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AbsTrACT
introduction: The aim of this study was to determine the 
influence of two different glide path preparation methods 
on the fracture rate of the Primary 25/08 WaveOne recipro-
cating instrument. Preparation times for different glide path 
methods and total time for root canal preparation, with and 
without prior glide path preparation, were also calculated. 

Materials and Methods: ISO 15, 0.02 taper Endo-Train-
ing-Blocks (n = 300) were selected and randomly divided 
into three main groups (n = 100): Group 1: no glide path 
(control); Group 2: glide path preparation with stainless-steel 
hand files; and Group 3: glide path preparation with rotary 
PathFiles. The time taken to prepare each glide path was 
recorded. The specimens in each main group were then 
randomly assigned into five subgroups (n=20). New Primary 
25/08 WaveOne files were used for canal preparation in 
each subgroup. The outcome was measured by recording 
how many simulated canals could be shaped with one Wa-
veOne reciprocating file in each subgroup before instrument 
breakage occurred. The average time it took to prepare 
each of the simulated canals was calculated and recorded. 
The data were collected and statistically analysed using the 
ANOVA / Bonferroni test. 

results: Glide path preparation with PathFiles was signifi-
cantly faster than with hand files (P<0.001). After the glide 
path preparation had been performed with PathFiles, a 
greater number of simulated canals could be prepared be-
fore failure of the WaveOne file (P<0.001). Root canal prepa-
ration time was significantly shorter (P<0.001) when an initial 
glide path had been prepared with PathFiles. 

conclusion: Initial glide path preparation with PathFiles 
resulted in shorter preparation times and allowed a higher 
number of simulated canals to be prepared before failure of 
the WaveOne instruments.

inTrodUCTion
Numerous studies have sought to eliminate instrument fail-
ure during root canal preparation.1,2,3 The creation of a glide 
path has been recognised as being centrally important in 
the reduction of the incidence of instrument fracture.4,5

A recent study showed that WaveOne (Dentsply/Maillefer, 
Ballaigues, Switzerland) and Reciproc (VDW, Munich, Ger-
many), operated in a reciprocating motion, have significantly 
higher resistance to cyclic fatigue compared with Mtwo 
(VDW, Munich, Germany), and Twisted File (TF; SybronEndo, 
Orange, CA ), used in full rotation.6 That study also showed 
that instruments manufactured with M-wire (Reciproc and 
WaveOne) have higher resistance to fatigue than traditional 
nickel-titanium instruments (Mtwo) and instruments of R-
phase nickel-titanium alloy (Twisted File). 

The main purpose of the glide path is to reduce torsional and 
flexural stress on the root canal instrument.5 The introduction 
of an instrument with a high taper into an unprepared root 
canal with a low taper will cause a rapid increase in torsional 
stress. The manufacturer does not recommend creating a 
glide path when using Reciproc reciprocating instruments.7 A 
study demonstrated that Reciproc R25 can reach full working 
length in straight and moderately-curved mandibular molars 
without a preceding glide path.8 Traditional nickel-titanium files 
are more likely to fracture at lower cyclic fatigue levels once 
exposed to torsional stress. Previously used nickel-titanium 
files are at higher risk because of their already reduced resist-
ance to torsional stresses.9,10 A few studies have shown that 
pre-flaring the root canal prior to instrumentation with rotary 
files can reduce the rate of instrument failure.4,11

The WaveOne endodontic system consists of a selection of 
three files: small (ISO tip 21, yellow), primary (ISO tip 25, red) 
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and large (ISO tip 40, black). All are manufactured from the 
highly resistant M-Wire nickel-titanium alloy and are operated 
in a reciprocating action. In some cases a root canal can be 
adequately prepared using only a single WaveOne file.12

The WaveOne Primary reciprocating file produces less 
modification of canal curvature when used following glide 
path preparation.12 WaveOne instruments in general main-
tain original canal anatomy better than does the ProTaper 
system (Dentsply/Maillefer), consisting of a minimum of four 
instruments.13

Several methods have been proposed to create a glide path 
prior to root canal preparation.11,14,15 It has been shown to be 
more time consuming to manually prepare a glide path with 
K-files.16 Park et al. in 2013 compared Reciproc instruments 
with WaveOne files after glide path preparation to a #15 K-
file.17 They found that the WaveOne primary file required sig-
nificantly less working time to prepare a root canal than did 
the Reciproc R25 file, regardless of canal anatomy.17

Lim and co-workers, also in 2013, concluded that if no glide 
path is present prior to WaveOne 25/08 instrumentation, the 
preparations will be less centered, with an increased risk of 
canal aberrations.7 This particular study advocated that a 
glide path larger than a #15 K-file  be prepared prior to the 
use of the WaveOne 25/08 instrument. At present there is 
no research data available on the influence of a glide path 
or of the different methods of glide path preparation, on the 
fracture rate of WaveOne instruments.12 The influence of dif-
ferent glide path preparation methods on the working time 
to prepare a root canal with WaveOne has also not being 
investigated. 

