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Abstract

Introduction: The aim of this study was to compare centering ability and
transportation values of the Primary WaveOne Gold instrument (PWOG) with or
without different glide path techniques. Centering ability and transportation were also
compared between the three different glide path preparation groups. Methods:
Mesiobuccal canals of 60 extracted human mandibular molars (curvature angles
between 25° and 35° and radii < 10 mm) were selected and randomly divided into 4
groups with 15 canals each. Canals were negotiated to patency with a #8 K-file. Canal
preparations were performed by a single operator using: pre-curved #10-15-20
stainless steel manual K-files (group KF); #10 stainless steel manual K-file followed
by PathFiles #1-3 (group PF); #10 stainless steel manual K-file followed by WaveOne
Gold Glider (group WOGG) and no further glide path preparation (group NG). Micro-

computed tomography (micro-CT) was used to scan teeth before and after glide path
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preparation. The final canal preparation was done with PWOG, after which all 60
specimens were scanned again by means of micro-CT. Canal transportation and
centering ratio values were determined over levels 3 mm, 5 mm and 7 mm from the
root apex after glide path preparation and again after final preparation with PWOG.
One-way analysis of variance (ANOVA) was used to statistically compare groups.
The significance level was set at P < 0.05. Results: No statistically significant
difference in the mean centering ratios was found after glide path preparation when
KF, PF, and WOGG groups were compared (P > 0.05). Mean combined
transportation values after glide path preparation were statistically significantly higher
in the KF group compared to the PF and WOGG groups (P > 0.05). There was no
statistically significant difference in the mean combined centering ratios or
transportation values of the NG and three glide path groups in combination with
PWOG over the three levels (P > 0.05). Conclusion: KF’s demonstrated highest
mean transportation values during glide path preparation. However, the PWOG
instruments’s performance regarding centering ability and transportation was not

influenced by the different glide path/ no glide path preparation groups.

Keywords: Centering ability, transportation, micro-CT, stainless steel K-files,
PathFiles, WaveOne Gold Glider, WaveOne Gold.

Introduction

Biomechanical cleaning and shaping in order to facilitate irrigation, disinfection and
proper obturation is essential in eliminating apical periodontitis (1). Protecting and
preserving the original canal anatomy and the position and size of the apical foramen
also remain important (2). Long, thin and curved root canals remain a challenge for
even the skilled clinician. These difficulties increase the risk for root perforations,

apical zipping, strip perforations and apical extrusion of debris (3).

A glide path is a smooth radicular tunnel extending from the canal orifice to the
radiographic canal terminus or exit (4). An effective glide path preparation has been
shown to reduce torsional stresses and can increase the lifespan of a rotary instrument
up to 6 times (1). Original canal curvature is also preserved when an effective glide

path is prepared prior to further instrumentation (5). Manual glide path preparation



with K-files (KF) has been recommended by numerous authors (1,4,6), while nickel
titanium (NiTi) rotary files have been shown to be faster and produce fewer
procedural accidents as a result of the superior flexibility of the files (7—9). Cantatore,
Berutti and Castellucci (10) showed that PathFiles (PF) (Dentsply Sirona, Ballaigues,
Switzerland) introduced in 2009 can prepare a glide path with fewer irregularities and
better conservation of original canal anatomy. Contemporary single-file mechanical
glide path preparation systems have been introduced in the last few years. These
include rotary systems like the ProGlider (Dentsply Sirona) and One G (Micro-Mega,
Besancon, France) and, more recently, reciprocating systems like the WaveOne Gold
Glider (WOGG) (Dentsply Sirona). The file tip of WOGG at DO has an 1SO 0.15 tip
size with a 2% taper that progressively increases up to 6% at D16. The file has a
semi-active tip and a parallelogram-shaped cross-section.

The use of NiTi shaping files in a reciprocating motion is a recent innovation with
manufacturers claiming increased resistance to instrument separation (11). One such
system, WaveOne (Dentsply Sirona), has demonstrated increased resistance to file
fracture in a number of studies (12,13). The conventional WaveOne system was
manufactured from M-Wire technology whereas WaveOne Gold (Dentsply Sirona)
instruments are manufactured by means of a post-manufacturing thermal process that
produces a file with super-elastic NiTi metal properties. This process gives the file a
gold finish with improved mechanical characteristics.

