of life 7 days impact on quality of life. Post-
(OHRQoL) operative pain was correlated
with impact on quality of life,
affecting chewing function,
self-consciousness and stress.”
Kherlakian et al. [29]  Reciproc®, ProTaper 210 patients Post operative pain 1,237 “The reciprocating systems and Reciproc®
Next™, WaveOne® days the continuous rotary system = WaveOne®
were found to be equivalent = ProTaper Next™
in regard to the incidence of
postoperative pain and intake
of analgesic medication at the
time points assessed.”
Amaral et al. [36] Reciproc® Blue, 28 teeth oval shaped Bacterial reduction During “The overall mean of bacterial Reciproc® Blue
XP-endo® Shaper treatment reduction was 99.91% for RB = XP-endo® Shaper
(FKG) and 99.88% for XP-S after che-
momechanical preparation.”
Diniz Figueiredo Reciproc®, single 120 patients, anterior ~ Oral 12 months “The Reciproc® system and Reciproc®, single cone
etal. [37] cone vs. Manual teeth only health-related low-income patients were > Manual instrument,
instrument, lateral quality of associated with a trend for lateral compaction

compaction

life

greater improvement in Oral
Health-related Quality of Life
(OHRQoL) scores 12 months
after treatment when the
model was adjusted for the
co-variables.”
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3.6 Clinical results

The effect of two rotary and two
reciprocating NiTi systems on
postoperative pain after root
canal retreatment on single-
rooted incisor teeth: A randomized
controlled trial [42]

Authors: Canakci BC, Er O, Genc
Sen O, Sut N.

Published in: Int Endod J. 2021
Nov;54(11):2016-2024

In  this randomized prospective
clinical study, 180 patients received a
root canal retreatment on asympto-
matic single-rooted incisor teeth,
initially treated more than 4 years
ago, and showing an initial root
filling 2 to 4 mm short of the
radiographic apex. Either rotary
instruments (ProTaper® Universal

Retreatment instruments or HyF-
lex EDM (Coltene-Whaledent), or
reciprocatinginstruments(Reciproc®
Blue instruments (VDW, Germany)
or WaveOne® Gold instruments)
were used.

No solvent was used to remove the
filling materials, 2.5 % NaOCI| and
17% EDTA were used for irrigation
purposes and a lateral condensation
technique was used for all treated
canals, using the compatible gutta-
percha cones and AH Plus® sealer
(Dentsply Sirona). The post-operative
perceived pain was rated with the
Visual Analog Scale (VAS) 24, 48, 72
hours and 7 days after the retreat-
ment. The number of analgesics
intake by patients was also regis-
tered.

The Outcomes are:

* There was a significant reduction
in post-operative pain day by
day with all studied instrument
systems, without any swelling
observations but some flare-ups,
without any significant differences
between the groups (see Table 13,
page 45).

* Therewere nosignificant differen-
ces in the number of analgesics
taken by patients amongst
groups at any each time point.
Only with Reciproc® Blue, the
number of pills used between 24
and 48h and 48 and 72h was sig-
nificantly different.

No significant differences in terms
of post-operative pain or analgesic
intake were observed with these 4
rotary or reciprocating NiTi systems.

Table 13:

Mean postoperative pain values (mean + standard deviation)at each time point.

*Friedman test *Kruskal-Wallis test

24h 48h 72h p*
ProTaper® Universal 37+22 1417 05+0.8 <.001
Retreatment
Hyflex® EDM 29+24 12+14 0.8+17 <.001
Reciproc® Blue 32+2] 19+20 08+12 <.001
WaveOne® Gold 32+22 14 +18 0.6 +1.0 <.001
p** 419 210 728
Table 14:
Number of analgesics pills (mean # standard deviation) consumed at each time point.
*Friedman test **Kruskal-Wallis test

24h 48h 72h p*
ProTaper® Universal 0.36 + 0.68 0N + 0.44 0.00 + 0.00 .000*
Retreatment
Hyflex® EDM 018 £ 0.49 0.04 +0.21 0.04 +0.21 .022*
Reciproc® Blue 0.31+0.73 0.20 £ 0.59 0.09 +0.28 .095
WaveOne® Gold 0.33 £ 0.71 0.16 £ 0.56 0.02 + 0.5 .000*
p** > .05 > .05 >.05
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3.6 Clinical results

