
HAL Id: hal-03189268
https://hal.science/hal-03189268

Submitted on 15 Apr 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Influence of Negotiation, Glide Path, and Preflaring
Procedures on Root Canal Shaping-Terminology, Basic

Concepts, and a Systematic Review
Gianluca Plotino, Venkateshbabu Nagendrababu, Frédéric Bukiet, Nicola
Grande, Sajesh Veettil, Gustavo De-Deus, Hany Mohamed Aly Ahmed

To cite this version:
Gianluca Plotino, Venkateshbabu Nagendrababu, Frédéric Bukiet, Nicola Grande, Sajesh Veettil,
et al.. Influence of Negotiation, Glide Path, and Preflaring Procedures on Root Canal Shaping-
Terminology, Basic Concepts, and a Systematic Review. Journal of Endodontics, 2020, 46 (6), pp.707-
729. �10.1016/j.joen.2020.01.023�. �hal-03189268�

https://hal.science/hal-03189268
https://hal.archives-ouvertes.fr


REVIEW ARTICLE
Gianluca Plotino, DDS, PhD,*

Venkateshbabu Nagendrababu,
BDS, MFDS RCPS, MDS, PhD,†

Frederic Bukiet, DDS, MSc,

PhD,‡x Nicola M. Grande, DDS,
PhD,k Sajesh K. Veettil,

MPharm,{ Gustavo De-Deus,
DDS, PhD,# and

Hany Mohamed Aly Ahmed,
BDS, HDD(Endo), PhD**
Influence of Negotiation, Glide
Path, and Preflaring
Procedures on Root Canal
Shaping—Terminology, Basic
Concepts, and a Systematic
Review
SIGNIFICANCE

The definition of glide path and
preflaring procedures remains
controversial. Glide path
preparation significantly
reduces canal transportation
and the risk of debris extrusion.
Coronal preflaring increases
the accuracy of working length
determination and decreases
the amount of debris extrusion.
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ABSTRACT
Introduction: Negotiation, glide path, and preflaring are essential steps in root canal shaping 
procedures. This report aimed to discuss the terminology, basic concepts, and clinical 
considerations of negotiation, glide path, and preflaring procedures and the influence of these 
steps on root canal shaping. Methods: This systematic review was undertaken following 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. The pro-
tocol has been registered with the International Prospective Register of Systematic Reviews 
(number CRD42019127021). A comprehensive literature search was performed by 2 inde-
pendent reviewers using a selected search strategy in 2 electronic databases (PubMed and 
Scopus) until January 28, 2019. A further search was performed manually in endodontic 
journals. Studies investigating or comparing at least 1 shaping property resulting from root 
canal instrumentation with a glide path or preflaring in human extracted teeth or clinical studies 
were included. Results: The literature shows that the definition of glide path and preflaring 
procedures remains controversial, which requires an elaboration in the American Association 
of Endodontists’ Glossary of Endodontic Terms. After the removal of irrelevant and duplicated 
articles, 98 articles were included. The impact of glide path preparation and preflaring on 
working length determination, apical file size determination, canal transportation, separation of 
endodontic files, shaping time, dentinal microcrack formation, and extrusion of debris was 
discussed. Because of heterogeneity among the included studies, quantitative synthesis was 
not performed for most of the parameters. Conclusions: An evidence-based guideline is 
needed to define and correlate the basic concepts and current applications of each step of 
contemporary advancements in root canal instruments. Glide path preparation reduces the 
risk of debris extrusion, has no influence on the incidence of dentinal crack formation, and 
improves the preservation of the original canal anatomy. The creation of a glide path may have 
no impact on Reciproc files (VDW, Munich, Germany) in reaching the full working length. 
Preflaring increases the accuracy of working length determination. Further randomized clinical 
trials are required to evaluate the effect of a glide path and preflaring on root canal treatment 
outcomes. (J Endod 2020;-:1–23.)
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Adequate knowledge and thorough synthesis of the available evidence for the shaping properties of root 
canal instruments are important1,2. A systematic review is an analysis of the available literature and a 
judgment of the effectiveness of a given procedure or practice. Two recent systematic reviews discussed 
the kinematic effects on the shaping properties of rotary and reciprocating nickel-titanium (NiTi) 
instruments in vitro and discussed consistencies and possible explanations for controversies in findings 
related to canal transportation, centering ability, debris extrusion, and dentinal microcracks1,2.
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Negotiation, glide path preparation, and
preflaring are essential preliminary steps in
optimizing root canal shaping. These steps aim
to allow for effective and safe root canal
shaping and guarantee that the root canal is
sufficiently enlarged to receive the first shaping
instrument3–9. However, literature shows
controversies in terminology and basic
concepts, and studies reveal contradictory
findings and recommendations related to
different systems introduced into the market5.
The aims of this review were

1. to discuss terminological aspects, basic
concepts, and clinical considerations of
negotiation, glide path, and preflaring
procedures and

2. to systematically discuss experimental and
clinical reports that examined the influence
of these steps on root canal shaping
properties.
METHODS

A comprehensive review was undertaken to
discuss the terminology, basic concepts, and
clinical considerations of negotiation, glide
path, and preflaring procedures. A systematic
review that followed the Preferred Reporting
Items for Systematic Reviews and Meta-
Analyses guidelines10 was undertaken to
discuss the effect of these steps on root canal
shaping.

Registration
The protocol has been registered with the
International Prospective Register of
Systematic Reviews (number
CRD42019127021).

Research Questions
The following research questions for the
current systematic review were designed
based on the Problem, Intervention,
Comparison, Outcome, Study design (PICOS)
framework:

1. Does glide path preparation (I) in human
teeth (P) result in better root canal shaping
properties (O) compared to teeth treated
without the above intervention (C) assessed
from in vitro or in vivo studies (S)?

2. Do glide path systems used in manual
motion (I) result in better shaping properties
(O) compared to automated motions (C) in
human teeth (P) from in vitro or in vivo
studies (S)?

3. Do glide path systems used in reciprocation
motion (I) result in better shaping properties
(O) compared to continuous rotation (C) in
human teeth (P) from in vitro or in vivo
studies (S)?
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4. Does preflaring (I) in human teeth (P) result
in better root canal shaping properties (O)
compared to teeth treated without the
above intervention (C) assessed from
in vitro or in vivo studies (S)?
Literature Search
The literature search was performed using the
following keywords: (flaring) OR pre-flaring) OR
preflaring) OR "Early coronal flaring") OR
"Coronal preflaring") OR "Coronal pre-flaring")
OR "Early coronal enlargement") OR "Coronal
preenlargement") OR "Coronal pre-
enlargement") OR Glide Path) OR Negotia*) OR
Scout*)) AND ((root canal) OR endod*). The
PubMed and Scopus databases were
searched to identify relevant studies published
until January 28, 2019. Eligible studies were
also searched in the references of the included
studies. An additional hand search was
performed in the following journals: Journal of
Endodontics; International Endodontic Journal;
Australian Endodontic Journal; Restorative
Dentistry and Endodontics; Iranian Endodontic
Journal; and Oral Surgery, Oral Medicine, Oral
Pathology, Oral Radiology, and Endodontics.

Inclusion Criteria

The inclusion criteria were as follows:
1. Studies investigating at least 1 shaping

property resulting from root canal
instrumentation with a glide path or
preflaring in comparison with
instrumentation without a glide path or
preflaring.

2. Studies comparing at least 1 shaping
property between manual, reciprocating,
and rotary glide path or preflaring systems.