The WaveOne Gold system exhibits a unique alternating off-centered parallelogram-
shaped cross-section and a progressively decreasing percentage taper design (14).
This design limits engagement of the file and dentine to only one or two points of
contact at any given stage of canal preparation which improves the safety of the file
with less taper-lock- and screw-in effect. The cross-sectional design of the file also
allows for more debris extrusion during canal preparation. The Primary WaveOne
Gold instrument (PWOG) (25/07) is 50% more resistant to cyclic fatigue, 80% more
flexible and 23% more efficient than the conventional Primary WaveOne instrument
(14,15).

Micro-CT has been shown to provide non-destructive and more accurate analyses of
endodontic instrumentation than histological sections, plastic model evaluation, serial

sectioning, radiographic comparisons and cone-beam computed tomography.
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Extensive information can be obtained from micro-CT evaluation and slices can be
recreated in a 2- or 3-dimensional plane with either simultaneous or separate

assessment of internal and external structures (16,17).

The aim of this in vitro study was to investigate various glide path preparation
instruments followed by root canal preparation with the reciprocating PWOG in
curved mesiobuccal root canals of extracted human mandibular molars in order to
advise the clinician on the most favorable combination (glide path technique in
combination with PWOG) in order to preserve original canal anatomy best during
canal shaping. Micro-CT was used to evaluate canal transportation and centering
ability over the apical, mid-root, and coronal root canal levels (3 mm, 5 mm and 7
mm from the root apex). To our knowledge, no study has yet compared WOGG or
PWOG for its centering ability and transportation values when used to prepare curved
mandibular molar canals. The hypothesis tested for this study was that WaveOne
Gold Glider would perform best when evaluating centering ability and transportation
in combination with the Primary WaveOne Gold instrument when preparing curved

root canals.

Materials and Methods

Selection of Teeth
Mesiobuccal canals of 60 human mandibular first molars, extracted for reasons
unrelated to this study, were selected after obtaining written informed consent. Teeth

were stored in distilled water at 4°C until use. After access cavity preparation with an

Endo-Access bur (Dentsply Sirona), the mesiobuccal canals were explored with a size
08 KF and canals were negotiated to patency under a surgical microscope (Zumax
Medical Co., Ltd., Suzhou, China). Working length was determined by subtracting
0.5 mm from the length of the canal measured to the major apical terminus. The
Schneider method (18) was used to evaluate canal curvature and only previously
untreated mesiobuccal root canals with curvatures between 25 and 35 degrees and
radii of equal to or less than 10 mm (19) were used. The specimens were coded and
randomly divided into 4 equal experimental groups (n=15). Final canal preparation of

all 60 canals was done with PWOG. In this present study, 3 levels (3,5 and 7 mm)
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were chosen to evaluate transportation and centering ability. These levels represent
the apical, middle and coronal thirds of the roots with a high risk and incidence of

iatrogenic errors. (22)

Micro-CT Analysis

Micro-CT was used to scan each tooth before instrumentation, after glide path
preparation and again after final canal preparation with PWOG, using the XTH 225
ST micro-focus x-ray computed tomography system (Nikon Metrology, Leuven,
Belgium) This system has a spatial resolution capability of 0.001-0.006 mm (20).
Samples were placed on a stable support and a series of sequential 2-dimensional
(2D) x-ray images were captured as the samples were rotated through 360°. These
images were then reconstructed to generate 3-dimensional (3D) volumetric
representations of each tooth. Reconstruction and visualisation of the micro-CT
images was done with the use of VGSudioMax visualisation software (Volume

Graphics GmbH, Heidelberg, Germany).

Glide Path Preparation

Glide path preparation was performed by a single operator in strict accordance with
the manufacturer’s recommendations for each system. All rotary or reciprocating
glide path files were operated by a 16:1 gear reduction hand piece powered by the
X.Smart 1Q (Dentsply Sirona) cordless motor. RC Prep (Premier, Pennsylvania, USA)
was used as a lubricating agent and 3% sodium hypochlorite (NaOCI) as canal

irrigation.

KF group:

In each of the 15 canals, an initial reproducible glide path was prepared using pre-
curved size 0.10, 0.15 and 0.20 stainless steel KFs. A final reproducible glide path to
an ISO size 0.20 was confirmed when the stainless steel size 0.20 KF could be placed
at working length, pulled backwards for 4 mm and pushed back with light finger

pressure to full working length without any interference or obstruction.



