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Abstract
Introduction: The purpose of this study was to evaluate and compare the canal transportation and
centering ability of ‘WaveOne’ (WO) and ‘HyFlex-CM’ in moderately curved mesiobucal canals of
mandibular first molars.
Methods: Forty extracted teeth with moderately curved mesiobuccal canals were selected for the study.
Conventional access was performed and the samples were divided into two experimental groups of 20
teeth each. Group A and group B were prepared by using WaveOne and HyFlex CM respectively. Canal
transportation and canal centering ability at coronal, middle and apical third were assessed using
computed tomography (CT).The two groups were statistically analysed using One way analysis of
variance (ANOVA) technique adjusted for multiple comparisons using Tukey’s method in each group,
followed by unpaired t test to evaluate inter-group comparison. The significance was set at P<0.05.
Results: Less canal transportation and better centering ability occurred with the Hyflex CM file system
(P>0.05). The WaveOne file system remained centered but showed significant canal transportation in the
coronal and middle third of the canal (P<0.05). In the inter-group comparison Hyflex CM group caused
significantly less canal transportation at the middle third and superior canal centering ability at the
middle and apical thirds (P>0.05).
Conclusion: The ‘HyFlex-CM’ rotary system demonstrated the best results for all the variables measured
in this study.
Keywords: Wave one, Hyflesx CM, controlled memory wire, computed tomography, canal
transportation, canal centering ability, M-wire

Introduction
Effective cleaning and shaping of the root canal without altering its original shape is essential
to the clinical success of root canal therapy [1-2]. Weine observed that the original canal shape
can change drastically in curved canals at the end of cleaning and shaping procedures [3].
Canal transportation is defined as “the removal of canal wall structure on the outside curve in
the apical half of the canal due to the tendency of files to restore themselves to their original
linear shape during canal preparation” [4]. Centering ability is the ability of the instrument to
stay centered in the canal [5].
Deviation from the original canal axis can lead to inappropriate dentin removal, straightening
of the canal, a biomechanical defect known as elbow and over shaping of the canal resulting in
fracture of the tooth [6-8].
Ni-Ti rotary instruments have substantially reduced the incidence of procedural errors such as
canal transportation [9]. However deviation from the original canal shape may be more
pronounced in some systems than in others [10-12]. Two innovative NiTi systems were recently
introduced, namely waveone (‘Wave One’ Dentsply Maillefer, Ballaigues, Switzerland) and
Hyflex CM (Coltene-Whaledent, Allstetten, Switzerland). WaveOne files are reciprocating
files, made of a special NiTi alloy called M-wire, created by an innovative thermal-treatment
process [13]. M-wire NiTi instruments possess increased flexibility and improved resistance to
cyclic fatigue [14]. This works on the principle of Roane’s balanced Force technique [15].
‘Hyflex CM’ is a NiTi instrument made using the new “controlled memory” technology.
Controlled memory wire (CM wire) is manufactured by a unique process that controls the
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material’s memory, making the files extremely flexible, but
without the shape memory that is typical of other NiTi files
[16]
.
‘Hyflex CM’ is a NiTi instrument made using the new
“controlled memory” technology. Controlled memory wire
(CM wire) is manufactured by a unique process that controls
the material’s memory, making the files extremely flexible,
but without the shape memory that is typical of other NiTi
files [16].
No studies have been published, to date, on comparison
between WaveOne and HyFlex CM rotary endodontic
systems on canal transportation and centering ability.
Computed tomography (CT), a non-invasive technology
allows accurate comparison of endodontic instrumentation at
different levels in the root canal [17].
In this in-vitro study, root canal transportation and centering
ability were determined between ‘WaveOne’ and ‘HyFlex
CM’ rotary endodontic instruments by using Computed
Tomography.
Method: Extracted human mandibular first molars were
collected and stored in 10% buffered formalin solution. A
conventional access cavity was prepared in each tooth and a
glide path was established with a size 10 K-file (Dentsply,
Maillefer) in the mesiobucal canal. Periapical radiographs
were taken with the same instrument in the canal. Pruett’s
method was employed to determine the angle and radius of
canal curvature [18] (Fig 1).
Forty of these teeth with an intermediate radius of curvature
between 4-8mm were selected for the study. Working length
was determined by measuring the end of a size 10 K-file
(Dentsply, Maillefer) placed inside the canal until it was
visible at the apical foramen, and subtracting 0.5mm from the
measured length. For more uniform samples, the crowns were
flattened with diamond coated steel disks, and a final WL of
18mm was achieved for each tooth. All roots were embedded
in Clear Acrylic (DPI cold cure).
Teeth were divided into two experimental groups consisting
of 20 teeth each. All teeth were scanned by Computed
Tomography (CT) to determine the root canal shape before
instrumentation. 1mm thick slices at 3mm, 9mm and 15mm
were selected from the apex to the canal orifice, representing
the apical, middle and coronal third. This was archived onto a
magnetic optical disk. Group-A samples were prepared by
using WO instruments according to the manufacturer’s
recommendations. If a size 10 K-file was very resistant to
movement, WO small file (S; 0.06/20) was used till the WL.
If a 10k-file moved to length easily or was very loose, WO
primary file (P; 0.08/25) was used till the WL.
Group B samples were prepared by using the HyFlex CM
(Coltene whaledent) system according to the manufacturer’s
recommendations. The sequence of instruments used were as
follows: Starting with an orifice shaper 0.08/25, files 0.04/20,
0.04/25, 0.06/20, 0.04/30 were used sequentially. Each
instrument was changed after 4 canals.
For both groups RC-Prep (Premier Dental Products, Plymouth
Meeting, PA) was used as a lubricant during instrumentation.
After the use of each file, canals were irrigated with 3ml of a
5.25% NaOCl solution. 1ml of 17% EDTA was used for 1
minute as a final flush. The post instrumentation scan was
taken under the same criteria as the initial scans taking three
sections into consideration. The data was stored on a magnetic
optical disk.