3. Studies performed in extracted human
permanent teeth or in vivo.

4. Studies published only in English.
Exclusion Criteria
Studies performed in training simulated resin
canals or animal teeth were excluded.

Study Selection Process
Selection of studies by screening the title and
abstract followed by full text assessment was
independently performed by two reviewers
(V.N., H.M.A.A.). Any disagreement was
resolved by the third reviewer (F.B.).

Meta-analysis
A meta-analysis was performed when the
authors found it difficult to come to a
conclusion on a given shaping property.
Missing information was obtained by
contacting the corresponding author of the
study. If the mean and standard deviation were
not mentioned in the text or table of the
published studies, the data (mean and
standard deviation) were extracted from the
graphs using WebPlotDigitizer (Ankit Rohatgi;
https://automeris.io/WebPlotDigitizer)11. The
meta-analysis was performed using STATA 15
software (StataCorp, College Station, TX). If
more than 10 studies were included in a meta-
analysis, a funnel plot was generated to assess
the publication bias12.
RESULTS

The initial search resulted in 1640 articles
(Supplemental Fig.S1 is available onlineatwww.
jendodon.com). Removing duplicate articles
resulted in 1409 articles for title and abstract
screening. One hundred two articles were
identified for full-text retrieval; 4articles13–16were
excluded because the studies were not
performed in human permanent teeth. A total of
98 articles were included. (Kappa analysis
between reviewers showed almost perfect
agreement [k5 0.860]). The retrieved articles
were categorized into 2 categories:

1. glide path preparation and
2. preflaring.

No studies compared negotiation as a
single procedure because it is a common step
before glide path preparation and preflaring;
however, the terminological aspects and basic
concepts were discussed.

The shaping properties including
working length (WL) determination, canal
transportation and centering ability, separation
of endodontic instruments, time (shaping time
[ST] and glide path time [GPT]), dentinal
defects/microcrack formation, extrusion of
debris, and apical file size were discussed
under each category.
DISCUSSION

Negotiation of the Root Canal
Terminology
Exploration and scouting are synonyms of the
English term negotiation. In endodontics, this
term refers to the passive exploration phase of
the canal using small files to appreciate the
morphology and initial patency of the canal and
its resistance to file penetration3.

Basic Concepts
A natural path that can be defined as
“anatomic” is present in nature because it is
created by the neurovascular bundle that
penetrates from the apex and reaches the
Raschkow plexus in the pulp chamber of the
tooth. However, once the canal orifice is
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located, negotiating this path by endodontic 
instruments is often difficult, especially if the 
canal is narrow and/or curved7,17.

An adequate understanding of the pulp 
space configuration and its variations enables 
the clinician to successfully locate, negotiate, 
and prepare all root canals7,18. Therefore, 
negotiation of the root canal aims to gather 
as much knowledge as possible about its 
anatomy (size, width, narrowness, or 
calcification) and its geometry (orientation and 
curvature) without necessarily attempting to 
reach the working length19. Adequate 
understanding of these fine details is of prime 
importance because certain anatomic 
features may compromise the safety and 
efficacy of subsequent enlarging 
instruments8,20.

Negotiation of root canals is usually 
performed using small stainless steel (SS) 
K-files (or reamers) sizes 06 to 10 in a watch-
winding movement4. As a general rule, small-

sized instruments are suitable for calcified 
canals, whereas precurved instruments are 
suitable for abrupt canal curvatures6,17,21,22. 
Variations in the file design have also been 
considered to maximize the necessary balance 
between small size, increased rigidity needed 
for penetration, and minimal deformation, 
especially when used in more complex canal 
morphology (such as narrow curved canals)23. 
Previous studies showed that using 
magnification tools (dental loupes or preferably 
an operating microscope) enhances the ability 
to negotiate canals24–26.

Glide Path Preparation 
Terminology
In aeronautics, when landing, a glide path 
refers to the approach path of an aircraft, 
which is typically defined by a radar beam. 
When an object glides to a certain direction, it 
moves silently and in a smooth and effortless 
manner27. In endodontics, the only available 
published definition of the glide path is a
“smooth radicular tunnel from canal orifice to 
physiologic terminus (apical constriction)”28. 
However, literature shows that this definition 
still remains a matter of debate5, which 
requires an elaboration in the American 
Association of Endodontists’ Glossary of 
Endodontic Terms29.
Basic Concepts
A glide path is achieved when the file can enter 
from the canal orifice passing smoothly along 
the canal walls to the apical terminus in a 
simple, repeatable, and predictable manner, 
resulting in a “super-loose” SS file size 1028,30. 
In some cases, the glide path can be obtained 
using smaller files (sizes 06 or 08), thus
creating a sufficient space that allows a file size
10 to reach the WL.

The glide path should be maintained if it
can be initially negotiated or obtained if it
cannot. This will enable the successful and
safer use of subsequent enlarging NiTi files
because the presence of this space helps to
drive the tip of the instrument on its way inside
the canal31,32.
Preflaring
Terminology
In certain clinical situations, the presence of a
glide path may be not sufficient to ensure the
safe use of rotary files. Thus, an additional
operating step, namely preflaring, may be
indicated33. Preflaring has been defined as a
pre-enlargement of the root canal up to its
terminus using hand files to a tip size at least
equal to that of the tip of the first rotary
instrument that will be used34.

Coronal (cervical) preflaring (early
coronal flaring) and coronal pre-enlargement
(early coronal enlargement) are also terms that
have been used to describe the pre-
enlargement of the coronal third (and
sometimes the middle third) of the root canal
before determination of the WL35–39. The main
purpose of preflaring (and coronal preflaring) is
to minimize the torsional stress on the file when
engaging into the root canal, thus decreasing
the risk of file separation40–43.

Basic Concepts
As instruments advance apically, especially in
narrow canals, they tend to give their form to
the canal. At this point, giving the canal a form
and size similar to such instruments would
further engage the instrument along the canal
walls and increase the mechanical stresses.
For this reason, coronal preflaring (early
coronal enlargement) has been advocated to
reduce the contact between the file and the
dentin walls and to lessen the initial coronal
curvature to gain a straight-line access to
the middle and apical thirds of the canal
(Fig. 1A–F). Therefore, coronal preflaring
prevents iatrogenic mishaps, such as ledges,
blockages, or canal transportation, and
improves debris elimination2,44. In addition,
this step allows for better tactile sensation of
the apical constriction and diameter and
enhances irrigant penetration into the apical
third35. Moreover, this step allows the
instrument to maintain its prebending
necessary for negotiation of abrupt canal
curvatures.

Early elimination of coronal interferences
can be performed with Gates Glidden (GG)
burs (sizes 1, 2, or 3) or NiTi files that are
specifically designed for enlargement of the
canal orifice45. Early coronal enlargement
should be performed with caution at the
expense of the outer cavity wall away from the
furcation following the anticurvature
concept46. An indiscriminate removal of
coronal dentin to a diameter larger than 1 mm
would substantially reduce the root thickness
and subject the tooth to an increased risk of
root perforation and treatment failure47.
Specific ultrasonic tips may be used for this
purpose, which is a less invasive and more
advantageous procedure in terms of visibility
and control than others48.

With the introduction of the single-length
instrumentation technique49 and reciprocating
movement50, “selective early coronal
enlargement” may be preferred. It aims to
remove the coronal interferences while
preparing the root canal37. This could be
beneficial for negotiation and initial canal
preparation of second mesiobuccal canals in
maxillary molars that may have coronal canal
curvatures (Fig. 1G–I). Thismechanism enables
limited removal of dentin in the cervical area
(pericervical dentin, 4 mm below and above the
canal orifice), which is of prime importance for
maintaining reasonable strength of the
endodontically treated teeth51–53. This
approach also emphasizes that the access
cavity preparation is dynamic during the root
canal treatment procedure (Fig. 1C–F). Using a
case by case strategy, the endodontic cavity
can be extended or maintained in a
conservative configuration taking anatomic
challenges into account to reach the apical
terminus safely.