PF group

In each of the 15 canals, a pre-curved stainless steel size 0.10 KF was negotiated to
working length with increasing amplitudes of 1-3 mm to ensure an initial manually
reproducible glide path. PFs no.1-3 were used in a rotary motion to enlarge each canal

in this group.

WOGG group

In each of the 15 canals a pre-curved stainless steel size 0.10 KF was negotiated to
working length with increasing amplitudes of 1-3 mm to ensure an initial manually
reproducible glide path. WOGG was then used in a reciprocating motion to enlarge

each canal in this group.

NG group: No glide path preparation (n=15)
No further glide path preparation.

Each file in all of the glide path preparation groups was used only once. After glide
path preparation, all 60 canals were shaped and prepared using PWOG reciprocating
files up to working length according to the manufacturer’s instructions, using the
X.Smart 1Q cordless motor. Throughout the instrumentation process RC Prep was
used as a lubricant and 5 ml of 3% NaOCI was used as irrigation solution.

The mean canal transportation and centering ratio values were recorded and compared
at 3 mm, 5 mm and 7 mm from the anatomical root apex of the tooth. The pre-op
micro-CT measurements and micro-CT measurements after glide path and final canal
preparation with PWOG were used to evaluate centering ability and canal

transportation (Fig. 1).

Canal transportation = (M1-M2) — (D1-D2)

Canal centering ratio = (M1-M2)/(D1-D2) where (D1-D2 > M1-M2) or
(D1-D2)/(M1-M2) where (M1-M1) > (D1-D2)

Where:

M1: Shortest distance from the mesial margin of tooth measured to the mesial margin

of uninstrumented canal.



M2: Shortest distance from the mesial margin of tooth measured to the mesial margin
of the instrumented canal.

D1: Shortest distance from the distal margin of tooth measured to the distal margin of
the uninstrumented canal.

D2: Shortest distance from the distal margin of tooth measured to the distal margin of
the instrumented canal.

A value/ratio closest to 1 indicated perfect centering ability while transportation was
measured in millimetres. A transportation value closest to 0 indicated no

transportation. The higher the value the greater the transportation (21).

Figure 1: (a) Pre-instrumentation; (b) post glide path preparation micro-CT images with yellow
markings showing the effect of glide path preparation and points of measurements used for
determination of canal transportation and centering ratio; (c) post canal shaping micro-CT images with
red markings showing the effect of canal preparation and points of measurements used for
determination of canal transportation and centering ratio.

The three-dimensional images obtained before instrumentation, after glide path
preparation and again after final canal preparation with PWOG were reconstructed

and interpreted.

Statistical Analysis

Mean and standard deviations for centering ability and canal transportation were
determined for each group and One-way analysis of variance (ANOVA) was used to
statistically compare groups .Centering ratio and transportation values showed
parametric distributions. Statistical procedures were performed on SAS Release 9.3
(SAS Institute Inc, Cary, NC) running under Microsoft Windows (Microsoft Corp,

Redmond, WA\) for a personal computer and statistical significance was set at P <.05



Results

Tables 1 and 2 show the mean and standard deviations values of the canal
transportation and centering ability ratios at the three different levels for the different
glide path groups and after canal preparation with PWOG. Stainless steel KFs were
found to transport the canal statistically significantly more compared to the PFs and
WOGG during glide path preparation (P < .05). There was no statistically significant
difference between the different glide path preparation groups when mean centering
ratio values were evaluated and compared between the different groups (P > .05). No
statistically significant difference was found in the mean combined centering ratios
and transportation values of the various glide path groups in combination with PWOG
(P >.05)

Table 1: Statistical Analysis of Mean Transportation (mm) and Centering Ratios Values After
Glide Path Preparation (n=15)

Level Assessment KF PF WOGG

3mm Centering Ratio (0.452+ 0.31) (0.382+ 0.35) (0.302+ 0.24)
3mm Transportation (0.10%+ 0.07) (0.06* + 0.07) (0.03°+ 0.04)
5mm Centering Ratio (0.322 £ 0.20) (0.47* + 0.27) (0.51° + 0.30)
5mm Transportation (0.072+ 0.07) (0.042 £ 0.04) (0.052+ 0.05)
7 mm Centering Ratio (0.302+ 0.24) (0.472 £ 0.37) (0.252+ 0.23)
7 mm Transportation (0.14%+ 0.15) (0.04° + 0.0.4) (0.09% + 0.18)
Combined Centering Ratio (0.352 = 0.26) (0.452 + 0.32) (0.352 % 0.27)
Values

Combined Transportation (0.10°+ 0.11) (0.0482 + 0.05) (0.059% = 0.11)
Values

Mean values with the same superscript letters were not statistically different at P < .05.