Fig 1: Determination of the angle and radius of curvature of the root
canal. Method of John Pruett et al. points represents the start (point
b) and the end( point a) of the canal curvature. The curved part of the
canal is represented by a circle with tangents at points a and b. The
length of these lines is the radius of the circle and defines the radius
of the curvature of the canal (16).

Evaluation of canal transportation
The amount of canal transportation was determined by
measuring the shortest distance from the edge of the
uninstrumented canal to the periphery of the root (mesial and
distal) in the initial scan. This was then compared with the
measurements obtained from the instrumented images.
As shown in (Fig 2) a1 represents the shortest distance from
the outside of the curved root to the periphery of the
uninstrumented canal; b1 represents the shortest distance from
the inside of the curved root to the periphery of the
uninstrumented canal; a2 represents the shortest distance from
the outside of the curved root to the periphery of the
instrumented canal; b2 represents the shortest distance from
the inside of the curved root to the periphery of the
instrumented canal [19].
The formula used for the calculation of canal transportation
was: (a1 – a2) - (b1 – b2) According to this formula, a result
other than zero (0) indicates that transportation has occurred
in the canal.
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Fig 2: Representation drawing of tooth sections showing how
transportation and centering ratios were derived. Uninstrumented
image (left): original canal space represented by dark shaded area.
Instrumented image (right): light shaded area represents canal’s
shape after instrumentation.
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Table 1: Statistical Analysis of the Mean Values for Canal
Transportation (mm) and the Canal Centering Ratio for the Tested
Groups

Evaluation of centering ability: Centering ability was
calculated for each section by using the following ratio: (a 1 –
a2)/ (b1 – b2) or (b1 – b2)/ (a1 – a2). According to this formula,
a result of one (1) indicates perfect centering.

N

Statistical Analysis: The results were evaluated statistically
by using one-way analysis of variance followed by the post
hoc Tukey honestly significant difference (HSD) test to
explore canal transportation and canal centering ability in
each group. The unpaired t test was applied for the intergroup comparison. A P value less than 0.05 was considered
significant.
Results
Mean Values for Canal Transportation (mm) and the Canal
Centering Ratio for the Tested Groups by using ANOVA are
shown in Table 1. Comparing the mean values of
transportation (mm) among the tested levels in each group,
the WaveOne group recorded significant transportation at the
coronal and middle level of the canal, while transportation at
the apical third was statistically insignificant. The Hyflex CM
group showed statistically insignificant difference in the mean
of transportation (P>0.05). The results also revealed no
significant difference in the pre and post instrumentation
difference ratio of canal centering in each group when
evaluated separately.
Table 2 represents the inter-group comparison at Coronal,
Middle and Apical area with respect to Mean Values for canal
transportation and canal centering ratio. Wave One recorded
significantly higher mean of canal transportation in the middle
third of the canal (P<0.05) than compared to Hyflex CM (Fig
3). Hy Flex CM files were shown significantly better canal
centering ability than Wave One at the middle and apical
thirds (P>0.05).

Wave One

Hyflex CM

WaveOne
Hyflex CM

20
20
20
20
20
20
20
20
20
20
20
20

Level
Mean ±standard deviation
Canal transportation
Coronal
0.035±0.05
Coronal
1.35±0.49
Coronal
1.1±0.380.
Middle
14±0.15
Apical
0.06±0.07
Coronal
0.035±0.06
Middle
0.05±0.07
Apical
0.025±0.04
Canal centering ratio
Middle
1.76±0.72
Apical
1.6±0.68
Middle
1.3±0.64
Apical
1.2±0.38

P value

0.003a

0.398b

0.132b
0.427b

A P<0.05 was considered significant. Different superscript letters
indicate statistical significant differences.
Table 2: Comparison of two groups (WaveOne and Hyflex CM) at
Coronal, Middle and Apical area with respect to Mean Values for
canal transportation and canal centering ratio by unpaired t-test
Groups
WaveOne
Hyflex CM
WaveOne
Middle
Hyflex CM
WaveOne
Apical
Hyflex CM

Coronal

WaveOne
Hyflex CM
WaveOne
Middle
Hyflex CM
WaveOne
Apical
Hyflex CM

Coronal

Mean ±standard deviation
Canal transportation
0.035±0.05
0.035±0.06
0.14±0.15
0.05±0.07
0.06±0.07
0.025±0.04
Canal centering ratio
1.4±0.49
1.1±0.38
1.8±0.72
1.3±0.64
1.6±0.68
1.2±0.38

t-value P value
0.00

1d

2.48

0.019a

1.97

0.063d

1.8

0.08d

2.14

0.0.4b

2.3

0.03c

Fig 3: CT scan images before and after instrumentation with Hyflex CM (left) and WaveOne (right).

