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Abstract

Alovisi M, Cemenasco A, Mancini L, Paolino D,
Scotti N, Bianchi CC, Pasqualini D. Micro-CT
evaluation of several glide path techniques and ProTaper Next
shaping outcomes in makxillary first molar curved canals.

International Endodontic Journal.

Aim To evaluate the ability of ProGlider instruments,
PathFiles and K-files to maintain canal anatomy dur-
ing glide path preparation using X-ray computed
micro-tomography (micro-CT).

Methodology Forty-five extracted maxillary first
permanent molars selected. Mesio-buccal
canals were randomly assigned (n = 15) to manual
K-file, PathFile or ProGlider groups for glide path
preparation. Irrigation was achieved with 5% NaOCl
and 10% EDTA. After glide path preparation, each
canal was shaped with ProTaper Next X1 and X2
to working length. Specimens were scanned (isotro-
pic voxel size 9.1 pm) for matching volumes and
surface areas and post-treatment analyses. Canal

were

volume, surface area, centroid shift, canal geometry
variation through ratio of diameter ratios and ratio
of cross-sectional areas were assessed in the apical

and coronal levels and at the point of maximum
canal curvature. One-way factorial aNovas were
used to evaluate the significance of instrument in
the various canal regions.

Results Post-glide path analysis
instrument factor was significant at the apical level
for both the ratio of diameter ratios and the ratio of

revealed that

cross-sectional areas (P < 0.001), with an improved
maintenance of root canal geometry by ProGlider and
PathFile. At the coronal level and point of maximum
canal curvature, ProGlider demonstrated a tendency
to pre-flare the root canal compared with K-file and
PathFile. PathFile and ProGlider demonstrated a sig-
nificantly lower centroid shift compared with K-file at
the apical level (P = 0.023). Post-shaping analysis
demonstrated a more centred preparation of ProGli-
der, compared with PathFile and K-files, with no
significant differences for other parameters.
Conclusions Use of ProGlider instruments led to
less canal transportation than PathFiles and K-files.
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Introduction

Use of nickel-titanium (NiTi) rotary instruments is
associated with well-tapered root canal preparations,
reduced operator fatigue and less time required for
shaping, whilst also minimizing the risk of root canal
transportation, compared with manual instrumenta-
tion (Gambill et al. 1996, Coleman & Svec 1997).
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Improvements to shaping outcomes continue to
simplify instrumentation protocols (Peters 2004, Hiils-
mann et al. 2005, Shen et al. 2013). However, instru-
ment fracture, which is mainly dependent on bending
and torsional stresses, remains a concern (Kuhn &
Jordan 2002, Parashos & Messer 2006). Canal scout-
ing and initial glide path with stainless steel sizes 08—
10 K-files provide canal patency with tactile feedback
and information regarding anatomy (Biirklein &
Schifer 2013). Subsequently, a glide path is prepared
to create a smooth canal shape usually of a small
taper (.02). Sizes 15 or 20 are recommended to pre-
vent instrument blockage or taper lock (Roland et al.
2002, Blum et al. 2003, Berutti et al. 2004, 2009,
Peters 2004), (American Association of Endodontists
2008). The intensity of torsional stresses affecting
shaping instruments can therefore be reduced by cre-
ating manual or mechanical glide paths (Sattapan
et al. 2000, Roland et al. 2002, Blum et al. 2003,
Berutti et al. 2004, Patino et al. 2005). Compared
with manual glide path preparation, mechanical glide
path preparation seems to be less technique-sensitive,
resulting in an improved preservation of the canal
anatomy, fewer canal aberrations, reduced time
required for shaping and a lower incidence of postop-
erative pain (Berutti et al. 2009, 2012a, Lopes et al.
2012, Pasqualini et al. 2012a, Ajuz et al. 2013).