The aim of this study, therefore, was to determine the influ-
ence of two different glide path preparation methods on the 
fracture rate of WaveOne reciprocating instruments. In ad-
dition, the times required for different glide path preparation 
methods – as well as total time for root canal preparation, 
with or without glide path preparation, were calculated. 

MATEriALs And METHods
The principles and techniques outlined by Berutti et al. were 
used in this study.4 Three-hundred ISO 15, 0.02 taper, Endo-
Training-Blocks (Dentsply/Maillefer, Ballaigues, Switzerland) 
were selected. A working length of 16.5mm for each training 
block was confirmed with a #10 K-File (Dentsply/Maillefer) 
under 10X magnification using a Dental Operating Micro-
scope (DOM) (Global, St. Louis, USA). Specimens were 
randomly assigned to three different groups (n=100) and 
treated as follows:

Group 1: no glide path preparation (control)
The Endo-Training-Blocks were not modified in any way. 

Group 2: initial glide path preparation using stain-
less-steel hand K- files
Manual pre-flaring with new stainless-steel K-files #10-15-20 
was performed to working length. Glyde (Dentsply/Maillefer) 
was used as a lubricating agent.

Group 3 Glide path preparation using a stainless-
steel K-file followed by PathFiles
A reproducible glide path was manually established with a 
#10 K-file using the same technique as described in group 
2. The glide path was then enlarged using a sequential se-

ries of PathFiles (Dentsply/Maillefer), #1 (ISO tip 13), #2 (ISO 
tip 16) and #3 (ISO tip 19), driven by the WaveOne Endodon-
tic Motor (Dentsply/Maillefer) and a 16:1 contra angle hand 
piece at 300 rpm, at a torque of 4 Ncm. The total time it took 
to produce and to enlarge the glide paths in groups 2 and 
3 was recorded by means of an electronic stop watch. The 
time it took to change instruments was not recorded.

The specimens in each group were then randomly assigned 
into five subgroups (n=20). A new Primary 25/08 WaveOne 
file was allocated to each subgroup. Root canal preparation 
was done with the Primary 25/08 WaveOne instruments us-
ing the WaveOne Endodontic Motor (Dentsply/Maillefer) in 
the “Reciprocating WaveOne All” mode, using Glyde as a 
lubricant. 

It was found that without any glide path preparation the Pri-
mary 25/08 WaveOne instrument was able to penetrate into 
the canal to an average depth of 7.5mm, and for the groups 
where glide path preparation was done, to an average of 
9mm (Figure 1) into the canal (leaving 9mm and 7.5mm of 
unprepared canal space, respectively). The complete canal 
preparation was done in 2.5mm increments with the instru-
ments being removed for cleaning before the next phase of 
use. Cutting debris was cleaned from the instrument flutes 
using EndoFoam (Australian Dental Manufacturing, Kenmore 
Hills, Australia), the canal irrigated with water, recapitulated 
with a size 08 K-File and the canal re-irrigated to remove 
cutting debris from the canal. Final root canal preparation 
was checked by ensuring that a Primary WaveOne Gutta-
Percha cone (25/08) (Dentsply/Maillefer) could be fitted to 
full working length, ascertained under 10X magnification. 

The outcome was measured by recording how many simu-
lated canals could be shaped with one WaveOne recipro-

figure 1: Preparation increments for the no glide path and glide path groups
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cating instrument in each subgroup before instrument break-
age occurred. The average working time it took to prepare 
each of the artificial canals for the different subgroups was 
also recorded with an electronic stop watch.

In addition, canal preparation time for each 2,5mm incre-
ment was recorded by commencing timing at the instant of 
entry into the canal and stopping the clock at the moment 
of instrument retrieval. Total preparation time for each block 
was calculated by adding together the times recorded for all 
increments. The time it took to clean debris from the instru-
ment flutes, irrigate, recapitulate and to re-irrigate the canal 
was not recorded.

The data for the different parts of the project were collected and 
statistically analysed using the ANOVA and Bonferroni tests. 

rEsULTs
The descriptive and comparative data are shown in Tables 1, 
2 and 3. A one-way analysis of variance (ANOVA) (P<0.001) 
showed that glide path preparation with PathFiles was sig-
nificantly faster at 13.3 seconds compared with the 25.1 
seconds required when using hand files (Table 1). Group 
3, in which the glide path preparation was performed with 
PathFiles, recorded the highest number of simulated canals 
(19.2) which could prepared with the Primary 25/08 Wa-
veOne instrument before it fractured (Table 2). When no glide 
path had been prepared, the instrument achieved only 7.4 
canal preparations. Pairwise comparisons at the Bonferroni 

adjusted significance level of 0.017 demonstrated statisti-
cally significant differences (P < 0.001) between the data 
of both PathFiles (19.2 canals) and hand files (17.6 canals) 
compared with that of the no glide path (7.4 canals) group. 
The same test also demonstrated that the total mean time to 
prepare a simulated canal with the WaveOne 25/08 instru-
ment was significantly shorter when an initial glide path had 
been prepared with PathFiles (12.7 seconds) compared with 
the mean time spent on preparation when a glide path had 
been instrumented with hand files (15.0 seconds) (P<0.001) 
and when no glide path (21.2 seconds) had been prepared 
(P<0.001). There was also a statistically significant difference 
between the mean preparation times of the hand file and no 
glide path groups (P<0.001) (Table 3). 