Discussion
A new generation of NiTi endodontic instruments has evolved
to potentially allow shaping of narrow curved root canals
without causing aberrations, by virtue of their increased
flexibility and shape memory [20]. Patterns of motions such as

rotational and reciprocating have been advocated to shape the
canal. The present study aimed to compare the shaping ability
of two recently developed rotary file systems: Wave One and
Hyflex CM. Mesiobuccal canals of moderately curved
mandibular first molars were standardized to radii ranging
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from 4mm to 8mm and root canal curvatures ranging from
25° to 30° as suggested by Pruett et al. [18] Pruett’s method
overcomes the limitations of other methods such as Schneider
and Weine techniques by measuring both angle and radius of
curvature. The methodology used in this study to evaluate the
canal transportation and centering ability of the two rotary
systems was modeled on the studies conducted by Richard
Gergi et al. [19] and Gambill et al. [5]. Computed tomography,
is a non-destructive technology, advocated for pre and post
instrumentation evaluation of canal. It can render highly
accurate and quantifiable cross-sectional (cut plane) and 3D
images [21, 22].
In the present study, after instrumentation, WaveOne caused
significant transportation at the coronal and middle level of
the canal. However, transportation at the apical third was
statistically insignificant. On comparing Hyflex CM and
WaveOne, WaveOne showed significantly higher canal
transportation in the middle third of the canal. The noncutting tip design, acts as a guide to allow easy penetration [23]
and the modified convex triangular cross section with radial
land, in the apical part of the file, distributes pressure evenly,
allowing more uniform circumferential cutting at the apical
third of the canal [24]. This change to a neutral rake angle, with
a sharper triangular cross section in the middle part of the file
leading to more uneven cutting and greater canal
transportation at the middle third [13]. Marzouk and Ghoneim
et al. stated multiple tapers along the cutting length of
waveOne file could be the reason for increased canal
transportation when compared to continuous rotation motion
[25]
. Testarelli et al. contradicted this, claiming that the thermo
mechanical procedure used for the manufacture of single
reciprocating files, makes these instruments more flexible and
Superelastic leading, in fact, to less aberrations throughout the
canal [26].
The results of pre and post instrumentation difference ratio of
canal centering, in the present study were insignificant in both
the groups, when each group was evaluated separately. The
WaveOne file has a reverse helical design and a
counterclockwise engaging angle that is five times the
clockwise disengaging angle. Berutti claimed that this
enhances canal centering ability leading to less invasive root
canal preparation throughout the canal [27]. Burklein et al.
compared the shaping ability of a reciprocating file system
with other rotary instruments and concluded that all
instruments maintained canal curvature well [13] Elio Berutti et
al. concluded that the WaveOne file respected original canal
curvature compared with the ProTaper system [27].
Hyflex CM files showed insignificant post instrumentation
difference in canal transportation and canal centering ability.
Hyflex CM files maintained original canal anatomy uniformly
throughout the canal. On comparing Hyflex CM and
WaveOne, HyFlex CM caused significantly less canal
transportation in the middle third than WaveOne. It has been
proved that the multiple-file continuous rotary system resulted
in significantly lower canal transportation when compared to
single reciprocating files [25]. HyFlex CM files are
manufactured with a unique thermo mechanical process that
controls the material’s memory, making the files extremely
flexible [28]. This increases the ability of the file to follow the
anatomy of the canal very closely and reduces the risk of
transportation, ledges and perforation [29].
Hyflex CM files demonstrated centering ability superior to
that of the WaveOne file system. Zhao et al. showed
Controlled Memory files (Hyflex CM files) resulted in
adequate canal shape throughout the length of the canal with

no major shaping errors [16]. Testarelli L et al. reasoned that
this could be because controlled memory files (Hyflex CM
files) were bendable and more flexible than conventional
superelastic NiTi files [26]. The alloy is more ductile, thus
keeping the instrument centered in the canal [30]. In addition,
the critical stress for martensite reorientation of CM wires is
in the range of 128-251Mpa at room temperature and the
ultimate tensile strength CM wires is about 1094Mpa. These
indicate superior flexibility of CM wire compared to
conventional NiTi wire [28].
In contrast to the results of the present study, Franco V et al.
found that reciprocating files were more centered than
continuous motion files [31].
Within the parameters of this study, it can be concluded that
the ‘HyFlex-CM’ rotary system demonstrated the best results
for all the variables measured in this study. HyFlex CM
showed superior canal centering ability and performed better
than the WaveOne file system in the middle third, with regard
to canal transportation. However, in the apical third of the
canal both the file system performed equally well.
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