Once negotiation and glide path steps
are successfully performed, the extension of
preflaring mainly depends on the size of the tip
of the first NiTi rotary instrument to be used54.
A hand SS file size 15 has more potential risks
of creating iatrogenic damages in a narrow
root canal compared with file size 10 because
of its relative stiffness related to its
dimensional increase of 50% compared with
file size 1055. Thus, file size 15 may not easily
follow the glide path assured by file size 10,
and its improper use could lead to the
creation of ledges, blockages, and canal
transportation56. If the preflaring step should
be extended to an SS hand file size larger than
10, then using instruments of intermediate
sizes (ie, sizes 12 and 17) is recommended.
However, the hand and rotary/reciprocating
NiTi files, which are more flexible and less
likely to alter the original anatomy, are
sometimes more appropriate for this
purpose55,57.

It is worth mentioning that most of the
rotating or reciprocating instruments
commonly marketed as “glide path files” are in
reality “preflaring files” because they are used
3



FIGURE 1 – A micro–computed tomographic scan of a mandibular molar (A ) before and (B ) after early coronal enlargement and preflaring (complete and indiscriminate removal of the
dentin triangle) of 1 of the mesial root canals. Topographic views of the root canal orifice shape at different phases of root canal treatment procedures. (C ) The access cavity without any
early coronal enlargement. (D–F ) Selective coronal enlargement of the orifices during root canal preparation that aims to cut only the amount of dentin needed to allow enlarging files to
reach the apex safely without excessive stress. The amount of coronal interference removed is related to the root canal anatomy and the instruments used. This image also dem-
onstrates the dynamic nature of the access cavity preparation along the treatment in which more tooth structure was selectively and progressively removed from the mesial wall. (G–I )
Three-dimensional reconstructions of micro–computed tomographic scans showing the mesiobuccal root of a maxillary molar. In yellow (G ), the preoperative image showing the
second mesiobuccal with abrupt coronal canal curvature apical to the canal orifice. In violet (H ), the postoperative image showing the amount of dentin removed to access the second
mesiobuccal root canal highlighted by the (I ) transparent image of the pre-post overlap.
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TABLE 1 - Studies Showing the Glide Path Preparations, Methods Used for Evaluation, and Conclusions

Author(s), year Comparison Methods for evaluation Conclusion

Uroz-Torres
et al, 200968

Group 1: glide path using size 8, 10, and 15
K-files followed by Mtwo rotary

Group 2: no glide path
Canal curvature: 25o–44o and 45o–76o

(mesiobuccal root canal in mandibular
molars)

2D digital radiography Manual glide path before Mtwo did not
influence the apical transportation in
curved root canals.

De Oliveira Alves
et al, 201264

Group 1: glide path using size 10, 15, and
20 K-files

Group 2: PathFiles
Group 3: MTwo rotary (10, 15, 20)
Canal curvature: 25o–35o (mesial root

canals in mandibular molars)

2D digital radiography Neither the manual instruments nor the
PathFile or Mtwo rotary instruments used
to create a glide path had any influence
on the occurrence of apical
transportation or produced any canal
aberration.

Pasqualini
et al, 201258

Group 1: glide path using size 8, 10, 12, 15,
17, and 20 K-files

Group 2: PathFile rotary
Canal curvature: moderate (�35o) or severe

(�40o) (mesiobuccal 1 and distobuccal
canals in maxillary molars)

Micro-CT imaging PathFile instruments preserve the original
canal anatomy and cause less canal
aberrations compared with K-files.

D’Amario
et al, 201363

Group 1: G-File rotary
Group 2: PathFile rotary
Group 3: size 10, 15, and 20 K-type files
Canal curvature: moderate (25o–35o)

(mesial canals in mandibular molars)

2D digital radiography The G-File, PathFile, and K-files did not
have any influence on the occurrence of
apical transportation nor did they
produce a change in the angle of canal
curvature.

Dhingra and
Manchanda,
201475

Group 1: PathFiles
Group 2: V-Glide Path 2
Canal curvature: (20o–30o) (mesial canals in

mandibular molars)

CBCT imaging PathFiles resulted in more centric ability in
mesial canals compared with V-Glide
Path 2 files.

Elnaghy and
Elsaka, 201465

Group 1: ProTaper Next
Group 2: ProGlider/ProTaper Next
Group 3: PathFile/ProTaper Next
Canal curvature: (25o–35o) (mesiobuccal

canals in mandibular molars)

CBCT imaging No significant difference regarding the
volume of removed dentin and centering
ratio. At 3- and 5-mm levels, the
ProGlider/ProTaper Next group showed
a significantly lower mean transportation
value (no significant difference at 7 mm).
The ProGlider/ProTaper Next
instrumentation method revealed better
performance with fewer canal
aberrations when compared with
instrumentation performed with PathFile/
ProTaper Next or ProTaper Next only.

Zanette
et al, 201469

Group 1: PathFile/ProTaper Universal F3, 4
Group 2: ProTaper F3, 4
Canal curvature: (20o–35o) (mesiobuccal

canals in maxillary molars)

2D digital radiography The use of the PathFile system before root
canal preparation did not influence apical
transportation but was associated with
greater remaining dentin thickness at 2
and 3 mm from the apex.

Dhingra
et al, 201566

Group 1: PathFile/WaveOne reciprocation
Group 2: WaveOne
Canal curvature: (20o–30o) (mesial canals of

mandibular molars)

CBCT imaging The application of PathFile before
WaveOne improves the centric ability
with lesser transportation in addition to
increased cross-sectional area and more
residual dentin thickness. However, it
increases the difference of root canal
curvature.

Pasqualini
et al, 201576

Group 1: ProGlider/ProTaper Next
Group 2: ScoutRace/Bio-Race
Canal curvature: (25o–40o) (mesiobuccal

canals of maxillary molars)

Micro-CT imaging Neither system produced significant
shaping errors in curved canals.
ProGlider/ProTaper Next showed better
preservation of canal anatomy (more
centering ability).

T€urker and
Uzuno�glu, 201570

Group 1: size 10, 15, and 20 K-files/
ProTaper Next

Group 2: PathFile/ProTaper Next
Group 3: ProGlider/ProTaper Next
Group 4: ProTaper Next alone
Canal curvature: (25o–35o) (mesial canals of

mandibular molars)

2D digital radiography The ProTaper Next system maintained root
canal curvature well either with
pathfinding files or alone. Apical
transportation between groups was
insignificant. However, 2 files were
fractured in the ProTaper Next group.
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TABLE 1 - Continued

Author(s), year Comparison Methods for evaluation Conclusion

Kirchhoff
et al, 201593

Group 1: ProGlider
Group 2: PathFile
Canal curvature: (average of 34o) (mesial

canals of mandibular molars)

Micro-CT imaging Similar apical transportation and volume
increase occurred in both groups.

de Carvalho
et al, 201567

Group 1: size 10 and 15 K-files/Reciproc
Group 2: PathFile/Reciproc
Group 3: Reciproc
Group 4: no preparation
Canal curvature: (20o–30o) (mesial canals of

mandibular molars)

CBCT imaging The different glide path techniques
promoted minimal apical transportation,
and the reciprocating single-file system
tested remained relatively centralized
within the root canal.