@ Take home message on Reciproc® and clinical data

Prospective randomized controlled clinical studies performed on
more than 1500 patients confirmed the performance and safety of the
Reciproc® and Reciproc® Blue solutions for initial root canal treatment
[27-33]. All clinical studies agree that the post-operative pain significantly
decreases with time following a root canal preparation with Reciproc®
or Reciproc® Blue (and other evaluated instruments). Some studies even
concluded that the reciprocating motion, creating less debris extrusion
into the periapical tissues vs. rotary motion, leads to less post operative
pain. Nonetheless, it should be emphasized that there is no consensus
yet on the impact of the instrument motions on the post-operative pain
perceived by patients. No fractures of instruments have been reported
in these prospectives randomized controlled clinical studies.

The chemo-mechanical bacterial reduction after Reciproc® Blue instru-
mentation combined with 5.25% NaOCI| was more than 99% based on
RT-PCR, highlighting its effectiveness in supporting canal disinfection
[36].

Retreatment clinical studies on more than 650 patients confirmed
the performance and safety of the Reciproc® solution [38-43]. No
instrument fractures have been reported [38-43]. Moreover, it was shown
that the post-operative pain significantly decreases with time following
a root canal retreatment with Reciproc® [41, 42].

4 Additional key publications selected
and presented by Prof. Ghassan Yared

The articles mentioned in this
section are an addition to those
cited in Section 3. Key literature
focus.

Disinfection and outcome

Intracanal infection control is crucial
for the healing of apical periodonti-
tis. Until the present time, only one
study compared disinfection and
outcome of treatment using single-
file (Reciproc®) or multiple-file (Race)
systems in single-rooted teeth
associated with apical periodontitis
[44]. The elimination of bacteria and
healing of disease was comparable
for Reciproc® and Race. The results
corroborated those from other studies
showing that the elimination of
bacteria, surrogate endpoint for
treatment outcome [45], following
canal preparation with single file
Reciproc® R25 / Blue was similar to
systems using multiple instruments
[46, 47].

Incidence of instrument fracture

The incidence of Reciproc® Blue
instrument fracture was reported
in numerous studies involving
thousands of canals, in different
types of teeth, in-vivo and ex-
vivo, when used by undergraduate

and graduate students, and endo-
dontists in initial treatments and
retreatments [16, 32, 48-52]. The
results were repeatable among the
studies. They showed a very low
fracture rate for Reciproc® M-wire
(<1%) and no fracture for Reciproc®
Blue. In one in-vivo study, treat-
ments were performed by under-
graduate students [50]. Instrument
fracture occurred in 18/2213 canals
(0.81%). 1464 canals in molars, 458 in
premolars and 291 in anterior teeth
were treated. The rate would be less
if the instruments were not re-used
as recommended by the manu-
facturer: in 16/18 canals with instru-
ment fracture, Reciproc was used
in more than 1 tooth. A few studies
reported the rate of instrument
fracture of modern nickel-titanium
engine driven systems [51, 53-55].
The fracture rates were relatively
highincomparisontothosereported
on Reciproc® and Reciproc® Blue.

Ability to shape severely curved
canals

Several studies evaluated the ability
of Reciproc / blue to shape severely
curved canals. The results were re-
peatable and confirmed that those
instruments were safe and maintai-
ned well the canal curvature [56-61].

Ability to reach working length
without glide path

In addition to the articles cited in the
manual in the context of this topic,
it is important to cite a retrospective
study, on patients, conducted by
Bartols et al. [62]. Reciproc® was able
to reach length without a glide path
in a very high percentage of canals
including MB2/3 canals in the 1t and
2 maxillary molars, during initial
treatments and retreatments. The
obtained results are displayed in
the table below (Table 15 courtesy of
Peer Journal).
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4 Additional key publications

5 Case reports shared
by Prof. Ghassan Yared

Endodontic treatment on upper first molar done for prosthetic reasons.

Table 15:
Obtained results of ability to reach working length without glide path.