The ProGlider single-file system (Dentsply Maillefer,
Ballaigues, Switzerland) is manufactured from
M-Wire™ alloy (Johnson et al. 2008) and consists of
a single instrument with .02 taper and 0.16 mm
diameter at its tip. The instrument is progressively
tapered (up to .85) with an active part of 18 mm.
ProGlider is recommended for use in continuous
rotation (300 rpm; 2-5.2 Ncm torque) after canal
patency has been verified with a size 10 K-file
at working length (WL) (https://www.dentsply.com/
content/dam/dentsply/pim/manufacturer/Endodontics/
Glide_Path__Shaping/Rotary__Reciprocating_Files/Glide
_Path/ProGlider_Rotary_Glide_Path_Files/ProGlider-DFU
-kn8v8py-en-1409.pdf). The ProGlider instrument
demonstrated greater flexibility and resistance to
cyclic fatigue and torsional stresses, compared with
the PathFile 2 (size 16, .02 taper, Dentsply Maille-
fer) (Elnaghy & Elsaka 2015). The progressive
tapered design provides a glide path and prelimi-
nary enlargement of the root canal in the middle
and coronal regions. This feature has been reported
to reduce stress to the subsequent shaping NiTi
rotary instrument (Berutti et al. 2014). However,
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little data exist on the capacity of this single-file
glide path technique to maintain the original root
canal anatomy. A previous study (Elnaghy &
Elsaka 2014) reported better preservation of the
original canal anatomy with ProGlider—ProTaper
Next (Dentsply Maillefer) and PathFiles—ProTaper
Next systems compared with ProTaper Next with-
out glide path. The authors concluded that the
fewer pecking motions required to complete shap-
ing with ProTaper Next, especially when a glide
path and initial flaring of the coronal and middle
portion of the root canal previously achieved with
the ProGlider instrument, could have led to
reduced canal transportation. However, no informa-
tion about the behaviour of the single-file ProGlider
technique alone on canal geometry emerged from
this study. Kirchhoff et al. (2015) evaluated apical
transportation, canal volume increase and working
time during glide path preparation with ProGlider
and PathFile systems. ProGlider completed the glide
path faster than PathFile; however, similar apical
transportation and volume increases occurred in
both groups. No data exist on the impact of glide
path on post-shaping outcomes.

Several techniques have been used to evaluate
shaping outcomes in ex vivo experimental models. X-
ray computed micro-tomography (micro-CT) has
emerged as a powerful tool for the evaluation of root
canal morphology (Gambill et al. 1996, Peters 2004,
Nair & Nair 2007, Paqué et al. 2009) as it enables
the nondestructive analysis of key variables by match-
ing high-resolution volume renderings of pre- and
postoperative canal systems (Peters et al. 2003, Peters
2004, Loizides et al. 2007, Moore et al. 2009, Pas-
qualini et al. 2012b, Marceliano-Alves et al. 2015).
Micro-CT findings have been reported to be compara-
ble to those obtained by anatomical sectioning (Balto
et al. 2000).

The primary objective of this micro-CT study was to
evaluate the ability of ProGlider single file with aug-
mented taper to preserve the original canal anatomy,
compared with traditional 2% taper multiple file rotary
PathFiles and manual (K-files) systems. The secondary
objective was to analyse the impact of different glide
path techniques on final root canal preparation with
ProTaper Next. The null hypothesis was that there
would be no differences between groups after glide path
and shaping in severely curved root canals, with
respect to canal volume and surface area, cross-sec-
tional morphological parameters and centring ability.

© 2016 International Endodontic Journal. Published by John Wiley & Sons Ltd
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Materials and methods

Specimen selection and preparation

Maxillary first permanent molars freshly extracted for
periodontal disease were used in accordance with the
local ethics committee. A sample size of 15 per group
was calculated with G¥*Power 3.1.4 (Kiel University,
Kiel, Germany) to set the study power at 80% (a large
effect size equal to 1 was considered for the sample
size computation). Specimens were immersed in a
0.01% NaOCl solution at 4 °C for 24 h following
debridement of the root surface and then stored in
saline solution.

A total of 64 teeth were selected. Specimens were
mounted on a custom-made support, and low-resolu-
tion preliminary scans were performed to attain an
overall outline of root canal anatomy and to ensure
inclusion criteria were met.

Low-resolution preliminary scans were performed
with the following parameters: a total of 450 projec-
tions through a 225° rotation (180° plus cone angle
of the X-ray source) using a 1.0-mm-thick aluminium
filter; voltage = 100 kV, current = 80 pA, source-to-
object distance = 80 mm, source-to-detector distance
= 220 mm, pixel binning = 8 x 8, exposure time/
projection = 0.2 s. COBRA 7.2 (Exxim, Pleasanton,
CA, USA) software was used to reconstruct the axial
slices with an isotropic voxel size of 36 pm. Recon-
structed axial slices in raw 16 bit format were equal-
ized and converted to 8 bit TIFF file format with
Image] 1.43u 64 bit software (National Institute of
Health, Bethesda, MD, USA) and the reconstructed
volumes were visualized using the VGStudio MAX 2.0
software (Volume Graphics GMBH, Heidelberg,
Germany).