Hoppe
et al, 201671

Group 1: ProTaper Universal
Group 2: WaveOne
Group 3: PathFile/SX ProTaper/WaveOne
Canal curvature: (20o–40o) (mesial canals of

mandibular molars)

CBCT imaging WaveOne was capable to provide similar
transportation and centering ability when
compared with ProTaper and combined
glide path/rotary/WaveOne in curved
canals.

Coelho
et al, 201672

Group 1: size 10, 15, and 20 K-files/
WaveOne

Group 2: WaveOne
Group 3: size 10, 15, and 20 K-files/

Reciproc
Group 4: Reciproc
Canal curvature: (25o–39o) (mesial canals of

mandibular molars)

2D digital radiography Glide path had no influence on the
centering ability of these systems.

Paleker and
van der Vyver,
201659

Group 1: size 10, 15, and 20 K-files
Group 2: ProGlider
Group 3: G-Files
Canal curvature: (25o–30o) (mesial canals of

mandibular molars)

Micro-CT imaging The centering ability of the ProGlider file
was favorable at all 3 levels examined
within the instrumented root canals.
Overall, apical canal transportation
values were more favorable in the NiTi
rotary glide path file groups. The
ProGlider file and G-Files produced
statistically similar apical canal
transportation values in all directions.

Alovisi
et al, 201794

Group 1: size 10, 15, and 20 K-files/
ProTaper Next

Group 2: ProGlider/ProTaper Next
Group 3: PathFiles/ProTaper Next
Canal curvature: (25o–40o) (first

mesiobuccal canals of maxillary molars)

Micro-CT imaging The ProGlider appears suitable for glide
path management because it was
associated with less canal transportation
after shaping procedures with ProTaper
Next.

Camargo
et al, 201974

Group 1: Reciproc (25/0.08)
Group 2: Prodesign R (25/0.06)
Group 3: Mtwo (25/0.06)
Canal curvature: (10o–20o) (2 separate

canals in the mesiobuccal root of
maxillary molars)

Micro-CT imaging All NiTi systems had similar canal
transportation, centering ability, and
increased apical volume after
preparation of second mesiobuccal
canals. However, the ProDesign R taper
had less volume of dentin removal and
absence of root canal perforation and
required a longer time to accomplish root
canal preparation.

Vorster
et al, 201862

Group 1: precurved #10, 15, and 20K-files/
WaveOne Gold

Group 2: a #10 K-file followed by PathFiles
#1–3/WaveOne Gold

Group 3: a #10 K-file followed by the
WaveOne Gold Glider/WaveOne Gold

Group 4: WaveOne Gold with no glide path
preparation

Canal curvature: (25o–35o) (mesiobuccal
canals of mandibular molars)

Micro-CT imaging The K-file groups showed the highest mean
transportation values during glide path
preparation. However, WaveOne Gold
performance regarding centering ability
and transportation was not influenced by
the different glide path/no glide path
preparation groups.

Zheng
et al, 201873

Group 1: K-files/WaveOne
Group 2: PathFile/WaveOne
Group 3: ProGlider/WaveOne
Canal curvature: (25o–40o) (2 separate

canals in mandibular first molars)

Micro-CT imaging Compared with the PathFiles and K-files,
the ProGlider file combined with the
WaveOne file showed reduced canal
transportation and working time.
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TABLE 1 - Continued

Author(s), year Comparison Methods for evaluation Conclusion

van der Vyver
et al, 201960

Group 1: precurved size 10, 15, and 20
K-files

Group 2: size 10 K-file followed by One-G
(MicroMega, Besançon, France)

Group 3: size 10 K-file followed by
ProGlider

Canal curvature: (25o–35o) (2 separate
mesiobuccal canals in maxillary first
molars)

Micro-CT imaging One-G and ProGlider were significantly
more centered at the apical, midroot,
and coronal levels than K-files. Apical
canal transportation ratio values after
glide path enlargement were significantly
higher for K-files than for One-G and
ProGlider. All groups resulted in similar
canal volume changes.

van der Vyver
et al, 201961

Group 1: K-files
Group 2: One-G files
Group 3: ProGlider
Specimens of each glide path group were

further divided into 3 groups (ProTaper
Next, OneShape, and WaveOne Gold).

Canal curvature: (25o–35o) (mesiobuccal
canals in maxillary first molars)

Micro-CT imaging WaveOne Gold combined with ProGlider
showed better root canal shaping ability
and removed less dentin from the canal
walls. The OneShape and ProTaper Next
instruments used in combination with
K-files significantly transported more
canals. ProTaper Next removed themost
dentine from the canal walls regardless of
the glide path preparation technique.

2D, 2-dimensional; CBCT, cone-beam computed tomographic; Micro-CT, micro–computed tomographic.
after SS file size 10 is used up to the WL, and 
they only perform a pre-enlargement of the 
root canal to facilitate the use of the shaping 
files. Apparently, an evidence-based guideline 
is needed to revise and define the basic 
concepts of negotiation, glide path, and 
preflaring procedures regarding the current 
advancements in NiTi instruments and 
kinematics. It seems more appropriate to 
categorize such clinical steps separately or 
combined based on the objectives of a given 
instrumentation procedure (ie, performing a 
glide path and preflaring separately or 
simultaneously).

Experimental and Clinical Reports 
Glide Path Preparation

Centering Ability and Canal 
Transportation. Numerous studies 
compared the centering ability, transportation, 
and ability to maintain the canal anatomy using 
different hand and rotary glide path files using 
various methodological procedures (ie, 2-
dimensional digital radiography, cone-beam 
computed tomographic imaging, and micro–
computed tomographic imaging). Table 1 
provides the details of the glide path studies 
included in this systematic review.

Several studies showed that the use of 
rotary glide path files preserved the original canal 
anatomy and caused less canal aberrations and 
transportations compared with the use of K-
files58–62. However, other studies found that 
glide path preparation failed to prevent the 
occurrence of apical transportation in curved 
canals63,64. Notably, these 2 studies63,64 used 
2-dimensional digital radiography in comparison 
with micro–computed tomographic imaging in 
previous studies58,59. Studies reported
comparable results between different rotary
glide path files, as shown in Table 1.

The literature shows controversial
results in regard to the effect of glide path files
on the shaping properties of NiTi systems
(Table 1). Several studies showed that hand or
rotary glide path files enhanced centering
ability and thus reduced the transportation of
rotary and reciprocating shaping file
systems65–67. However, other studies did not
support these findings68–72. A recent study
showed that mechanical glide path preparation
with ProGlider (Dentsply Sirona, York, PA) and
PathFile (Dentsply Sirona) rotary systems
followed by WaveOne (Dentsply Sirona)
showed significantly less canal transportation
than the use of K-files followed by the same
system73. Another study compared the
centering ability and transportation of Reciproc
(R25; VDW, Munich, Germany) and Mtwo (25/
.06, VDW) without a previous glide path
preparation with Prodesign R (25/.06; Easy,
Belo Horizonte, Brazil) with the previous use of
PathFile in mesiobuccal canals of maxillary
molars74. Results showed that all systems had
similar canal transportation, centering ability,
and increase of canal volume after preparation.
However, root perforations were observed in
the Reciproc and Mtwo groups. One study
showed that PathFiles resulted in more centric
ability in mesial canals compared with V-Glide
Path 2 files (SS White, Lakewood, NJ)75.
Pasqualini et al76 showed neither systems
(ProGlider/ProTaper Next [Dentsply Sirona]
and ScoutRace/Bio-Race [FKG Dentaire, La
Chaux-de-Fonds, Switzerland]) produced
significant shaping errors in curved canals.