Table 2: Statistical Analysis of Mean Transportation (mm) and Centering Ratios Values After
Final Preparation with PWOG (n=15)

Level Assessment KF PF WOGG NG

3mm Centering Ratio (0.442 = 0.28) (0.26% £ 0.23) (0.372 %+ 0.31) (0.332+ 0.26)
3mm Transportation (0.142 £ 0.09) (0.142 £ 0.13) (0.122+ 0.07) (0.132+ 0.08)
5mm Centering Ratio | (0.45® +0.27) | (0.55°+0.28) | (0.35° + 0.25) (0.50% + 0.30)
5mm Transportation (0.082+ 0.07) (0.072 £ 0.05) (0.102+ 0.07) (0.152+ 0.16)
7mm Centering Ratio | (0.34% + 0.29) (0.36°+0.28) | (0.342% 0.25) (0.298 £ 0.25)
7 mm Transportation (0.192+0.18) (0.172+£0.12) (0.222 + 0.19) (0.222 + 0.11)
Combined | Centering Ratio | (0.41%+ 0.28) | (0.392+0.29) | (0.35%+ 0.26) (0.382+ 0.28)
Values

Combined Transportation (0.142+ 0.13) (0.132 £ 0.11) (0.152+ 0.13) (0.172+ 0.13)
Values

Mean values with the same superscript letters were not statistically different at P < .05.

The representative sample images (Figure 2) depict the typical axial canal changes

after canal preparation with PWOG in combination with the four different glide path

groups. In every representative figure the black outline represents the original canal

shape; yellow shows the effect of glide path preparation and red the effect of root

canal preparation with PWOG.
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Figure 2: Typical axial canal changes after canal preparation at the different levels with PWOG in

combination with the 4 different glide path groups.

Discussion

This is the first study on curved canals in extracted human molars to compare the
centering ability and canal transportation of stainless steel KFs, PFs and WOGG in
combination with PWOG. No comparative data regarding centering ability and canal
transportation for WOGG and PWOG were found in the literature.

PFs performed the most favourably when mean centering ability ratios over the
apical, midroot and coronal levels were compared after glide path preparation.
However, there was no statistically significant difference in the mean centering ratios
after glide path preparation when KFs, PFs and WOGG were compared (P >.05). At
level 5 mm from the root apex WOGG performed statistically significantly more
favourably than KFs in terms of centering ability with glide path preparation (P <
.05). This might be attributed to the relative stiffness of the stainless steel KF’s
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compared to the super-elastic NiTi metal properties of the WOGG that demonstrates

increased flexibility.

The mean combined transportation values over the apical, midroot and cononal levels
after glide path preparation were statistically significantly higher in the KF
preparation groups compared to the PF and WOGG groups (P < .05). Several studies
demonstrated NiTi files to cause significantly less transportation than manual KFs
(7,22,23).

The second part of the present study examined the centering ability and transportation
of PWOG after the different glide path preparation techniques and without any glide
path preparation. There was no statistically significant difference in the mean
combined centering ratios or transportation values of the various glide path groups in
combination with PWOG over the apical, midroot and coronal levels (P > .05).
Although not statistically significant, the highest mean transportation values were
seen in the group where no glide path was prepared prior to final canal preparation
with PWOG. These results suggest that the performance of PWOG might be enhanced
by the creation of a glide path prior to final shaping with the PWOG instrument.
Similarly, a study by de Carvalho et al (24) found no statistically significant
difference between various glide path groups in combination with a single-file
reciprocating system. This outcome corroborates findings from other similar studies
(25,26). Although not statistically significant, EInaghy and Elsaka (22) also reported
that highest transportation values were seen in the groups where no glide path was
prepared before final canal instrumentation. According to Wu et al (27), transportation
greater than 0.3 mm may have a negative effect on the apical seal. It could therefore
be argued that in terms of transportation none of the groups performed with any
clinically significant implication in terms of reduced apical seal. No instrument
fractures were recorded when the PWOG instrument was used in combination with
the NG group. It was however observed that the PWOG instrument required more
cutting cycles in order to reach full working length in the NG groups compared to the

other glide path preparation groups.

