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Introduction
Root canal shaping is an essential step of endodontic treatment. The objectives of the root 

canal preparation are to remove remaining pulp tissues and eliminate microorganisms and their 
by-products through a chemomechanical preparation combining a mechanical instrumentation 
and antibacterial irrigation. Nickel-Titanium (NiTi) rotary instruments are commonly used for 
shaping due to their capacity to create well-tapered canal preparations. Compared with manual 
instrumentation, they are able to reduce the shaping time and the risk of procedural accidents 
such as canal transportation [1]. The NiTi alloys are known to be super-elastic. This property has 
yet been improved with the innovative heat treatment that transforms the molecular structure of 
the alloy. Indeed, the thermal treatment increases the flexibility and cyclic fatigue resistance of the 
instruments [2,3]. However, in spite of these advantages, the complexity of endodontic anatomy 
and particularly canal curvatures is considered to be the major risk of instrument fracture caused 
by bending cyclic fatigue and torsional stresses [4]. This risk can be reduced by creating a glide path 
before using NiTi rotary instrumentation in order to prevent torque failure and cyclic fatigue [5]. 
Moreover, several studies have demonstrated that mechanical glide path improves the preservation 
of the canal anatomy [6,7]. Initially, this step was performed with hand files. Thereafter, NiTi rotary 
files were introduced for creating a mechanical glide path. Among them, Proglider (PG) (Dentsply 
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Abstract
Purpose: To evaluate the canal transportation and centering ability of the WaveOne Gold® (WOG) 
system with a mechanical glide path carried out in continuous rotation and with a reciprocating 
motion using Cone Beam Computed Tomography (CBCT).

Methods: 54 extracted mandibular incisors with canal curvature <35° were divided into 3 groups 
(n= 18). Each group was randomly assigned to manual K and H-files (MF/WOG), Proglider (PG/
WOG) of WaveOne Gold Glider® (WOGG/WOG) for glide path preparation. Each canal was then 
shaped with WOG to working length. The teeth were scanned before and after instrumentation 
and CBCT images were superimposed by using the Romexis software. Canal transportation and 
centering ratio were then calculated at 3 levels (4 mm, 7 mm and 11 mm from the apical end). Data 
were analyzed using 2 tests: Kruskal-Wallis test and Mann-Whitney test (P<0.05).

Results: At 7 mm (middle section) the groups PG/WOG and WOGG/WOG showed significantly 
less transportation and better centering ratio compared to the group (MF/WOG).

Conclusion: The mechanical glide path improved shaping ability of WaveOne Gold® and led to 
less canal transportation. Although no difference was observed between continuous rotation and 
reciprocating motion glide path, the reciprocating motion represents a reliable approach for glide 
path preparation.

Keywords: Centering ratio; Cone-beam computed tomography; Glide path, Proglider®; 
WaveOne Gold Glider®; Canal transportation
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Maillefer, Ballaigues, Switzerland) consists of a single instrument 
manufactured from M-Wire alloy. This file has a variable taper 
with 0.02 taper and 0.16 mm diameter at tip. More recently other 
systems using the reciprocating motion were introduced to decrease 
the impact of cyclic fatigue compared with a rotational motion 
[8]. Hence, WaveOne Gold Glider® (WOGG) (Dentsply Maillefer, 
Ballaigues, Switzerland) and R-Pilot (VDM) are two single glide path 
files, designed to be used with reciprocating motion. WaveOne Gold 
Glider® files exhibit a variable taper from 0.02 to 0.06 with 0.15 mm 
diameter at its tip. This file is manufactured from heat treated NiTi 
M-WireTM alloy and has two different cross-sections: a modified 
convex triangular cross-section at the tip and a convex triangular 
cross-section in the middle and coronal portion.

Various methods have been used to evaluate instrumentation of 
different NiTi rotary systems [9,10], including Cone Beam Computed 
Tomography (CBCT) [11,12]. CBCT is a modification of the 
computed tomography providing 3-dimensional images with a high 
resolution. Image acquisition is rapid and can be performed before 
and after instrumentation without distortion. Thus, it is possible to 
use this method for geometric analysis of root canal area [11,12].

The aim of this study was to evaluate the canal transportation and 
centering ability of the WaveOne Gold system with a mechanical glide 
path carried out in continuous rotation (PG) and with a reciprocating 
motion (WOGG) using CBCT. The null hypothesis was that there 
would be no differences between groups after glide path and shaping.

