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Objectives: The study was to compare the shaping ability of Reciproc (VDW) and
WaveOne (Dentsply Maillefer) instruments compared with ProTaper, Profile and hand
instrument during the preparation of simulated root canals. Materials and Methods:
Five groups (n = 5) were established. Reciproc, WaveOne, ProTaper, Profile and K file
(K-flexo file) were used to prepare the resin simulated canals. A series of preoperative
and postoperative images were taken by a microscope and superimposed in 2 different
layers. The amount of resin removed from both the inner and the outer sides of the
canal was measured to the level of 10 mm from the apical tip, with a 1 mm increment.
Results: The mean of resin removal from the inner canal wall was not different from
the outer canal wall for Reciproc and WaveOne groups at apical third (1 - 3 mm level).
There was no difference in the change of working length and maintenance of canal
curvature. NiTi instruments are superior to stainless-steel K file in their shaping ability.
Conclusions: Within the limitation of this present study, Reciproc and WaveOne
instruments maintained the original canal curvature in curved canals better than
ProTaper and Profile, which tend to transport towards the outer canal wall of the curve
in the apical part of the canal. (Restor Dent Endod 2012;37(4):220-227)
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Introduction

Effective cleaning and shaping the root canal system is the primary objective of root
canal instrumentation. The root canal should be cleaned and shaped to allow three-
dimensional obturation. The ideal prepared root canal should have a continuously
tapering funnel shape that preserves the original anatomy with the smallest diameter
at the end point and the largest at the orifice providing adequate canal shape to fill
the canal."?

Shaping the canal is the most time-consuming and difficult factor of root canal
therapy. Many techniques, devices, and instruments such as stainless steel hand
instruments or nickel-titanium rotary instruments have been introduced to produce the
appropriate root canal preparation.

The use of stainless steel hand files is time consuming and tiring, and it produces
a high level of procedural errors.” Since Walia et al. introduced nickel-titanium
(NiTi) alloy called Nitinol,“ NiTi files in clinical practice has benefited the efficacy of
endodontic practice by accuracy, speed, quality and risk reduction compared with the
previously used manual stainless steel files because of their greater flexibility, better
resistance to torsional fracture and the shape memory effect.”® The use of nickel-
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titanium instruments have reduced operator fatigue and
enhances the success rate of root canal treatment in
comparison with stainless steel hand instruments.”™ As a
result, there are several engine-driven systems available in
dental market that use NiTi instruments of varying designs
and dimensions now.

The use of balanced forces technique, the use of
clockwise and anticlockwise movements in the preparation
of root canals, was introduced in 1985." This technique
allows maintenance of the original canal shape in curved
root canal during preparation.”

The concept of reciprocating motion based on balanced
force technique was introduced by Yared, who utilized the
single F2 ProTaper instrument (Tulsa Dentsply, Tulsa, OK,
USA) in reciprocating motion to shape root canals.” This
was shown to be as effective as the full ProTaper system in
cleaning around root canals and extruding similar amounts
of apical debris. Recently, two different reciprocating
systems were introduced: Reciproc (VDW, Munich,
Germany) and WaveOne (Dentsply Maillefer, Ballaigues,
Switzerland). Both instruments have been designed for use
in reciprocation (Figure 1).

These new systems suggest that the instrument designs
can complete shaping the root canal with single file
instrumentation. Thus, only one instrument is required to
prepare a root canal. The Reciproc manufacturer suggests
that only one of the three files is required to prepare a root
canal: R25 (tip size 25 with a taper of 0.08 over the first
apical millimeters), R40 (tip size 40 with a taper of 0.06
over the first apical millimeters), or R50 (tip size 50 with
a taper of 0.05 over the first apical millimeters). According
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Shaping ability of reciprocating instruments

to WaveOne manufacturer, WaveOne single file is enough to
fully shape the root canal. WaveOne NiTi files are available
in three sizes: small (tip size 21 with a taper of 0.06),
primary (tip size 25 with a taper of 0.08) and large (tip
size 40 with a taper of 0.08).