The use of different hand and rotary
glide path file systems in tooth types with
different canal curvatures analyzed using
different diagnostic tools makes reliable
comparisons between studies impossible.
Therefore, a meta-analysis was performed to
estimate the pooled standardized mean
difference (SMD) using a random effects
model. The SMD below 0 interpreted as the
intervention (automated instrumentation) has
less transportation compared with the control
(hand instrumentation). Heterogeneity was
found to be significantly present when the I2

statistic was more than 50%. Publication bias
was not assessed because fewer studies were
included. Figures 2–5 show results of the
meta-analysis. Results showed that the use of
glide path preparation significantly reduces
canal transportation (P , .05). However,
automated glide path preparation produces
significantly less canal transportation
compared with hand glide path preparation,
especially in the apical and middle thirds of the
root (P , .05).

Apical Extrusion of Debris and
Bacteria. Extruded debris from the apical
foramen may contain microorganisms, dentin
particles, and necrotic pulp tissue remnants,
which may trigger inflammatory responses in
the periapical area and subsequent
postoperative pain and swelling77.
Researchers found that creating a glide path
preparation using the PathFile reduced the
apically extruded debris when OneShape
(MicroMega, Besançon, France) and
WaveOne files were used in mandibular
incisors78. Topçuo�glu et al79 showed that a
previous glide path with the PathFile before
root canal shaping with Reciproc, OneShape,
and WaveOne files in the mesial canals of
mandibular molars tends to decrease the
7



FIGURE 2 – Meta-analyses comparing hand with automated glide path preparation using 3 dimensional imaging. Automated instrumentation showed significantly less transportation
compared with hand instrumentation in the apical (SMD521.01; 95% confidence interval [CI],21.56 to20.46) and middle thirds (SMD520.83; 95% CI,21.42 to20.25),
whereas no difference was observed in the coronal third (SMD 5 20.24; 95% CI, 20.55 to 0.08) using micro–computed tomographic imaging (micro-CT).
amount of debris extrusion. Investigators
found that creating a glide path using NiTi
rotary files in mandibular incisors produced
less amount of debris extrusion compared with
using manual SS files77. Dagna et al80

compared the influence of using manual K-files
and 4 types of NiTi rotary glide path systems
(PathFiles, G-Files (Micro-Mega, Besançon,
France), ProGlider, and One G [MicroMega])
on the amount of bacteria extruded. Results
showed that K-files were more susceptible to
extrude bacteria compared with the 4 glide
path systems, which is similar to the results
obtained by 2 recent studies73,81. Using rotary
glide path files before the Self-Adjusting File
(ReDent Nova, Ra’annana, Israel) also showed
favorable results82.

As per previous discussion, establishing
the glide path using NiTi rotary instruments
before root canal shaping significantly reduces
8

the apical extrusion of debris and
microorganisms compared with manual glide
path preparations. However, it should be
pointed out that postoperative pain, which
usually results from periapical extrusion of
debris, also depends on the patient’s immune
response as well as the virulence of the
microorganisms extruded into the periapical
tissues83.
Root Dentin Defects. The literature shows
controversies with the development of dentinal
microcracks with various instrumentation
procedures84,85. One study revealed that no
significant difference occurred in the incidence
of dentinal defects in severely curved root
canals when instrumented by a Reciproc
single-file system with or without prior creation
of a glide path86. T€urker and Uzuno�glu87

showed that creating a glide path with the
ProGlider before shaping the canals with the
ProTaper Next did not affect dentinal
microcrack formation, which is in accordance
with a recent study88. Similarly, a study by
Topçuo�glu et al89 revealed that no difference in
crack propagation was observed with or
without the creation of a glide path with the
PathFile. Kfir et al90 showed no significant
differences regarding the presence of
microcracks between the glide path created by
2 systems (Pre-SAF rotary [ReDent Nova] or
ProFile). Based on findings from available
studies and after considering their important
limitations, glide path preparations do not
impact dentinal microcrack formation in root
canals prepared with rotary or reciprocating
instruments. Notably, in a recent in situ
cadaveric model, De-Deus et al91 proved the
lack of preexisting dentinal microcracks in
nonendodontically treated teeth. Furthermore,
it was shown that dentinal microcracks



FIGURE 3 – Meta-analyses comparing hand with automated glide path preparation using 2 dimensional (2D) imaging. Automated glide path preparation showed significantly less
transportation compared with hand glide path preparation in the apical third (SMD 5 20.45; 95% CI, 20.78 to 20.11) when assessed using 2D diagnostic technique.
observed in stored extracted teeth subjected 
to root canal procedures are, in fact, a result of 
the extraction process and/or the 
postextraction storage conditions.

ST and GPT. Reducing the ST enables 
clinicians to spend extra time to renew sodium 
hypochlorite and to use activation techniques 
to enhance cleaning and disinfection8. Several 
works have investigated the impact of creating 
a prior glide path on the ST. Uroz-Torres et al68 

found no significant difference in the ST when 
Mtwo instruments were used with or without a 
manual glide path (#08-15, K-files). Another 
study showed that the application of glide path 
files decreased the ST of OneShape and 
WaveOne files78. Coelho et al72 reported that a 
manual glide path using K-files increased the 
total ST in curved canals with WaveOne and 
Reciproc instruments. One study found that 
ST using WaveOne was reduced compared 
with the use of ProTaper Universal (Dentsply 
Sirona) and a hybrid technique (PathFile and 
SX ProTaper Universal followed by 
WaveOne)71.

Other investigations have evaluated 
GPT using different systems. Two studies 
showed that the glide path was created faster 
using rotary (ProGlider) and reciprocating
(WaveOne Gold Glider [Dentsply Sirona]) 
instruments compared with the use of SS 
manual K-files92,93. Paleker and van der 
Vyver92 found no significant difference in GPT
between 2 rotary systems (ProGlider and G-
Files), whereas 2 studies93,94 found that
ProGlider required less GPT than the PathFile.
Vorster et al95 showed that reciprocating glide
path instruments (WaveOne Gold Glider)
provided faster GPT compared with the rotary
PathFile system (the time taken to change the
instruments was not considered in this study).
Overall, using a single-file glide path system
resulted in less GPT compared with multiple
glide path file systems. Evidently, the use of
automated instruments, rotary or
reciprocating, for glide path procedures
decreased GPT compared with the use of
manual K-files.

Instrument Fracture and Surface
Defects. Instrument separation occurs
because of cracks initiating from areas with
high stress or surface irregularities96. One
study found that using SS hand files for
creating a manual glide path in curved canals
decreased the occurrence of NiTi rotary file
separation32. However, this finding was
contradicted by a number of studies that
showed that glide path preparation had no
impact on the surface topography or fracture
rate of reciprocating and rotary files97–99 or the
cyclic fatigue resistance of Reciproc and
Reciproc Blue (VDW)100. One study showed
that SS K-files are more prone to surface
defects compared with PathFiles96. A recent
study showed that PathFile rotary files and
ProGlider files had no effect on the peak torque
and force of ProTaper Gold rotary files
(Dentsply Sirona) when used in narrow mesial
canals in mandibular molars101. Notably, glide
path files may develop various peak torques
and forces during glide path preparation
because of different flute diameters along their
length102.