Type of Tooth Total MB1RFWL DB Total P Total
treat- type root N (%) RFWL DB RFWL P
ment canals N (%) RFWL% N (%) RFWL%
N
T°PRCTx  First 101 389 100 (99.0) 97.2a 101 (100.0) 100a 101 (100.0) 100a
maxillary
molar
Second 79 260 75 (94.9) 79 (100.0) 79 (100.0)
maxillary
molar i
2°RCTx  First 32 195 47 (90.4) 89.3b 49 (94.2) 92.0b 52 (100.0) 100a w
maxillary o«
molar Figure 13a: Figure 13b:
Second 23 82 20 (87.0) 20 (87.0) 23 (100.0) Reciproc® R25 in the MB canal and gut- Obturation radiograph. The canals were
maxillary ta-percha cones in the P and DB canals, obturated with a cold gutta-percha single
molar at working length. The MB canal was pre- cone and AH Plus® root canal sealer.
Total N 255 926 242 (94.9) 249 (97.6) 255 (100.0) pared with only one Reciproc® R25 instru-

48

ment without an initial scouting and wit-
hout a glide path. Considering the severity
of the curvature, the instrument was not
used to prepare the other canals. The DB
and P canals were shaped in the same
manner, with another Reciproc® R25 inst-
rument.
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5 Case reports

Endodontic treatment on lower first molar presenting with pulp necrosis and apical disease

Figure 14a:
Preoperative radiograph showing the
presence of apical disease.

Figure 14c:
Obturation radiograph. The canals
were obturated with a cold gutta-
percha single cone and AH Plus® root
canal sealer.

Figure 14b:

All 4 canals were prepared with only
one Reciproc R25 instrument, without
an initial scouting and without a glide
path. The radiograph shows the gutta-
percha cones in all 4 canals.

Figure 14d:
Follow-up radiograph at 7 months
showing complete healing.

6 Conclusion

In summary, the following insights
regarding Reciproc® family were
gained:

* PERFORMANCE AND ABILITY TO
DIRECTLY SCOUT AND SHAPE:

In an ex vivo study, the Reciproc®
R25 instrument was able to reach
the full working length without
a glide path in 93.4%, in straight
and moderate curved mandibular
molar canals [16]. An original
study on 300 patients highlighted
the successful use of Reciproc®
R25 as a first instruments (no
K-file) in 8563 % of the cases
in second mesiobuccal canals,
vs. 57.48 % for the K file instru-
ments [17]. Regarding shaping
ability, Reciproc® and Reciproc®
Blue maintain the original canal
curvature [19-21].

* RESISTANCE TO CYCLIC
FATIGUE (FILE SEPARATION):

Reciproc® and Reciproc® Blue
instruments show a very predic-
table and constant resistance to
cyclic fatigue, emphasizing their
reliability and safe use [7, T].
Cyclic fatigue resistance is even
further increased when using
Reciproc® Blue compared to
rotary files and compared to
Reciproc® (M-wire) [7, T1].

LEVEL OF EXPERIENCE:

In the hand of novel users, the
Reciproc® R25 instrument was
successfully used (safe, effi-
cient experience, no fractures),
without any previous instruments
for glide and/or scouting steps,
even in molar anatomy [15].

OBTURATION:

Following a canal preparation
with Reciproc® instrument (most-
ly with R25 only), obturation with
Guttafusion® or with a gutta-per-
cha matching single-cone or via
continuous wave of condensation
technique is successful even in
curved canals, showing a good
gutta-percha filling and minimal
voids [24-26].

CLINICAL DATA:

- Prospective randomized con-
trolled clinical studies performed
on more than 1500 patients lar-
gely confirmed the performance
and safety of the Reciproc® and
Reciproc® Blue solutions for initial
root canal treatment [27-33].

> Retreatment clinical studies
on more than 650 patients confir-
med the performance and safety
of the Reciproc® solution [38-43].

No instrument fractures have
been reported [38-43].

These key peer-reviewed studies,
selected among more  than
650 publications, illustrate that
Reciproc® family is one of the most
heavily researched endodontic NiTi
systems. All together, they empha-
size the simplicity, performance,
safety, and clinical advantages
of Reciproc® family of devices.
Reciproc® should be your endo-
dontic system of choice, for first
treatments and retreatments such
as Reciproc® Blue which even shows
enhanced fatigue resistance. With
both systems, the majority of cases
can be treated with only a single
instrument, the R25, in a simple,
reliable and fast manner thanks to
its forgiving reciprocating motion.
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