Although successful therapy depends on many
parameters, one of the most important factors in any root
canal treatment is canal preparation. This is essential
because preparation determines the efficacy of mechanical
debridement and ideal canal geometries for adequate
obturation.™ To date few investigations into the shaping
ability of reciprocating files have been carried out. The
purpose of the present study was to compare the shaping
ability of new Reciproc and WaveOne instruments compared
with ProTaper, Profile and hand instruments during the
preparation of simulated root canals in resin blocks.

Materials and Methods
Resin blocks

A total of 25 simulated root canals in transparent resin
blocks (Dentsply Maillefer) were used in this study. All
canals were 19 mm long, consisting of a 13 mm long
straight coronal part, and a 6 mm long curved apical part.
Each of these blocks had a 40-degree curvature according
to Schneider method and each apical canal diameter
was equivalent to an ISO size #15." To produce efficient
irrigation, the apical foramen communicated with the
outside of the resin block.

Figure 1. New reciprocating systems. (a) Reciproc file (R25, R40, R50) and Silver Reciproc reciprocating
engine (VDW, Munich, Germany); (b) WaveOne file (small, primary, large) and WaveOne motor (Dentsply

Maillefer, Ballaigues, Switzerland).
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Imaging system

Prior to instrumentation, a series of photographs were
taken using microscope (OPMI PRO Ergo, Carl Zeiss,
Oberkochen, Germany) at 4.5 magnification. A video
camera (HDR-PJ580, SONY, Tokyo, Japan) was firmly fixed
to the microscope. Preoperative canals were filled with
India ink (black) to accomplish a clear image of the canal.
Landmarks were made with a pen in the four corners of the
resin blocks.

A mold which was made for this study was placed on
a stable support. This special mold made the accurate
superimposition of the pre- and postoperative images
possible. A preoperative digital image of the canal was
taken and stored, and then resin block was removed to
allow canal preparation. Once the simulated canal was
prepared, each specimen containing the canals was placed
in the mold and fixed into position. The image of the
canals was taken and stored again.

Following the completion of instrumentation, a
photograph of each canal was taken at the same
magnification as that used prior to instrumentation.
And the postoperative canals were colored with India
ink (red) to improve the outlines. The preoperative and
postoperative images were superimposed exactly in 2
different layers using Photoshop software (Adobe Systems,
San Jose, CA, USA). The landmarks guaranteed a precise
matching of pre- and post-instrumentation images.

Preparation of the simulated canals

Five groups (n = 5) were established. All canals were
prepared by same operator experienced in preparation. The
preparation followed the instructions of the manufacturer.
The instrumentation was completed gently with an in-and-
out motion and each canal was prepared until reaching
the working length. On reaching the appropriate working
length, the instrument was immediately withdrawn.

Group 1 (Reciproc)

Reciproc R25 was used with a pre-programmed setting of
a Silver Reciproc reciprocating engine (VDW) with 'Reciproc
all' mode. The instrument was pulled out of the canal after
3 pecks or when resistance is encountered. The instrument
was used in a lateral brushing motion.

Group 2 (WaveOne)

WaveOne primary instrument having a size 25 was
used with a pre-programmed setting of a Silver Reciproc
reciprocating engine with 'WaveOne all' mode. It was the
same movement as Reciproc.

Group 3 (ProTaper)
The preparation sequence of ProTaper instruments was as
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follows. S1 and S2 were used to 1 mm short of the working
length. And then F1 and F2 instrument (apical size 25)
were used to the working length.

Group 4 (Profile)

The preparation sequence of Profile instruments was as
follows. #30 .06, #25 .06 and #30 .04 instruments were
used to 3 mm short of the working length. And then #25
.04 and #25 .06 instruments were used to the working
length. The instrumentation of ProTaper and Profile was
accomplished with an X-Smart motor (Dentsply Maillefer).

Group 5 (K file)

The simulated root canals were prepared with step-back
preparation technique 1 mm per file to a size 40, with a
MAF of #25.

During the preparation procedure, each resin block
was placed in an opaque mold and it concealed the
specimen during the preparation so that the process
was carried out with tactile sense only. It facilitates the
handling of the resin block. But the operator knew the
direction of the curve of each canal. The root canal was
flushed with water by using a plastic syringe with a 27
gauze needle. Throughout the preparation a needle was
inserted as deep as possible into the root canal without
binding. The patency and recapitulation were performed
between instruments changes with a #10 K file. Between
instrumentation, the file flute was cleaned to remove resin
debris.