Materials and Methods
Specimens selection and groups

The 66 human mandibular incisors extracted for periodontal 
reasons were used under a protocol approved by the local ethical 
committee. Only teeth with curvature <35° with a single canal were 
selected. The canal curvature was evaluated according the method 
previously described by Schneider [13]. In order to standardize 
the samples and to remove coronal stresses, crowns were removed 
at 12 mm of the apical foramen by using a dremel Speed Clic 
diamond cutting disc (38 mm). The specimens were stored at 
4°C in saline solution. Canals were explored by inserting a size 10 
K-type file (Dentsply Maillefer, Ballaigues, Switzerland) which was 
passively advanced into the canals until the tip of the instrument was 
adjusted to the apical foramen. The root canal length was recorded, 
and the working length was calculated by subtracting 1 mm from 
this measurement [11]. Twelve teeth were then discarded because 
of fractures or absence of apical patency. The samples were then 
randomly divided into 3 experimental groups (n=18) according to the 
instrumentation technique used for glide path: group Handfile (HF)/
WaveOne Gold® (WOG) (group #1: Glide path was created with HF 
and canal were prepared with WOG), group Proglider® (PG)/WOG 
(group #2: Glide path was created with PG and canal were prepared 
with WOG), group WaveOne Gold Glider® (WOGG)/WOG (group 
#3: Glide path was created with WOGG and canal were prepared with 
WOG).

Root canal preparation
Canals were instrumented according to manufacturers' 

instructions for each system.

In group 1, the glide path was created with a size 10, 15 and 20 
K-File (Dentsply Maillefer, Ballaigues, Switzerland) up to the working 
length [14]. In group 2 the glide path was made with the Proglider® 
(Dentsply Maillefer, Ballaigues, Switzerland) using a continuous 

rotary motion at 300 rpm and 2 Ncm powered by the VDW Gold 
Reciproc motor (VDM, Munich, Germany). In the group 3, the glide 
path was established with the WaveOne Gold Glider® system (Dentsply 
Maillefer, Ballaigues, Switzerland) using a reciprocating motion with 
the VDW Gold Reciproc motor (VDM, Munich, Germany) set on 
Reciprocation mode - "Reciproc all".

For all groups, each canal was shaped with the WaveOne Gold 
primary file (Dentsply Maillefer, Ballaigues, Switzerland) (25/0.7) 
using the VDW Gold Reciproc motor (VDM, Munich, Germany) set 
on Reciprocation mode - "Reciproc all" according to manufacturers' 
instructions. The canals were irrigated with 2 mL 5% sodium 
hypochlorite during instrumentation.

Image analysis
The teeth were positioned in a custom-made specimen holder 

as previously described [15], in order to place the specimens in the 
same position before and after instrumentation. The teeth were 
aligned perpendicularly to the beam. They were scanned before and 
after instrumentation by using the CBCT scanner ProMax 3D Mid 
(Planmeca, Helsinki, Finland) in the dental radiology service of the 
Dental Service of the teaching Hospital, HCL, Lyon, France.

The samples were scanned at a high spatial resolution (150 µm) 
with the following parameters: 90 kV - 14 mA. The field of view was 
10 cm in diameter and 6 cm in height.

CBCT measurements
Following instrumentation, the pre and post-operative images 

were measured by using the Image J software (NIH, Bethesda, USA). 
Canal transportation and the centering ratio were calculated at 3 
cross-section levels corresponding to 4 mm, 7 mm and 11 mm from 
the apical end by using the following equations [1].

•	 Canal centering ratio: (M1-M2)/(D1-D2) in the 
mesiodistal direction and (B1-B2)/(L1-L2) in the buccolingual 
direction.

•	 Degree of canal transportation: (M1-M2)-(D1-D2) for 
the mesiodistal direction and (B1-B2)-(L1-L2) for the buccolingual 
direction.

M1 represents the distance between the mesial portion of the 
root and the uninstrumented canal, M2 is the distance between the 
mesial portion of the root and the instrumented canal. D1 is distance 
between the distal portion of the root and the uninstrumented canal, 
D2 is the distance between the distal portion of the root and the 
instrumented canal. B1 represents the distance between the buccal 
portion of the root and the uninstrumented canal and B2 is the 
distance between the buccal portion of the root and the instrumented 
canal. L1 is the distance between the lingual portion of the root and 
the uninstrumented canal whereas L2 is the distance between the 
lingual portion of the root and the instrumented canal (Figure 1A, 
1B).