A reduction in preparation time and a reduced number of failures related to

instrumentation contribute to the growing popularity and clinical acceptability of
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single-file endodontic systems (28). A study by Kirchhoff et al (29) reported
significantly faster glide path preparation for the single file ProGlider compared to
PFs. In a study by Paleker and Van der Vyver (30), glide path preparation times of
KFs, G-files and ProGlider were compared with similar results. In a recent study the
single-file WOGG showed significantly faster glide path preparation times compared
to KFs and PFs when used in combination with the Primary WaveOne Gold
instrument. Final canal preparation was slowest where no glide path preparation was
done before final instrumentation with the PWOG file (31).

In conclusion, although KF’s resulted in highest transportation values with glide path
preparation, centering ability and canal transportation with the Primary WaveOne
Gold instrument was not influenced by the different glide path/ no glide path
techniques. The increased resistance to cyclic fatigue as well as the enhanced
flexibility of WOGG with its improved heat treated gold metal alloy, together with the
convenience of a single-file system with the added benefit of reduced preparation
time, might make WOGG/ PWOG the preferred combination of choice for

preparation of curved canals.

It is important to note that only centering ability and transportation were evaluated in
this study and other benefits of glide path preparation should not be overlooked. For
safe, efficient, and predictable results, glide path preparation prior to shaping is

therefore still recommended.

Acknowledgements

The authors thank Dentsply Sirona for donating the files for this study and the
Department of Odontology, University of Pretoria, South Africa for supporting this
project. The authors thank the South African National centre for Radiography and
Tomography, Radiation Science, South African Nuclear Energy Corp for the use of
the Micro-Focus X-ray Tomography Facility, particularly Mr Jacobus Hoffman for
his time and assistance with the reconstruction of micro-focus-x-ray images. The
authors also thank Prof H.S. Schoeman for his valuable support with statistical

analysis. The authors deny any conflict of interest related to this study.

12



References

10

11

12

13

14

15

16

17

18

Berutti E, Negro AR, Lendini M, et al. Influence of manual preflaring and
torque on the failure rate of ProTaper rotary instruments. J Endod
2004;30:228-30.

Schilder H. Cleaning and shaping the root canal. Dent Clin North Am
1974;18:269-96.

Peters OA. Current challenges and concepts in the preparation of root canal
systems: a review. J Endod 2004;30:559—-67.

West J. Endodontic update 2006. J Esthet Restor Dent 2006;18:280—-300.
Berutti E, Paolino DS, Chiandussi G, et al. Root canal anatomy preservation of
WaveOne reciprocating files with or without glide path. J Endod 2012;38:101—
4.

Walsch H. The hybrid concept of nickel-titanium rotary instrumentation. Dent
Clin North Am 2004,;48:183-202.

Gergi R, Rjeily JA, Sader J, et al. Comparison of canal transportation and
centering ability of twisted files, Pathfile-ProTaper system, and stainless steel
hand K-files by using computed tomography. J Endod 2010;36:904—7.
Pasqualini D, Bianchi CC, Paolino DS, et al. Computed micro-tomographic
evaluation of glide path with nickel-titanium rotary PathFile in maxillary first
molars curved canals. J Endod 2012;38:389-93.

Van der Vyver PJ, Paleker F, Jonker CH. Comparison of preparation times of
three different rotary glide path instrument systems. South African Dent J
2015;70:146-9.

Cantatore G, Berutti E, Castellucci A. The pathfiles: a new series of rotary
nickel titanium instruments for mechanical pre-flaring and creating the glide
path. Oral Health 2010;100:66-8.

Grande NM, Ahmed HMA, Cohen S,et al. Current assessment of reciprocation
in endodontic preparation: a comprehensive review—part i: historic
perspectives and current applications. ) Endod 2015;41:1778-83.

Sanches Cunha R, Junaid A, Ensinas P, et al. Assessment of the separation
incidence of reciprocating WaveOne files: a prospective clinical study. J Endod
2014;40:922-4.

Plotino G, Grande NM, Porciani PF. Deformation and fracture incidence of
Reciproc instruments: a clinical evaluation. Int Endod J 2015;48:199-205.
Webber J. Shaping canals with confidence: WaveOne GOLD single-file. Roots
2015;1:34-40.