Assessment of root canal preparation

To investigate the shaping ability of endodontic
instruments, the amount of material removed at the
different levels in the root canal, the change of working
length and the maintenance of canal curvature were
measured.

The amount of resin removed from both the inner (convex)
and the outer (concave) sides of the canal in 1 mm steps
were measured. 10 circles were described and the center of
each circle was the apical point of the canal. A radius of
the first circle was 1 mm from the apical point of the canal
and the a radius of the last circle was 10 mm from the
apical point, resulting in a total of 20 linear distance (10
points at the out and 10 points at the inner side) (Figure
2)."® The image calibration was performed by a digital
image processing system (AutoCAD 2012; Autodesk Inc.,
San Rafael, CA, USA).

The degree of straightening was evaluated by measuring
the angle between pre- and post-instrumentation images.
The angle of canal straightening was determined according
to Schneider.”

The final length of each canal was investigated following
the preparation. The loss of working length was determined

http://dx.doi.org/10.5395/rde.2012.37.4.220
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Figure 2. The positions of measurement are outlined by
the ten concentric circles.

by subtracting the final length from the original length of
each canal.

Statistical analysis

Mean and standard deviation were calculated for each
group. One-way ANOVA and Tukey post hoc tests were used
to compare the data using SPSS 17.0 (SPSS Inc., Chicago,
IL, USA). Paired t-test was used to analyze difference
between the mean material removed from the inner canal
wall and from the outer canal wall at all measuring points
for each system. The level of statistical significance was
set at p < 0.05.

Shaping ability of reciprocating instruments

Figure 3. Superimposed image of each canal. (a) Reciproc;
(b) WaveOne; (c) ProTaper; (d) Profile; (e) K-file.

Results
Amount of resin removed

For evaluation, the pre-operative and post-operative
images were superimposed (Figure 3). The mean amount of
material removed at both the inner and outer canal walls is
detailed in Table 1 and Figure 4. Statistical analysis using
paired t-test revealed that in the mean resin removal, there
were differences at all levels except the apical third (1 - 3
mm level) of the Reciproc and the WaveOne group; 2, 4 mm
level of ProTaper; 5 mm level of Profile and 9, 10 mm level

Table 1. Width of material removed at different measuring points after instrumentation

Width of material removed (pym)

Instrument  From the apex

(mm) 1 2 3 4 5 6 7 8 9 10

Inner 91.52 (7.98) 141,04 (25.47)  198.80 (29,32) 28411 (41.65)  383.08 (57.77)  442.89 (45.64)  401.80 (27.61)  351.94(28.22)  333.37(16.70)  343.80 (18.29)

Reciproc Outer 135.08 (32.15)  160.03 (23.62)  183.12(16.25) 19550 (12.10)  156.08 (22.06) ~ 129.24(22.60)  178.93(13.89)  272.05 (6.07) 307.71(13.72)  320.67 (8.38)
p value 0.052° 0.212° 0.052° 0.014 0.002 0.000 0.000 0.004 0.006 0.024

Inner 91.25 (17.86)  124.05 (18.07) 152.83 (6.18) 210.09 (24.85)  318.55(27.08)  419.95(26.21)  385.14(22.37)  305.69 (45.56)  326.68 (15.53)  354.38 (12.17)

Waveone QOuter 110.40 (9.68) 14836 (23.09)  199.32 (9.84) 209.51 (10.66) 18159 (10.04)  148.18(10.63)  212.08(11.55)  292.75(11.19)  325.49 (8.54) 348.18 (16.28)
p value 0.152° 0177 0177 0.950° 0.001 0.000 0.000 0.634° 0.893° 0.640°

Inner 71.87 (6.44) 112,61 (1157)  139.03 (17.20) 19149 (24.90)  316.46 (23.95)  447.66 (11.61)  416.39 (10.73)  368.64 (14.82) 34810 (1.75)  343.79 (9.30)