The pre-and post-instrumentation CBCT images were then 
superimposed by using the Romexis software (Planmeca, Helsinki, 
Finland).

Statistical analysis
All statistical analyses were performed using the software 

XLSTAT (Addinsoft, Paris? France). Cross-sectional areas were 
analyzed by using two tests: The Kruskal-Wallis H test and the Mann 
Whitney test. Statistical significance level was set at P<0.05 (α=0.05).
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At first, a Kruskal-Wallis H test was realized to determinate 
if there was a statistical significance level between each group. If 
the result was under α, a Mann Whitney test was performed to 
determinate which group was better than the others.

Results
Centering ratio

Table 1 and Figure 2 do not show any statistically significant 
differences in canal transportation among the 3 groups at the coronal 
level both mesiodistally and buccolingually (P>0.05). The same results 
were obtained in the apical section.

However, at 7 mm level corresponding to the middle third of 
the root, the group’s 2 (PG/WOG) and 3 (WOGG/WOG) showed a 
significantly lower mean transportation value compared to the group 
1 (P<0.05) in the mesiodistal direction (Table 1 and Figure 2).

Canal transportation
No statistical difference was observed in the coronal and in the 

apical third between the 3 groups (Table 2 and Figure 3). However, a 
significant difference has been revealed in the middle third between 
the group 1 (WOG) and the groups 2 and 3 (P<0.05). At 7 mm, the 
mean canal transportation is lower for the group 2 and 3 compared 
to the group 1.

Discussion
The aim of this study was to evaluate the impact of the type of glide 

path on shaping ability. The best outcomes are achieved when the root 
canal shaping maintains the original canal centre while minimizing 
canal transportation [4]. Canal transportation and centering ratio 
are commonly used to assess the ability of a shaping technique 
to preserve the original canal shape [5,11]. In the present study, 
these 2 parameters were analyzed before and after instrumentation 
by using CBCT. This method provides the advantages to acquire 
3-dimensional images with a high resolution allowing evaluating 
precisely the root canal geometry. Moreover, unlike other methods 
previously described for evaluating root canal shaping [5,16], this 

approach is non-invasive and shows more details compared with 
conventional radiography [17].

In this study, natural teeth with intact root apex were chosen to 
simulate the clinical condition. In order to standardize root canal 
anatomy and to constitute homogenous groups, human mandibular 
incisors with curvatures <35° were included. Indeed, these teeth 
have an oval-shaped root canal with a narrower mesiodistally than 
buccolingually, providing a clinical situation particularly adapted 
for a glide path before canal shaping [18]. All the teeth have been 
instrumented with the WaveOne Gold system® after removing the 
crown in order to avoid interferences between the file and the walls 
of the access cavity.

Regarding to the centering ratio, our results showed no significant 
difference among the groups in the coronal third. The same results 
were obtained in the apical third, where a lower transportation of the 
centering ratio has been observed for the 3 tested groups. Similarly, 
regarding the canal transportation, no difference was noticed between 
the 3 groups in the same zones. However, in the middle third, the 
results demonstrated a significant difference between the manual and 
the mechanical glide path. This could be explained by the anatomy 
of the endodontic system of the mandibular incisors displaying a 
narrower canal in this area [18]. Thus, endodontic instruments could 
undergo a greater stress in this zone. This hypothesis is strengthened 
by the fact that the stainless-steel K-files are known to their stiffness 
and their tendency to straighten the canal [14]. However, the higher 
flexibility of NiTi alloy minimizes the canal transportation and 
maintains the original canal centre [19]. Moreover, these results are 
consistent with those obtained in a previous study, showing that 
Proglider® instrument can create a preliminary enlargement of the 
root canal in the middle portion, due to its progressive taper [20]. 
Even if our results have not demonstrated any significant differences 
between Proglider® and WaveOne Gold Glider®, it seems that these 
latter may present the better values as previously described [21]. This 
might be attributed to the innovative M-Wire technology associated 
with the heat "gold treatment" improving the mechanical properties 

Figure 1: Illustration of pre-instrumentation (A) and post-instrumentation (B) CBCT images with markings showing points of measurements used for determination 
of canal transportation and centering ratio.