Morphological parameters of the mesio-buccal
(MB1) canals were obtained. MB1 canals 12 £ 2 mm
from canal orifice to apical foramen, 25-40° primary
root curvature in clinical bucco-palatal view accord-
ing to the Schneider method (Schneider 1971),
4 <r<8 mm main curvature radius (Gu et al
2010) and a point of maximum curvature located
within the middle third of the root canal were
selected. The primary curvature was also investigated
with a proximal view (after a 90° rotation of the
specimen along its axis), and only teeth with a
10-30° primary curvature were included. Teeth with
a distinct fourth canal orifice were utilized, so as to
exclude teeth with a bucco-lingually flat mesio-buccal
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canal. Teeth with significant calcifications were
excluded. Teeth not concurring with the aforemen-
tioned inclusion criteria regarding canal curvature
and patency were excluded.

X-ray micro-CT analysis

The selected samples were then scanned at a higher
spatial resolution, acquiring 2400 projections through
a 360° rotation and using a 1.0-mm-thick aluminium
filter. The following parameters were set for the high-
resolution scans: voltage = 100 kV, current = 80 pA,
source-to-object distance = 80 mm, source-to-detector
distance = 220 mm, pixel binning = 2 x 2, exposure
time/projection = 3 s (total scan duration = 2 h).
COBRA 7.2 (Exxim) software was used to reconstruct
the axial slices with an isotropic voxel size of 9.1 pum.
Ring artifacts reduction was performed by the Pore3D
software library developed at Elettra (Brun et al.
2010). Reconstructed axial slices in raw 16 bit format
were equalized and converted to 8 bit TIFF file format
with Tmage] 1.43u 64 bit software (National Institute
of Health) with a whole stack volume of approxi-
mately 1200 x 1200 x 1200 voxels.

Image stacks were processed for volume registration
and cutting plane selection by Amira 5.3.3 64 bit edi-
tion (Visage Imaging, Richmond, Australia). The reg-
istration algorithm was based on the mean square
difference between the grey values of the two image
sets. The alignment steps were set to 0.9 microns
with a 0.0001 unit tolerance on the voxel intensity.
Root canal paths were analysed with high-resolution
3D rendering and orthogonal cross sections to assess
homogeneity of the groups at baseline (apical cross-
sectional areas and diameters 1 mm from apical fora-
men, root canal surface area and volume). After
checking the normality assumption (Shapiro—Wilk
test), the degree of homogeneity was evaluated by
one-way ANovA (level of significance 5%).

Specimen preparation

Of 64 teeth assessed for inclusion, 19 were excluded
due to anatomical features and severe calcification of
the root canal. Forty-five teeth were randomly allo-
cated to the experimental groups (n = 15): PathFile,
ProGlider and hand K-files control group and between
two experienced Clinical Assistant Professors in
Endodontics with more than five years of experience
using a computer-generated randomization table.
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The operators were experienced in the techniques
used and had been calibrated for pecking speed and
pressure on the handpiece. New instruments were
used for each specimen. Rotary instruments were
used with in and out motion, with no intentional
brushing effect. As each instrument required a specific
technique, it was not possible to blind operators to
their allocation. However, randomization, allocation
and statistical analysis were all performed by blinded
operators.

Following access cavity preparation, canal scouting
and initial glide path were performed in all specimens
with a size 10 K-file at WL using Glyde™ (Dentsply
Maillefer, Ballaigues, Switzerland) as lubricating agent
(0.80 mg) (Cruz et al. 2014). WL was established
under 10x magnification (OPMI Pro Ergo, Carl Zeiss,
Oberkochen, Germany) when the tip of the instru-
ment was visible at the apical foramen and then sub-
tracting 0.5 mm from this length.

The pulp chamber was filled with 5% NaOCI (Niclor
5, OGNA, Muggio, Italy) throughout instrumentation,
and 2 mL 5% NaOCl was used to irrigate the canal
between each instrument for one minute.

Mechanical glide path preparation in the PathFile
test group (n = 15) was performed with NiTi rotary
PathFile 1 and 2 (tip sizes 0.13 and 0.16 mm, respec-
tively, taper .02) (Dentsply Maillefer) and an
endodontic motor (X-Smart, Dentsply Maillefer) with
16 : 1 contra angle at 300 rpm, 5 Ncm at full WL.