Clinical Trials. Postoperative pain is a
common problem faced by dental
practitioners and affects the quality of life of
patients. The incidence of pain after
endodontic treatment ranges from 3%–

58%103. Pasqualini et al104 showed that a
glide path using rotary files reduced
postoperative pain incidence and analgesic
prescription compared with a manual glide
path using SS K-files. This finding may be
attributed to several factors, such as less
apical extrusion of debris, better dentinal
debris removal, and a lower number of
instruments used compared with a manual
glide path. A recent randomized clinical trial
compared the intensity and incidence of
postoperative pain after glide path preparation
with manual (SS K-files), continuous rotary
(ProGlider), and reciprocating (R-Pilot, VDW)
glide path instruments in teeth scheduled for
single-visit root canal treatment using the
ProTaper Next rotary system followed by the
cold lateral compaction technique105. Results
showed that preparation of a glide path with
9



FIGURE 4 – Meta-analyses comparing Ni Ti instrumentation with and without glide path preparation. Glide path preparation showed significantly less transportation compared with
instrumentation without glide path preparation (SMD520.65; 95% CI,21.06 to20.25), middle third (SMD521.00; 95% CI,21.40 to20.61), and coronal third level (SMD5
20.53; 95% CI, 21.07 to 20.00) using the 3-dimensional diagnostic method, but the difference is not statistically significant.
rotating or reciprocating instruments was
associated with less postoperative pain levels
and incidence compared with manual glide
path preparation with no significant difference
between rotating and reciprocating
instruments.

Negotiability of Root Canals by Single-File
Systems. Several studies have examined the
ability of file systems to negotiate root canals
and reach the WL7,106,107. De-Deus et al106

showed that Reciproc R25 (VDW) can reach
the WL in mandibular molars without prior
glide path creation. Notably, Reciproc
instrumentation reached the full WL in 93.4%
of root canals without glide path preparation
(90.7% and 96.4% of curved and straight
canals, respectively). A similar ex vivo study
showed that the vast majority of curved
canals can be prepared using Reciproc and
Reciproc Blue R25 instruments without glide
path preparation107. Furthermore, a manual or
automated glide path preparation was not
10
associated with an improvement in the ability
of the tested systems to reach the full WL.
Another clinical study examined the ability of
Reciproc R25 to negotiate and reach the WL
in second mesiobuccal canals in maxillary
molars compared with conventional hand file
negotiation7. Results showed that R25 was
notably more effective than hand files and
reached the WL in approximately 86% of
cases compared with 57% for hand files. This
finding might be attributed to the kinematics
and cross section of the instrument108 and
the flexibility of the R25 M-Wire alloy and its
high cutting efficiency109–111. Another study
showed the ability of Reciproc to reach the
WL in primary and retreatment cases without
glide path preparation112, reporting that
95.6% of root canals could be prepared to the
full WL and that a creation of the glide path
may have no impact on the Reciproc files in
reaching the WL. In the previously mentioned
studies, after reaching approximately two thirds
of the canal with a Reciproc R25 file without
any previous hand filing, the authors followed
the manufacturer’s recommendation by
introducing a size 10 hand file passively in the
canal with a watch-winding motion with the
purpose of determining the WL. De-Deus
et al106 showed that further use of the R25
instrument was also able to reach the WL in
67.3% of the root canals in which the size 10
hand file was unable to gently advance to the
WL after coronal and middle third preparation.
This finding also supported the scouting ability
of this instrument even in nonnegotiable
canals.
Preflaring

Apical File Size Determination. Adequate
apical preparation of the root canals plays
a key role on the outcome of root canal
treatment113. Apical enlargement is
implemented after evaluation of the apical



FIGURE 5 – Meta-analyses comparing glide path preparation followed by the same system. Automated instrumentation showed significantly less transportation compared with hand
instrumentation in the apical (SMD520.67; 95% CI,20.95 to20.40), middle (SMD520.72; 95% CI,21.07 to20.37), and coronal thirds (SMD520.34; 95% CI,20.50 to
20.17).
constriction diameter. The initial apical file 
(first binding file) size is determined by 
tactile sense of the apical constriction 
through the sequential insertion of 
instruments (from small such as K-file size 
10 to larger) to the WL until binding 
occurs114. This procedure can be properly 
performed only after shaping the coronal 
and middle third using the crown-down 
technique. Otherwise, the coronal canal 
dentin can prevent the instrument from 
reaching the full WL, which might result in a 
ledge115. The, apical diameter  
determination may also become inaccurate 
because of a false tactile  sense of the  
apical constriction116.

Stabholz et al117 showed that coronal 
preflaring enhances the determination of the
apical constriction by tactile sensation.
Investigators showed that coronal and middle
preflaring of the canals influences the apical
sizing by K-files and Lightspeed instruments
(Lightspeed Technology Inc, San Antonio,
TX)35. Two studies showed that canals
preflared coronally with LA Axxess burs
(SybronEndo, Glendora, CA) resulted in a more
accurate binding of the files to the anatomic
diameter compared with the use of GG drills,
K3 Orifice Openers (Kerr Dental, Orange, CA),
ProTaper instruments, and no flaring in
maxillary molars118 and premolars119. Similar
results have been reported in other
studies116,120–122. Tennert et al115 found that
mesiobuccal canals in maxillary molars
preflared coronally with RaCe instruments
(FKG Dentaire, La-Cheaux-de-Fonds,
Switzerland) showed minimum discrepancy
between the apical root canal diameter and the
initial apical file diameter followed by ProTaper
and FlexMaster (VDW). In mandibular molars,
preflaring with LA Axxess burs produced
minimal discrepancies followed by EndoFlare
instruments (MicroMega), GG drills, and
ProTaper files. No statistically significant
differences were found among various rotary
instruments in another study123. Another
investigation showed that coronal preflaring
with RaCe instruments led to an accurate
determination of the initial apical file followed by
ProTaper, Galaxy files (Plastic endo,
Lincolnshire, IL), and GG drills124. Overall,
researchers showed that coronal preflaring
related to the crown-down technique
increases the accuracy of the determination of
11



FIGURE 6 – Photographic images showing manual precurvature of SS hand files. (A–C ) The image shows the distance between the file tip and the long axis of the file after different
precurvatures of the tip with different types of precurvature. It is evident how with type C it is possible to have the coincidence of the tip with the axis of the file (in S-shaped canals). (D
and E ) Apical abrupt precurvature with different angles (elbow-like curvatures), (F ) regular apical precurvature (banana-like curvatures), and (G ) double precurvature.
the first file that binds to the WL125 and
promotes accurate apical size
determination126.

WL Determination. Several studies
examined the effect of coronal preflaring on
the accuracy of WL determination. Two
studies showed that coronal preflaring
12
increases the tactile detection of the apical
constriction117,127. Iqbal et al128 reported
more accurate WL determination in
coronally flared curved canals compared
with unflared canals. Three studies
observed that there was a change in the
WL after coronal preflaring36,129,130. An
in vivo study showed that in 72.5% of
coronally flared canals and in 27.5% of
unflared canals, the file was located within
the last apical millimeter131. Three studies
proved that coronal preflaring increased the
accuracy of WL determination with
electronic apex locators132–134. On the
contrary, only 1 study showed that coronal
preflaring did not enhance the accuracy of