ProTaper Outer 141,98 (12.71)  203.05(33.14) 25054 (26.84)  239.64 (26.50)  195.14(14.07)  125.12(12.52) 18136 (30.23)  247.12(18.63)  289.54(15.12)  313.74 (8.49)
p value 0.000 0.07° 0.004 0.095° 0.002 0.000 0.000 0.001 0.008 0.001

Inner 4407 (4.47) 66.74 (9.83) 90.08 (10.31)  111.66 (5.93) 174.92 (11.52)  265.85 (8.56) 293.33(19.87)  288.06(18.21)  319.99(10.23)  360.84 (16.64)

ProFile Outer 12756 (18.65)  128.28(10.06)  151.61(20.71)  183.65(16.52)  216.69 (36.55)  161.69(14.25) 185.13 (22.95)  243.71(23.98)  267.26(17.08)  260.00 (17.07)
p value 0.000 0.001 0.010 0.001 0.075° 0.000 0.003 0.027 0.011 0.001

Inner 45.55 (10.70) 54.69 (11.85) 99.64 (17.80)  187.47 (27.50)  297.93 (24.87) 33641 (54.15)  277.34 (64.24)  206.28 (46.01)  209.29 (76.34)  139.30 (11.74)

K-file Outer 357.76 (53.67)  37171(60.91)  318.12 (43.41)  283.63 (5L.03)  147.75(35.10) 58.73 (11.07) 57.42 (13.48) 93.26(10.36)  119.07 (14.17) 14111 (11.15)
p value 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.010 0.073° 0.717°

The numbers in parentheses are standard deviations.

a, The values are statistically not different (Paired t-test, p > 0.05).
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Figure 4. Average thickness of canal wall removal by 5 instruments measured at various levels.

of the K file group.

The one-way ANOVA test showed that there was a
significant difference between the mean ratios of material
removal (inner/outer) (Table 2).

Straightening of the original curvature

The mean degree of straightening of the curved canals is
shown in Table 3. Canal straightening ranged between 3.74°
and 0.71°. The use of Reciproc and WaveOne instruments
resulted in less straightening during instrumentation
compared to other instruments, although this difference
was not statistically significant (p > 0.05).

Change of working length

All canals remained patent following instrumentation,
thus none of the canals were blocked with debris. None of
the canals had overextension after preparation, whereas a
loss of working length was found. The mean loss of working
length that occurred with different instruments is listed in
Table 4. There was not any significant difference in the loss
of working length among the groups (p > 0.05).

Discussion

Successful endodontic therapy is dependent upon the
dentist's ability to clean and shape the root canal safely
and effectively. This study attempted to compare the
efficiency and shaping ability of the new single-file systems
Reciproc and WaveOne with the established ProTaper and
Profile instruments. Reciproc and WaveOne are commercially
available instruments designed specifically to be used in
reciprocating motion.

Generally, to evaluate the shaping abilities of different
instruments, two experimental models have been used;
simulated root canals in resin blocks and root canals in
extracted human teeth. Although the use of real teeth
provides conditions that are close to the clinical situation,
it has large variations in the root canal morphology.” Resin
blocks are able to standardize the conditions in terms of
diameter, length and angle of curvature of the original
canal shape and allow direct comparison of the shaping
ability of different instruments." However, the simulated
canals in resin blocks do not represent the action of the
instruments in the root canals of natural teeth. One of
the drawbacks of using rotary instruments in resin block

Table 2. Inner and outer material removal at different measuring points

Distance from the apex (mm)

Instrument
1 2 3 4 5 6 7 8 9 10
Reciproc ~ 072(0.20)  0.89(0.14)  1.08(0.10)  1.46(0.24)  251(0.56)  3.44(0.37)  2.25(0.14)  1.29(0.10)  1.08(0.03)  1.07 (0.04)
Waveone  0.84(0.19)  0.85(0.16) 0.7 (0.05)  1.00(0.08)  1.76(0.21)  2.85(0.32)  1.82(0.18)  1.05(0.17)  1.00(0.05)  1.02 (0.07)
ProTaper ~ 051(0.04)  057(0.12)  0.57(0.11)  0.81(0.16)  1.63(0.21)  3.61(0.40)  2.35(0.35)  150(0.14)  1.21(0.09)  1.10(0.02)
ProFile 0.35(0.06)  053(0.09)  0.61(0.13)  0.61(0.07)  0.83(0.13)  1.65(0.12)  1.61(0.22)  1.19(0.12)  1.20(0.10)  1.39(0.12)
K-file 0.13(0.03)  0.5(0.04)  031(0.04)  0.67(0.05)  2.07(0.28)  5.85(1.07)  495(1.03)  2.27(0.67)  1.80(0.68)  0.99 (0.07)
p value <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