Mechanical glide path in the ProGlider test group
(n=15) was performed with NiTi rotary ProGlider
single file (tip size 0.16 mm, taper .02) (Dentsply
Maillefer) and an endodontic engine with 16 : 1 con-
tra angle, at 300 rpm, 5 Ncm at full WL.

Manual glide path in the K-file control group
(n=15) was carried out with stainless steel sizes 12
to 15 K-FlexoFiles (Dentsply Maillefer), used with a
‘feed in and pull’ motion (watch-winding motion and
then moved coronally after engagement)until full WL.
All specimens were then shaped with ProTaper Next
X1 (0.17, .04 to .075 taper) and X2 (0.25, .06 to .07
taper) (Dentsply Maillefer) using the X-Smart motor
(300 rpm, 4 Ncm) at WL. Instruments were removed
from the canal and cleaned each time after three
pecking motions until WL was reached.

The number of pecking motions and the time (s)
required for glide path and shaping with ProTaper
Next X1 and X2 were recorded.

Irrigation was carried out with disposable conven-
tional hand-held syringes and 30G needles taken
2 mm short of the WL without engaging root canal
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walls. Alternating 5% NaOCl with 10% EDTA was
used to provide a total of 10 mL of each irrigant solu-
tion per specimen. Recapitulation with a size 10 K-file
was performed between each instrument. Root canals
were dried with absorbent sterile paper points and
micro-scanned for post-treatment analyses.

Micro-CT 3D and 2D imaging analysis

Three-dimensional models of the root canals, before
preparation, after glide path preparation and after
shaping with ProTaper Next, were matched and
micro-CT scans were managed as previously described
to enable pre- and postoperative evaluation for each
group. Three-dimensional (volume and surface area)
and 2D (root canal gravity centre, ratio of diameter
ratios and ratio of cross-sectional areas) parameters
were assessed. Root canal volumes were calculated as
the volume of binarized objects within the volume of
interest. Surface areas were extracted by the vertical
surfaces exposed by pixel differences between adjacent
cross sections (Versiani et al. 2013). Increases in vol-
ume and surface areas were analysed for each group
by subtracting the scores for the untreated canals
from those recorded for their treated counterparts.

Root canal sections orthogonal to the canal axis
were set at three levels: apical (A), 1 mm from the
apical foramen; middle (M), set at the point of maxi-
mum curvature; and coronal (C), set in correspon-
dence to the middle portion of the root canal coronal
third defined by 3D calculation of the root canal
length from apex to orifice. These were selected as
areas most representative of the critical shaping
points (Jafarzadeh & Abbott 2008), and 2D parame-
ters were analysed at each level. The same cutting
plane orientation was used for pre- and post-treat-
ment samples. Axial slices were imported in TIFF for-
mat and analysed with Image] using a minimum
threshold algorithm (MT). The MT was implemented
in the auto threshold item built within the Image
menu (Image]) to avoid manual errors (Neves et al.
2015). Micro-CT analyses were performed preopera-
tively and both after glide path and shaping and data
were collected by an experienced operator who was
blind to specimen allocation.

The major diameter was calculated as the distance
between the two most distant pixels in the object. The
minor diameter was defined as the longest chord
orthogonal to the respective major diameter (Versiani
et al. 2013). Canal transportation was assessed from
centres of gravity that were calculated for each slice

© 2016 International Endodontic Journal. Published by John Wiley & Sons Ltd
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(Peters et al. 2000, Peters & Paqué 2011). The centre
of gravity for each scanning slice at the three levels of
analysis (A, M and C) was traced, and coordinates on
both axes of planar images were recorded. The aver-
age of the x- and y-coordinates of all pixels in the
selection was automatically traced using Image] soft-
ware through the ‘centroid’ algorithm, following the
automated ‘wand tracing’ tool of the threshold root
canal space. Average canal transportation was subse-
quently calculated by the centroid shift, in millime-
tres, before and after instrumentation.

Ratio of diameter ratios (RDR) and ratio of cross-
sectional areas (RA) indicators were used to evaluate
canal geometry modifications induced by preparation,
as previously published (Pasqualini et al. 2012b).