FIGURE 7 – (A-D ) Root canal instrumentation of a severely curved root canal in the mesial root of an extracted mandibular molar. D-Finders sizes 8, 10, 12, and 15 followed by SILK
files (Complex Kit - file size 25/0.04) (Mani, Japan) were used for root canal shaping. The file remained centered inside the canal. (E and F )Root canal treatment of a mandibular first
molar in which the mesial and distal canals showed moderate curvatures. Negotiation and glide path preparation were performed using SS files size 08 and 10, and NiTi rotary files were
used for root canal shaping. (G and H ) Root canal treatment of a maxillary first molar with severely curved, narrow mesiobuccal and distobuccal root canals. Negotiation and glide path
preparation were performed using SS files size 08 and 10. Automated NiTi files were used to perform glide path pre-enlargement before root canal shaping with heat-treated NiTi files.
(I and J ) Root canal retreatment of a mandibular molar with moderately curved distal root canal. After removal of root canal filling materials, negotiation and glide path preparation were
performed using SS hand files sizes 8-10, followed by automated NiTi files (K and L ) Root canal retreatment of a severely curved mesio-buccal and disto-buccal roots in a maxillary first
molar. After removal of root canal filling materials, SS hand files sizes 8-10 followed by automated NiTi files were used.
electronic measurements in human incisor 
and canine teeth, which usually do not have 
narrow coronal orifices and/or curved 
canals135. Overall, preflaring the coronal
third of root canals greatly improves the
tactile sense to the apical constriction and
increases the accuracy of WL
determination.
Root Dentin Defects. Dentinal microcracks
created by root canal shaping have been
strongly overestimated because of
methodology issues in numerous studies,
13



especially the use of the sectioning
technique136,137. Although the clinical
relevance of these studies remains debatable,
root canal shaping results in stress
concentration138,139, which may become
transmitted toward the canal walls and result in
crack propagation, thus leading to vertical root
fractures140. Arslan et al139 showed that GG
drills led to increased incidence of dentinal
microcracks compared with ProTaper
Universal (SX), EndoFlare, Revo-S
(MicroMega), and HyFlex (Coltene, Langenau,
Germany), which were similar to the control
group (left unprepared). Borges et al141

compared the instrumentation of several
systems (Reciproc, WaveOne, ProTaper
Universal, ProTaper Next, ProFiles, and K-files
driven by an oscillatory system) with and
without coronal preflaring. Results showed
that coronal preflaring reduced the incidence
of root dentin defects under stereomicroscopic
observation. Based on the above, the benefit
of coronal preflaring to reduce root dentin
defects triggered by root canal preparation
remains unclear.

Root Dentin Thickness. Excessive removal
of dentin after coronal flaring may result in
perforation and treatment failure47,142.
Investigators showed that GG removed
substantially more dentin compared with
M-series canal openers (Caulk Dentsply,
Milford, DE)47. Notably, the use of GG drills
in mandibular molars may result in
perforations; the application of anticurvature
pressure did not reduce the risk143. This
finding could be attributed to different file
designs (cross section, size, and taper)
among the instruments used in comparison
with GG burs. Homayoon et al144 compared
GG, K3, ProTaper, FlexMaster, and RaCe
instruments in removing dentin during
coronal flaring at 1.5 and 3 mm distances
from the furcation zone toward the apex
using cone-beam computed tomographic
imaging. Results showed no differences
among the instruments at 1.5 mm, whereas
a notable difference was observed at 3 mm
between the FlexMaster and GG
instruments. Akhlaghi et al45 showed no
significant difference in minimum residual
root thickness between ProTaper, RaCe,
and GG instruments, which is in accordance
to the results of a previous study142.

Separation of Endodontic
Files. Separation of endodontic files is a
common problem faced by practitioners; it is
caused by cyclic or flexural fatigue and the
torsional stress phenomenon145. Cyclic
fatigue occurs when the instrument rotates in
the curved canal that is undertaking repeated
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compression-tension cycles145. Torsional
fatigue occurs when the tip of the instrument
binds in the root canal during rotation,
thereby leading to fracture145. A prospective
clinical study showed that preflaring with
manual files and GG drills followed by
instrumentation with the Mtwo system
resulted in a lower incidence of file
separation43. Likewise, 2 in vitro studies
showed that preflaring decreased the risk of
file separation34,146. Overall, preflaring
(including coronal preflaring) decreases the
chances for rotary files separation by
reducing the surface area for contact of the
instrument with the dentin walls. Preflaring
may also have an important role in single-file
systems because it may facilitate the
penetration of the shaping file and prevent
coronal binding146.

Transportation and Canal Cleanliness. A
study investigated the effect of coronal
preflaring on apical canal transportation when
balanced force instrumentation was used in
curved canals147. Results showed that
despite coronal preflaring facilitated the
instrumentation procedure, significant
differences were not found. Heard and
Walton148 showed no difference in terms of
canal cleanliness when instrumentation was
performed with the step back technique with
or without coronal preflaring. Sinan et al149

showed that coronal preflaring instruments
(Quantec Flare LX [Tycom Dental, Irvine, CA]
or EndoFlare) remained centered with no
significant differences. Another study found
that canals prepared with Reciproc and
WaveOne with or without coronal preflaring
showed no significant differences for apical
canal transportation150. Investigators
compared canals prepared with a ProTaper
Universal system, WaveOne, and a hybrid
technique on the association of reciprocating
preparation to rotary glide path and cervical
pre-enlargement71. No significant differences
were found on the canal transportation and
centering ability. According to this discussion,
coronal preflaring does not have an impact on
apical transportation.

Apical Extrusion of Debris. The amount of
extrusion may vary according to instrument
design, instrumentation technique, number of
files used, apical size of the preparation, and
kinematics151. Topçuo�glu et al152 showed that
coronal preflaring followed by instrumentation
with Reciproc and WaveOne systems resulted
in less extrusion of debris compared with using
them without preflaring, whereas root canal
shaping with OneShape after preflaring did not
affect the amount of debris extrusion. Borges
et al153 showed that coronal preflaring reduced
the amount of debris extrusion when Reciproc,
WaveOne, ProTaper Universal, ProTaper Next,
ProFile, and K-files were used for
instrumentation. The coronal canal space
created by the preflaring procedure acted as a
reservoir for the irrigant to coronally flush the
debris resulting from root canal preparation,
which minimized their extrusion beyond the
apical foramen.
Clinical Considerations
Negotiable Root Canals
Negotiable root canals are those in which the
instruments can easily reach the WL. Such
canals are typically wide and straight or with
minimal curvatures. If the clinician has to exert
clockwise/counterclockwise watch-winding
movements using a size 10 K-file to reach the
WL, then the canal is narrow but can be
negotiated sufficiently up to the apical
foramen. When clinicians deal with canals with
the previously mentioned characteristics, the
shaping files can be used immediately after
canal negotiation (and glide path files if
needed)8,49. Automated file systems that limit
the use of hand SS files can be advantageous
to reduce the risk of iatrogenic errors related to
SS file stiffness.

Root Canals with Difficult
Negotiation
If it is difficult to initially negotiate the canal
using a size 10 K-file, then it can be defined as
a challenging root canal. The following criteria
describe the characteristics of such canals.

Canals with Difficult Coronal
Negotiation. Several cases show a
resistance to negotiation in the coronal third of
the root. A second mesiobuccal canal in the
mesiobuccal root of maxillary molars is a
typical example of such cases25,154,155. The
second mesiobuccal canal orifice is typically
covered by a dentin shelf that, if not removed, it
will guide the path of the hand instruments
used for initial negotiation in a horizontal mesial
direction. The problem encountered for
scouting such canals is the abrupt curvature of
the first 2–3 mm of the canal in a distal
direction156. For this reason, when clinicians
perform manual scouting with rigid hand SS
files, the tip is guided by the shelf of dentin that
covers the canal orifice toward the mesial wall
of the canal. At this point, a small ledge or
irregularity may be created, thus impairing
further negotiability of such canals.