The numbers in parentheses are standard deviations.
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Shaping ability of reciprocating instruments

Table 3. Degree of straightening of curved canals (°) after canal preparation

Instrument
Reciproc Waveone ProTaper ProFile K file
Straightening 3.71 (0.32) 3.74 (0.45) 2.94 (0.66) 3.40 (0.08) 0.71 (0.33)
The numbers in the parentheses are standard deviations.
Table 4. Loss of working length (mm) after canal preparation
Instrument
Reciproc Waveone ProTaper ProFile K file
Loss of working length 0.36 (0.08) 0.43 (0.26) 0.58 (0.26) 0.41 (0.16) 0.30 (0.18)

The numbers in the parentheses are standard deviations.

is heat generation, which may soften the resin material,
leading to binding of cutting blades, and separation of
the instrument.>*® However, provided that the conditions
are the same for either instruments or techniques tested,
a comparison or the resultant shape of the canal using
simulated canals in resin blocks may be a valid substitute
for natural teeth."

Measurements were determined at the certain distinct
points. In previous studies, measurements were made at a
total of nine positions; width at the end-point, width of
the zip (when present) at its widest point, width of the
elbow (when present) at its narrowest point, width at the
apex of the curve of the original canal. width at the wide
zone (when present) coronal to the elbow corresponding
to the 'danger zone', width at the beginning of the curve,
width at a narrowing of the canal (when present) coronal
to the curve, width at a point half-way between the curve
and the orifice, and width at the orifice and modification
of the this method was used.”®* In the present study,
measuring points could be defined using the method
described by Schéfer et al.'® By this method, we were able
to maintain certain distance from the apical foramen and
remove any subjective factors that might influence in
deciding the measuring point.

When comparing the shaping abilities of different
preparation systems of different root canal instruments, it
is important to have similar apical preparation diameter.*?
In this investigation, the final apical diameter in all groups
was a size 25. For single-file systems, the Reciproc R25 file
and the WaveOne primary reciprocating file were selected.
These instruments had the same tip size of 25. This were
performed in accordance with the recommendation of the
manufacturers as these sizes are designated for narrow and
curved canals when a hand instruments do not passively
reach the full working length.

Whereas ProTaper, Profile and hand instruments have

http://dx.doi.org/10.5395/rde.2012.37.4.220

various apical sizes with gradual increase, Reciproc and
WaveOne have omitted the conventional increments and
offer apical widths of apical size 25 and 40. And the risk
of transportation always increases in curved canals and
with the increase of file size. Wider apical preparation
might result in some canal straightening and undesirable
weakening of the tooth structure, whereas minimal
enlargement may leave tissue remnants and infected dentin
behind.”* Thus, the Reciproc R25 file, the WaveOne primary
reciprocating file, ProTaper F2, Profile #25 .06 and #25 K
file were selected for this study.

The main parameters were used to evaluate the shaping
ability while protecting the curvature of the canal and
maintaining a good centering ability. Substantial curvature
in the root canals lead to increased difficulty in root
canal preparation.””® Several studies have determined the
curvature of the root canals.”*?" To describe the severity
of curved canals, Schneider initially put forward the
concept of the angle of root canal curvature. The degree
of canal curvature was defined as the angle between the
long axis of the canal and a line from the point of initial
curvature to the apical foramen.” To describe the canal
curvature, Schneider method which is the first and still
most common method was used in this study. This method
has limitation in that the radius of curvature is not
considered as an important second parameter.”” But it is
still a simple and generally accepted method for measuring
root canal curvatures.