1. RDR represents the instrument tendency to asym-
metrically enlarge the root canal in one direction:
that is RDR = (D/d),ost/(D/d)pre, Where (D/d)post is
the post-preparation ratio of the major diameter
(D) to the minor diameter (d) and (D/d)p. is the
pre-preparation ratio of D to d. Score 1 corre-
sponds to no difference in ratios between post-
and pre-instrumentation measurements. Values
closer to 1 correspond to a better maintenance of
the original canal geometry, whilst deviation from
1 corresponds to a less symmetrical preparation
compared to the original anatomy.

2. RA quantifies the ability of the instrument to enlarge
the root canal space: that is RA = Apost/Apre:
where A, and Ap. are the post-preparation and
the pre-preparation cross-sectional areas, respec-
tively. Values closer to 1 correspond to a reduced
difference between post- and pre-instrumentation
measurements. Assuming similar baseline charac-
teristics of the root canals, values closer to 1 cor-
respond to a reduced enlargement.

Statistical analysis

Data distribution was analysed with the Shapiro-Wilk
normality test. Differences in canal curvature at base-
line and shift of canal centre of gravity at the M level

were analysed by the Kruskall-Wallis test and post
hoc Dunn’s test (P < 0.05). One-way ANova and post
hoc Tukey—Kramer test (P < 0.05) were used to anal-
yse differences in the increase in surface area and
canal volume and shift in canal centre of gravity at
the A and C level.

One-way ANovAs were performed to evaluate the
impact of instrumentation (K-file/PathFile/ProGlider)
on RDR and RA at each level of analysis (A, M and
C). Tukey—Kramer test was utilized as a post hoc test.
The significance level was set to 5% (P < 0.05). All
statistical analyses were performed using the Minitab
15 software package (Minitab Inc., State College, PA,
USA).

Results

The mean curvature of specimens was 33.1° + 3.8°
(min = 26°, max = 40°), 34.4° + 4.1° (min = 28°,
max = 39°) and 34.9° + 3.8° (min = 27°, max =
40°) in the K-file, PathFile and ProGlider groups,
respectively, with no differences between groups
(P =0.14). There was no incidence of instrument
fracture during canal preparation. Canal volumes,
surface areas and mean apical diameters at baseline
are presented in Table 1. The values displayed preop-
erative homogeneity between groups.

Figures 1 and 2 represent, respectively, 3D and 2D
matching of preoperative (green), post-glide path (red)
and post-shaping (blue) canal volume and sections at
the apical (A), middle third at point of maximum cur-
vature (M) and coronal (C) levels of analysis in all
groups.

The increase in canal volumes and surface areas, shift
of canal centres of gravity and RDR and RA after glide
path and shaping are presented in Tables 2 and 3.

Post-glide path results

The mean number of pecking motions to complete
the glide path was 7.2 + 1.17 in the PathFile group
and 3.80 £ 1.75 in the ProGlider group; the mean

Table 1 Sample baseline characteristics in all groups (mean, STD)

KF PF PG P
Canal volumes (mm?®) 2.08 + 0.83 2.27 + 0.79 2.09 + 0.90 0.15
Canal surface area (mm?) 15.97 + 4.70 16.22 + 3.78 16.61 + 3.73 0.77
Apical diameters® (mm) 0.17 £+ 0.06 0.18 + 0.04 0.16 + 0.05 0.45

KF, hand K-file; PF, PathFile; PG, ProGlider.
Statistical significance indicated by P < 0.05
2Apical diameters (mean+SD) at 1T mm from apical foramen

© 2016 International Endodontic Journal. Published by John Wiley & Sons Ltd
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Figure 1 Representative images of matching 3D reconstructions pre-treatment (green), post-glide path (red) and post-shaping
with ProTaper Next X1 and X2 (blue); hand K-files; ProGlider; PathFile groups.

Figure 2 Image matching of pre-instrumentation, post-glide path and post-shaping sections, according to the previously
selected cutting plane. Note the difference between pre-treatment (green) post-glide path (red) and post-shaping with ProTaper
Next X1 and X2 (blue) specimens at the apical (A), middle third at maximum curvature (M) and coronal (C) levels of analysis.

Hand K-files; ProGlider; PathFile groups.

instrumentation time (s) was 14.25 + 1.37 in the
PathFile group and 6.8 + 0.84 in the ProGlider
group. There was a significant difference between the
groups (P = 0.0001) for both parameters.

ProGlider instrumentation enlarged the root canal
space with a significant increase in canal volume

International Endodontic Journal

(P <0.0001) and surface area (P = 0.0009) com-
pared with K-file and PathFile groups.