Ruddle CJ. Single-file shaping technique: achieving a gold medal result. Dent
Today 2016;January:1-7.

Dowker S, Davis G, Elliott J. X-ray microtomography—nondestructive three-
dimensional imaging for in vitro endodontic studies. Oral Surg Oral Med Oral
Pathol Oral Radiol Endodontology 1997;83:510-6.

Rhodes JS, Pitt Ford TR, Lynch PJ, et al. Micro-computed tomograpy: a new
tool for experimental endodontology. Int Endod J 1999;32:165-70.

Schneider SW. A comparison of canal preparations in straight and curved root
canals. Oral Surg Oral Med Oral Pathol Oral Radiol Endodontology

13



19

20

21

22

23

24

25

26

27

28

29

30

31

1971;32:271-5.

Pruett JP, Clement DJ, Carnes DL Jr. Cyclic fatigue testing of nickeltitanium
endodontic instruments. J Endod 1997;23:77-85.

Hoffman JW, De Beer. Characteristics of the micro-Focus x-ray tomography
facility (MIXRAD) at Necsa in South Africa. 18th World Conference on
Nondestructive Testing. Durban, South Africa, April 16—20, 2012.

Gambill JM, Alder M, del Rio CE. Comparison of nickel-titanium and stainless
steel hand-file instrumentation using computed tomography. J Endod
1996;22:369-75.

Elnaghy AM, Elsaka SE. Evaluation of root canal transportation, centering
ratio, and remaining dentin thickness associated with Protaper NEXT
instruments with and without glide path. J Endod 2014;40:2053-6.

Paleker F, Van der Vyver PJ. Comparison of canal transportation and centering
ability of K-files, ProGlider File, and G-Files: A micro-computed tomography
study of curved root canals. J Endod 2016;42:1105-9.

De Carvalho GM, Sponchiado ESJ, Garrido ADB, et al. Apical Transportation,
Centering ability, and cleaning effectiveness of reciprocating single-file system
associated with different glide path techniques. J Endod 2015;41:2045-9.
Gergi R, Osta N, Bourbouze G, et al. Effects of three nickel titanium instrument
systems on root canal geometry assessed by micro-computed tomography. Int
Endod J 2015;48:162-170.

Burklein S, Poschmann T, Schafer E. Shaping ability of different nickel-titanium
systems in simulated s-shaped canals with and without glide path.
2014;40:1231-4.

Wu MK, Fan B, Wesselink PR. Leakage along apical root fillings in curved root
canals. Part I: effects of apical transportation on seal of root fillings. J Endod
2000;26:210-6.

Blrklein S, Hinschitza K, Dammaschke T, et al. Shaping ability and cleaning
effectiveness of two single-file systems in severely curved root canals of
extracted teeth: Reciproc and WaveOne versus Mtwo and ProTaper. Int Endod
12012;45:449-61.

Kirchhoff AL, Chu R, Mello I, et al. Glide path management with single- and
multiple-instrument rotary systems in curved canals: A micro-computed
tomographic study. J Endod 2015;41:1880-3.

Paleker F, Van Der Vyver PJ. Glide path enlargement of mandibular molar
canals by using K-files, the Proglider File, and G-Files : a comparative study of
the of the preparation times. J Endod 2017;43:609-12.

Vorster M, Van der Vyver PJ, Paleker F. Influence of glide path preparation on
the canal shaping times of WaveOne Gold in curved mandibular molar canals.
J Endod 2018;44:853-5.

14



	Abstract
	Keywords: Centering ability, transportation, micro-CT, stainless steel K-files, PathFiles, WaveOne Gold Glider, WaveOne Gold.
	Introduction
	Materials and Methods
	Glide Path Preparation
	Statistical Analysis
	Mean and standard deviations for centering ability and canal transportation were determined for each group and One-way analysis of variance (ANOVA) was used to statistically compare groups .Centering ratio and transportation values showed parametric d...
	Results
	Tables 1 and 2 show the mean and standard deviations values of the canal transportation and centering ability ratios at the three different levels for the different glide path groups and after canal preparation with PWOG. Stainless steel KFs were foun...
	Table 1: Statistical Analysis of Mean Transportation (mm) and Centering Ratios Values After Glide Path Preparation (n=15)
	Table 2: Statistical Analysis of Mean Transportation (mm) and Centering Ratios Values After Final Preparation with PWOG (n=15)
	Discussion
	Acknowledgements