Statistical analysis using paired t-test revealed that
in the mean resin removal, there were differences at all
levels except the apical third (1 - 3 mm level) of Reciproc
and WaveOne group; 2, 4 mm level of ProTaper; 5 mm
level of Profile and 9, 10 mm level of K file group. This
indicated that in the groups of Reciproc and WaveOne, the
instrument had a tendency to maintain the centering in
the apical 1 - 3 mm of the canal (Table 1).
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These instruments should be used cautiously to avoid
excessive removal at the inner curve, leading to danger
zones and straightening of the canal. According to the
results of the present study, in all groups the resin was
removed more from the outer side of the curvature in
the apical 1 - 3 mm except at the apical 3 mm level of
Reciproc group, indicating a slight outer widening of the
canal. ProTaper instruments removed more resin on the
inner side of the curvature in comparison with the outer
side of the curvature.” This study found that stainless steel
instrument led to more preparation at the middle level
(curved region) than NiTi instruments. This result indicates
that NiTi instruments decreased the risk of strip perforation
in the curved canals. Stainless steel hand file has a high
frequency of preparation errors probably as a result of the
inherent stiffness of the metal. In most circumstances,
the use of stainless steel files in narrow curved canals
is difficult and limits apical enlargement thus hindering
obturation."*?

The inner/outer ratio is closed to 1 at apical 5, 6 mm
level using Profile and apical 3 mm using Reciproc and
WaveOne. This demonstrates that better compliance with
original canal shape was obtained. A possible difference
between the instruments can be the reciprocating
movement. Previous studies have assessed ProTaper
instruments when used in a reciprocating working motion
regarding preparation of curved root canals.”***° To
overcome the root curvature, 'balanced forced technique'
was proposed by Roane et al. in 1985." Reciprocal action
is the specially designed to work in a similar manner but
in a reverse balanced force motion. A large rotating angle
in the counter clockwise motion determines the instrument
advances in the canal and engages dentin to cut it,
whereas a smaller angle in the clockwise motion allows
the file to be immediately disengaged and safely progress
along the canal path, while reducing the effect of a
screwing effect and file breakage. These angles are specific
for the different instruments. According to manufacturer,
Reciproc is 150° counter clockwise then 30° clockwise
rotation, while WaveOne is 170° counter clockwise then
50° clockwise rotation. These differences could have
influenced the results of this study.

The straightening of curved root canals is one of major
problems during root canal preparation. In order to
reduce canal aberrations, new NiTi instruments have
been developed. In 2007, a new NiTi M-Wire (Dentsply
Tulsa Dental Specialties, Tulsa, OK, USA) technology was
produced in an advanced thermal treatment process.
The manufacturer states that M-wire is used to produce
instruments with greater resistance to cyclic fatigue and
greater flexibility than traditional NiTi alloy.*"** Reciproc
and WaveOne are manufactured with M-wire NiTi alloy.
The mean straightening ranged between 2.94 when using
ProTaper and 3.74 when using WaveOne. Although there
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is no statistical significance, Reciproc and WaveOne
tend to be less straightened and K-file tends to be more
straightened than other instruments. There was no
statistical significance in the difference of working length
loss within the groups. These findings are consistent
with the observation of other investigators who observed
the minimal decrease in working distance occurring with
rotary NiTi instruments,”"” but the authors of these studies
doubted the clinical significance of the findings.

In present study, the shaping ability of different
instruments including single file system was investigated
by the amount of resin removed, straightening of the canal,
and change of the working length. Because reciprocating
movement uses pecking motion, the force applied to the
apical portion can cause side-effects such as microcracks.
Other important parameters are still needed to understand
reciprocation and their influence on the shaping ability of
these instruments.

Conclusions

Within the limitation of this present study, NiTi
instruments are superior to stainless-steel K file in their
shaping ability. Reciproc and WaveOne instruments
maintained the original canal curvature in curved canals
better than ProTaper and Profile, which tend to transport
towards the outer canal wall of the curve in the apical
part of the canal. Thus, both single-file systems showed
relatively good shaping ability and can be suitable for
shaping of curved canal with only one instrument.

Conflict of Interest: No potential conflict of interest
relevant to this article was reported.
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