Section Direction LM/WOG PG/WOG WOGG/WOG P value

Coronal
Mesiodistal 1.062 ± 0.388 2.698 ± 4.945 0.943 ± 0.571 0.282

Buccolingual 1.955 ± 1.850 0.979 ± 1.142 1.841 ± 2.706 0.299

Middle
Mesiodistal 0.788 ± 0.341 1.304 ± 0.658 1.118 ± 0.469 0.010

Buccolingual 3.658 ± 7.131 1.656 ± 2.101 2.385 ± 3.566 0.299

Apical
Mesiodistal 1.288 ± 1.974 1.131 ± 1.218 1.554 ± 1.833 0.321

Buccolingual 3.331 ± 5.804 2.477 ± 3.137 1.100 ± 1.372 0.076

Table 1: Mean ± Standard deviation of centering ratio for tested groups and statistical analysis with LM: Manual files, PG: Proglider®; WOD: Wave One Gold® and 
WOGG: Wave One Gold Glider®.
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[22].

The preliminary glide path is a fundamental step before root 
canal shaping because it facilitates file progress in the apical direction. 
Indeed, by creating a smooth canal shape, the intensity of torsional 
stresses affecting shaping instrument can be reduced [5] and their use 
is safer. Compared with manual glide path, mechanical procedures 
improve the preservation of the canal; reduce time required for 

shaping and the incidence of postoperative pain [6,23]. In this study, 
WaveOne Gold® system has been chosen for root canal shaping. All 
the teeth were instrumented with this system in order to analyze 
only the influence the preflaring system used. Previous studies have 
demonstrated the ability of this system to maintain the root canal 
anatomy and to respect the biological and the mechanical objectives 
of endodontic treatment [24-26]. By using this system, the operative 
procedure is simplified because one single file is required for root 

Figure 2: Graphical representation of mean difference in centric ability.

Figure 3: Graphical representation of mean difference in canal transportation.

Section Direction LM/WOG PG/WOG WOGG/WOG P value

Coronal
Mesiodistal -0.003 ± 0.081 0.039 ± 0.086 0.031 ± 0.100 0.486

Buccolingual 0.008 ± 0.163 -0.031 ± 0.096 0.004 ± 0.051 0.386

Middle
Mesiodistal -0.044 ± 0.070 0.027 ± 0.074 0.003 ± 0.056 0.008

Buccolingual -0.003 ± 0.196 0.002 ± 0.057 0.004 ± 0.072 0.479

Apical
Mesiodistal -0.008 ± 0.109 -0.013 ± 0.048 0.002 ± 0.015 0.354

Buccolingual 0.024 ± 0.097 0.012 ± 0.061 -0.012 ± 0.049 0.400

Table 2: Mean ± Standard deviation of canal transportation for tested groups and statistical analysis with LM: Manual files, PG: Proglider®; WOD: Wave One Gold® 
and WOGG: Wave One Gold Glider®.
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canal preparation. When this latter is associated with a preliminary 
glide path, time dedicated to the shaping is yet reduced [27]. The 
originality of this study was to analyze the impact of a mechanical 
glide path system working with a reciprocating motion on a large 
number on samples. Indeed, our study is one of the first to analyze the 
impact of the WaveOne Gold Glider® on final root canal preparation. 
The reciprocal motion was created in order to reduce the torsional 
stress and to decrease the cyclic fatigue [28]. Thus, it seemed 
interesting to compare the input of this motion with a rotational 
motion through WOGG and PG. Contrary to a previous study [21]; 
our study has not showed any differences between PG and WOGG. 
Nevertheless, different elements could explain these results. First, the 
canal curvatures of the selected teeth were not very strong. Previous 
studies have selected teeth with canal curvature ranging within 20° to 
35° [11,20,29]. Thus, curved canals could be more discriminative to 
evaluate the shaping performance of the tested groups. Furthermore, 
the crown removal could also minimize the stresses applied on the 
files and could facilitate path file and root canal preparation. Then, 
PG and WOGG have different designs. It is so difficult to evaluate 
the part dedicated to the motion with those concerning the intrinsic 
properties of the files. A study analyzing a same system working both 
with a reciprocal and with a rotational motion could be performed. 
However, each system is designed to be used with a specific motion. 
Finally, a microcomputed tomographic evaluation of the root canal 
morphology could be also an interesting approach because it allows a 
3D analysis of canal volume and surface area with a better resolution 
than CBCT [20,21,30]. However, both the cost and the acquisition 
time make the Micro CT not very accessible.

Conclusion
In conclusion, under the conditions of the current study, Wave 

Gold Glider® single NiTi reciprocating file appears suitable for glide 
path management and has similar results than Proglider® single NiTi 
rotary file regarding canal transportation and centering ability.
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