Hand K-files demonstrated a significant increase in
centre of gravity shift compared with NiTi rotary
PathFile and ProGlider at the A point of analysis
(P =0.023). No differences emerged from post hoc

© 2016 International Endodontic Journal. Published by John Wiley & Sons Ltd
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analysis between PathFile and ProGlider. No differ-
ences were found between groups in centring ability
at C and M points of analysis.

RDR and RA were closer to 1 in the ProGlider and
PathFile groups at A, indicating that canal geometry
modifications were significantly reduced compared
with hand instrumentation, where asymmetrical
increases in canal diameters and cross-sectional area
occurred. RDR was closer to 1 in the ProGlider and
PathFile groups at M, indicating that canal modifica-
tions were reduced compared with hand instrumenta-
tion. However, the differences were not significant.
RA was further from 1 in the ProGlider group at M
and C compared with the PathFile and K-File groups,
demonstrating a tendency of ProGlider to produce a
more evident enlargement of the root canal in the
middle and coronal portions of the canals.

Canal shaping results

The mean number of pecking motions with ProTaper
Next X1 and X2 was 15.8 + 2.32 in the PathFile
group, 11.6 &+ 1.36 in the ProGlider group and
16.2 + 2.81 in the K-file group. The difference
between groups was significant (P = 0.02). The mean
instrumentation time (s) was 26.8 £+ 2.85 in the
PathFile group, 23.95 + 4.14 in the ProGlider group
and 27.7 £+ 3.01 in K-file group, with no significant
difference (P = 0.08) between the groups.

The ProGlider group had a significantly reduced cen-
tre of gravity shift compared with PathFile and K-file
groups at A, M and C points of analysis (P < 0.05). No
significant differences emerged between groups for
other 3D and 2D parameters (Table 3).

Discussion

Initial canal scouting and glide path preparation are
the first instrumentation steps of root canal proce-
dures, and these are associated with high rates of pro-
cedural errors and ledge formation (Jafarzadeh &
Abbott 2008). Despite the benefits of mechanical glide
path (Berutti et al. 2009, Pasqualini et al. 2012a,b),
contrasting studies have not demonstrated any differ-
ences between manual or rotary glide path (Alves
Vde et al. 2012) and both techniques are considered
clinically reliable (Biirklein & Schéfer 2013). There-
fore, manual glide path with stainless steel K-files is
still considered a valid technique when compared
with new NiTi rotary glide path systems (Alves Vde
et al. 2012) (Blirklein & Schéafer 2013).
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Micro-CT scanning is a valuable and reproducible
method for evaluating root canals prepared with NiTi
rotary instruments or stainless steel endodontic files
(Peters et al. 2001, 2003, Loizides et al. 2007, Nair &
Nair 2007, Moore et al. 2009, Paqué et al. 2009, Pas-
qualini et al. 2012b, Zhao et al. 2013). Matching vol-
ume rendering of teeth obtained with X-ray micro-CT
before and after treatment enables the 3D analysis of
canal volume and surface area (Peters et al. 2003,
Capar et al. 2014) and 2D analysis of root canal sec-
tions orthogonal to the canal axis at different levels
(Peters 2004, Nair & Nair 2007, Pasqualini et al.
2012b). In this study, ProGlider significantly increased
canal volume and surface area compared with manual
and mechanical glide path with PathFiles, probably
due to its progressive taper design. The present findings
are in contrast to a previous study (Kirchhoff et al.
2015), which reported similar volume increases during
glide path management with PathFiles and ProGliders.
However, the ProGlider system (size 16, .02 taper at
the tip) was compared with the PathFile system until
size 3 (size 19, .02 taper). In the present study, NiTi
rotary glide path instruments (PathFile and ProGlider)
demonstrated significantly better maintenance of the
original canal anatomy compared with hand K-files,
with less impact on the canal axis (Zhao et al. 2013)
and root canal geometry, especially in the apical
region. Baseline homogeneity was assumed between
groups for cross-sectional area and diameter at point A.
Results were compatible with instrument effectiveness
against canal walls and displayed coherence with data
from the literature (Table 1) (Marroquin et al. 2004).
Furthermore, RDR and RA analyses indicated that
hand K-files impacted on the original canal geometry
at the apical level with a less symmetrical enlargement
of the root canal in each direction. Regarding apical
transportation, findings are in agreement with previous
studies (Kirchhoff et al. 2015). NiTi rotary instruments
used to create glide paths should ideally be small and
flexible to permit safe and efficient progression in an
apical direction (Ajuz et al. 2013, Haapasalo & Shen
2013, Nakagawa et al. 2014). Previous micro-CT anal-
ysis confirmed the ability of NiTi rotary PathFiles to
perform glide paths and better preserve the original
root canal geometry (Pasqualini et al. 2012b, Ajuz
et al. 2013), and they were selected as the NiTi
rotary control group. Alternatively, stainless steel K-
files, due to their increased stiffness, have a higher
tendency to straighten the canal and to create aber-
rations such as apical zips and elbows (Pettiette
et al. 1999, Berutti et al. 2009).
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The ProGlider instrument is recommended for use
prior to ProTaper Next X1 with tip size 17, immedi-
ately following size 10 K-file to passively reach full
WIL, verifying canal patency. However, its tip size
0.16 mm is considered sufficient for minimizing taper
lock for nearly all first instruments of similar tip size
used in shaping systems (Elnaghy & Elsaka 2015).