disCUssion
Endo-Training-Blocks are often used to evaluate the per-
formance of endodontic instruments and to standardize ex-
perimental conditions.18,19,20 This study used these blocks in 
determining the mean number of simulated canals prepared 
with the Primary 25/08 WaveOne file, with or without glide 
path preparation, before instrument fracture. 

It is clear that the preparation of a glide path contributes 
to the efficacy of the instrument. When no initial glide path 
was created, a mean of only 7,4 simulated canals could be 
prepared before the instrument fractured. However, when a 
glide path was prepared by means of hand files or with ro-
tary PathFiles, respectively, 17.6 and 19.2 simulated canals 
could be prepared (not a statistically significant difference).  
Similar observations were made in other studies that used 
different types of instruments.4,5,21,22 

Whilst the Primary WaveOne file removes debris along the 
length of the instrument, the main area of work load is the 
apical portion with the greater taper (8% in the last 4mm). The 
WaveOne file is therefore subjected to more loading along 
its apical portion especially when no glide path preparation 
is done. Hence a greater failure rate would be expected in 
the group in which no prior glide path had been prepared. 
This study also demonstrated that the preparation times to 
prepare a glide path with PathFiles (13.3 seconds) were sta-
tistically shorter than preparation times required with hand 
files (25.1 seconds). A previous study undertook a compara-
tive analysis of the times taken to perform pre-flaring with 
hand files and with PathFiles by an expert group and by 
an inexpert group of operators. The times were significantly 
shorter in the groups using PathFiles (expert = 7.79 sec-
onds; inexpert = 7.74 seconds) versus the hand files groups 
(expert = 28.08 seconds; inexpert = 38.58 seconds).23 

In light of the above, clearly there are advantages in using 
PathFiles to create a glide path before using the WaveOne 
system. Chair time and operator fatigue are effectively re-
duced. A hand piece and electric motor are used to create 
the glide path instead of manual filing by hand motions. In ad-
dition there are also fewer canal irregularities and aberrations 
present after glide path preparation with PathFiles.20,23,24,25 

Within the limits of this study it can be concluded that 
glide path preparation increased the longevity of the 25/08 
WaveOne instrument and enabled more simulated canals 
to be prepared before instrument fracture. However, 
although the results of this study indicated that a high 
number of simulated canals can be prepared with the 
Primary 25/08 WaveOne instrument after initial glide path 

Table 1: Descriptive statistics for the glide path preparation times 
when using hand files and PathFiles (seconds).

Group Mean (s) Standard 
Deviation

Coefficient       
of Variation 

(%)

95% 
Confidence 

Interval

Hand files 25.1a 2.60 5.2 (23.4; 26.8)

PathFiles 13.3b 1.70 6.4 (12.0; 14,1)

Values with the different superscript letters were statistically different 
at P<0.001

Table 2: Descriptive statistics for the number of simulated canals 
prepared before the WaveOne instrument fractured in the different 
test groups.

Group Mean Standard 
Deviation

Coefficient 
of Variation 

(%)

95% 
Confidence 

Interval

No Glide 
Path

7.4b 0.89 12.0 (6.3; 8.5)

Hand files 17.6a 1.14 6.5 (16.2; 19.0)

PathFiles 19.2a 0.84 4.3 (18.2; 20.2)

Values with the same superscript letters were not statistically 
different at P < 0.001

Table 3: Descriptive statistics for the total preparation times for the 
different test groups (seconds).

Group Mean 
(seconds)

Standard 
Deviation

Coefficient 
of Variation 

(%)

95% 
Confidence 

Interval

No Glide 
Path

21.2c 0.20 1.0 (21.0; 21.5)

Hand files 15.0b 0.47 3.1 (14.4; 15.6)

PathFiles 12.7a 0.22 1.7 (12.6; 13.1)

Values with different superscript letters were statistically different at 
P < 0.001
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preparation, it must be taken into account that the length of 
canal preparation on the simulated canals was only 7.5mm 
(Figure 1). It could be expected that this number of prepared 
canals will reduce drastically in clinical situations where the 
length of canal preparation will often be longer. It was also 
significantly faster to prepare a glide path with PathFiles than 
with hand files. The total preparation time is reduced when 
hand files or PathFiles are used for glide path preparation prior 
to root canal preparation with the Primary 25/08 WaveOne 
instrument. 

declaration: No conflict of interest declared. 
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