The early removal of this dentin shelf is
the key for obtaining straight-line access to the
canal. The removal of this dentin shelf with
high- or low-speed burs or with ultrasonic tips
may be difficult and time-consuming and may



result in unnecessary cutting of the sound 
cervical dentin. For this step, the clinician may 
take advantage of the initial use of mechanical 
NiTi files instead of manual SS files. An NiTi 
instrument, given its flexibility and cutting 
ability, can proceed gently over the first coronal 
curvature, selectively straighten this portion of 
the root canal, and create an ideal pathway for 
the same instrument to proceed apically. A 
reciprocating NiTi single file with high flexibility 
and cutting ability may be beneficial7,8,106 

because reciprocating instruments may not 
require a glide path or early coronal 
enlargement because the risk of torsional 
fracture is minimized8,20. This movement also 
avoids locking of the tip that cannot rotate for a 
greater angle with respect to the limit of 
fracture by torsion.

Narrow Canals with Regular 
Curvatures. In narrow canals with regular 
curvatures in which an size 10 K-file presents 
difficulties in negotiation and does not advance 
with gentle clockwise/counterclockwise 
watch-winding movements, the clinician 
should pay extra attention to avoid creating 
potential mishaps. A size 10 SS K-file, even if 
small, is relatively rigid and if forced into the 
canal may easily create a ledge or break inside 
the canal. For this reason, a size 08 K-file can 
be used following the same procedures 
described previously. The file will then advance 
to the apical foramen, and a limited pre-
enlargement can be achieved. The clinician will 
then be able to reach the WL with the size 10 
K-file. If the clinician finds difficulty even with 
the size 08 K-file, the use of a size 06 K-file may 
be necessary, and the same procedures 
undertaken previously can be repeated up to 
K-file size 10.

Canals with Abrupt Apical Canal 
Curvatures. When a root canal shows an 
abrupt or severe apical canal curvature, the 
clinician should never force SS hand 
instruments because even a small 
alteration of the original canal anatomy may 
render proper scouting difficult or even 
impossible. Precurving the tip of the file is 
a strategy that can be used for such 
canals (Fig. 6A–C). The clinician should 
precurve 1–2 mm of the  file tip with a 
sharp bend (60�–90�) (Fig. 6D–G). The 
main challenge in such cases is to bring 
this instrument to the apical third without 
losing this prebending on its way inside the 
root canal. To achieve this, a crown-down 
preparation technique is recommended 
slightly coronal to the apical point in which 
manual scouting is successful. This 
procedure aims to remove dentin that
narrows the canal lumen and provide
sufficient space for the prebent file to reach
the apical third, thereby maintaining the
prebending. When performing this
technique, reducing the scouting length to
1 mm is recommended to prevent the risk
of a ledge. Furthermore, frequent and
thorough irrigation with sodium
hypochlorite and chelating agents is
strongly recommended to lubricate the
scouting file and to avoid debris
accumulation into the apical area, thus
creating additional challenges to
subsequent scouting attempts. The coronal
space created in the preflaring phase will
also enable the clinician to direct the bent
tip of the file with different inclinations to
search for the direction of the apical
curvature.

In general, it is recommended to begin
these procedures with a size 08 K-file. If
unsuccessful during the initial scouting
attempts, then the clinician should continue
using a size 06 K-file. Using quarter-turn
movements, the clinician will be able to orient
the precurved file in different directions until
identifying the position of the apical curve and,
finally, negotiate the canal. At this point, the
clinician should not withdraw the instrument
out of the canal because it may be difficult to
reach the apical foramen again. The operator
has to maintain the instrument at the WL and
perform watch-winding movements with
minimal apicocoronal vertical movements.
These movements aim to slightly achieve
patency to the abrupt apical canal curvature.
Noting the direction of the apical curvature
using the landmark on the silicone stopper is
also helpful.

The clinician may take advantage of the
initial use of an NiTi file for root canal
preparation instead of manual SS files. A small
reciprocating instrument with high flexibility
and cutting ability may be beneficial157,158

given the fact that the risk of torsional fracture
is minimized8,20. The risk of fracture by fatigue
is also minimized by the small size, the design
of the file, and the movement157,158.

Figure 7A-L shows the root canal
management of mandibular and maxillary
molar teeth with various canal curvatures.

Nonnegotiable Apical Canal
Anatomy. Despite technological
advancements and continuous improvements
in alloys and file movements and clinical skills,
a few extremely challenging canals occur in
which the scouting of the apical 1–2 mm may
be impossible because of irregularities in the
apical third and complex anatomy. Such
cases may require a slightly different
approach by focusing more on the chemical
component of the root canal treatment
procedures to remove the organic and
inorganic contents from the untreated part of
the root canal159.
A Need for Consistent Reporting for
Glide Path and Preflaring
Procedures
To prevent confusion, this systematic review
categorized studies based on their objectives
and maintained the original consideration of
glide path files. It is obvious that most of the
previous studies investigating the effects of
glide path procedures were designed
according to the manufacturers’
recommendations. Therefore, less attention
was given to the original basic concepts of
glide path preparation and whether these
systems fulfilled these concepts or not. The
terminology used for these files can be
confusing and remains debatable. This
semantic controversy is not only because of
marketing perspectives but also a result of
various glide path systems and shaping
protocols used by clinicians. Indeed, as
mentioned previously, most of the rotating/
reciprocating instruments commonly marketed
as “glide path files” or “pathfinding systems”
are in reality “preflaring files” because most of
the time, a prior manual glide path would be
established before their use. On the contrary,
as it was mentioned in this systematic review,
some clinicians and manufacturers consider
the canal negotiation and glide path
procedures as optional before root canal
shaping.

The authors believe that automated NiTi
file systems that require a preliminary glide
path with hand files up to size 10 or more have
to be considered and named as “preflaring
files” because they are only used for glide path
enlargement. Current limitations of instruments
present in the market underline the need for
the introduction of new systems that may help
the clinician to solve the most difficult cases
described earlier, especially when a manual
glide path is difficult or even impossible to
establish.

As discussed earlier, it seems
inappropriate to compare the SS K-files used
for glide path preparation with those automated
files with larger sizes/tapers because the latter
may not fulfill the basic concept of glide path
preparation. It is also strongly recommended
that manufacturers consider the appropriate
commercial name of a given file consistent with
its clinical use (such as the inclusion of the word
“glide, etc” in the file name if the file is used for
glide path preparation). This would prevent
15



confusion and misinterpretation of the
purposes of such files.

CONCLUSIONS

The following conclusions can be drawn:

� An evidence-based guideline is needed to
define and correlate the basic concepts
and current applications of each step
regarding contemporary advancements in
root canal instruments.

� The use of glide path preparation
significantly reduces canal transportation.
Automated glide path preparation
produces significantly less canal
transportation andmore preservation of the
original canal anatomy compared with
hand glide path preparation.

� Glide path preparation reduces the risk of
debris extrusion.

� The glide path does not influence dentinal
microcrack incidence.
16
� Automated glide path preparation reduces
ST and GPT compared with the use of
manual files.

� Glide path preparation does not reduce the
incidence of instrument surface defects or
separation.

� The creation of the glide path may have
no impact on Reciproc in reaching the
full WL.

� Coronal preflaring reduces the discrepancy
between the initial apical file and the actual
diameters of the minor apical foramen,
enhances the tactile sensation of the apical
constriction, and increases the accuracy of
WL determination.

� Coronal preflaring decreases the amount of
debris extrusion beyond the apical
foramen.

� Randomized clinical trials are required to
evaluate the effect of glide path and coronal
preflaring on the outcome of root canal
treatment.
� The study design of future investigations
and manufacturers should consider the
appropriate terminology for glide path and
preflaring files.
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