ProGlider instruments demonstrated a tendency to
create a preliminary enlargement of the root canal
in the coronal and middle portions due to its pro-
gressive tapered design. Preliminary enlargement of
the root canal allows WL files to more consistently
reach the apical foramen, significantly increasing the
precision of electronic apex locators to determine the
real WL (Ibarrola et al. 1999). Moreover, a labora-
tory study demonstrated that preliminary enlarge-
ment of the root canal, with elimination of middle
and coronal interferences with ProGlider, reduced the
amount of stress stored by ProTaper Next X1 during
shaping (Berutti et al. 2014). A previous study
(Elnaghy & Elsaka 2014) reported that glide path
preparation with ProGlider could reduce canal trans-
portation after shaping with ProTaper Next X2.
However, it was not clear whether the findings were
influenced by the superior centring ability of ProGli-
der or only by reduced stress and number of pecking
motions required to complete shaping with ProTaper
Next. The primary objective of this study was to
investigate whether glide path creation could be
effectively performed by a NiTi rotary single file of
augmented taper and to compare this technique with
existing 2% taper multiple file NiTi rotary and man-
ual techniques.

However, subsequent rotary instrumentation may
eliminate such differences amongst the tested groups,
thus rendering clinical relevance debatable. Therefore,
the effects of ProTaper Next shaping on 3D and 2D geo-
metric parameters in the three different groups were
assessed.

In the present study, all final instruments had a
similar tip size to ensure comparability of micro-CT
outcomes and an homogeneous baseline for the sub-
sequent shaping phase. Two different operators previ-
ously calibrated were involved in the study to
increase the external validity of the results obtained
(Bergenholtz & Kvist 2014) and to optimize timing of
the instrumentation phase with a reduction in the
storage time for specimens. Chelating agent in gel
was utilized during canal scouting and initial glide
path, and 10% EDTA liquid solution alternated with
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5% NaOCl was used as irrigant during completion of
the glide path and shaping. Regardless of whether lig-
uid chelating agents more effectively remove smear
layer (Hulsmann et al. 2002, Lim et al. 2003, Cruz
et al. 2014), previous studies suggest that the use of
liquid or gel-like chelating agents during instrumenta-
tion may not significantly affect root canal transporta-
tion (Whitbeck et al. 2015).

Canal volume and surface area variation were not
different amongst groups after shaping with ProTaper
Next X2, thus supporting the hypothesis that different
glide path systems did not affect final preparation
with respect to these parameters.

However, according to previous study (Elnaghy &
Elsaka 2014), ProGlider seemed to improve ProTaper
Next performance by positively influencing geometri-
cal shaping outcomes. In the ProGlider group, the
centre of gravity shift after shaping with ProTaper
Next at the three levels of analysis was lower than
PathFile and K-file. As significant differences were
reported in number of pecking motions during shap-
ing with ProTaper Next in the ProGlider group,
results might be attributed to this aspect beside the
satisfactory centring ability of ProGlider. Therefore, a
glide path preserving the original canal anatomy,
with fewer canal aberrations and the lowest variation
in canal geometry and centring, particularly at the
apical level, may provide more favourable conditions
for the subsequent shaping phase.

Conclusions

The ProGlider single NiTi rotary instrument appears
suitable for glide path management as it was associ-
ated with less canal transportation after shaping
procedures with ProTaper Next X1 and X2.
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