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Abstract

Hartmann RC, Peters OA, de Figueiredo JAP,
Rossi-Fedele G. Association of manual or engine-driven
glide path preparation with canal centring and apical
transportation: a systematic review. International Endodontic
Journal, 51, 1239-1252, 2018.

The role and effect of glide path preparation in root
canal treatment remain controversial. This systematic
review aims to compare apical transportation and
canal centring of different glide path preparation tech-
niques, with or without subsequent engine-driven root
canal preparation. A database search in PubMed,
PubMed Central, Embase, Scopus, EBSCO Dentistry &
Oral Sciences Source and Virtual Health Library was
conducted, using appropriate key words to identify the
effect of glide path preparation (or its absence) on api-
cal transportation and canal centring. An assessment
for the risk of bias in included studies was carried out.
Amongst 2146 studies, 18 satisfied the inclusion crite-
ria. Nine studies assessed glide path preparation per se,

comparing apical transportation and canal centring of
rotary systems and/or manual files; eleven further
investigations examined the efficacy of the glide path
prior to final canal preparation with different engine-
driven systems. Risk of bias and other study design
features with potential influence on study outcomes
and clinical implications were assessed. Based on the
available evidence, and within the limitation of the
studies included, preparation of a glide path using
rotary sequences performs similarly (in most of the
component studies) or significantly better than man-
ual preparation when assessing apical transportation
or canal centring. When compared to the absence of a
glide path, canal shaping following glide path prepara-
tion was of similar, or significantly better quality, in
regard to apical transportation or canal centring.
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Introduction

After canal preparation, the canal shape should ide-
ally enclose the original main canal whilst avoiding
preparation errors. Preparation errors are associated

Correspondence: Rafael Chies Hartmann, School of Den-
tistry, Pontifical Catholic University of Rio Grande do Sul,
Building 6, 6681 Ipiranga Avenue, Porto Alegre Zip Code:
90619-900, Rio Grande do Sul, Brazil. (Tel/Fax: +55 51
3320-3538; e-mail: rafaelhart@gmail.com).

© 2018 International Endodontic Journal. Published by John Wiley & Sons Ltd

with difficulties in providing adequate cleaning, irriga-
tion and filling of root canals, thus increasing the risk
of failure (Gorni & Gagliani 2004, Lin et al. 2005).
Moreover, a major shift from the original canal axis
may result in perforation and/or weakening of tooth
structure. Therefore, controlled intraradicular dentine
removal is desirable (Gulabivala & Ng 2014).

Due to the tendency of files to return to their origi-
nal shape and to cut along their entire length and
surface area (Gulabivala & Ng 2014), there is a
propensity to over prepare root canals towards the
outer curvature in the apical portion and the inner
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curve in the more coronal parts in multi-rooted teeth

(Peters 2004).

The preparation of a glide path after canal nego-
tiation with small, flexible hand files aims to pre-
vent breakage of engine-driven nickel-titanium
instruments and reduce deviations of the canals
axis, by allowing instruments to travel through the
canals passively (Elnaghy & Elsaka 2014, Dhingra
et al. 2015, Alovisi et al. 2017). There is no current
consensus in the definition of glide path. A com-
monly quoted definition is ‘a smooth radicular tun-
nel from canal orifice to physiologic terminus
(foraminal  constriction)” (West 2010). Further
remarks from the same author include ‘Its minimal
size should be a “super loose No. 10” endodontic
file’, and ‘The glide path must be discovered if
already present in the endodontic anatomy or pre-
pared if it is not present. The glide path can be
short or long, narrow or wide, essentially straight
or curved’ (West 2010).

There appears to be no alternative definition of a
glide path. Recently, several rotary nickel-titanium
files have been proposed to achieve the so-called glide
path (Berutti et al. 2009, Gergi et al. 2010, Pasqualini
et al. 2015).

The role of a glide path prior to engine-driven canal
instrumentation has been emphasized in endodontic
literature; however, basic research studies offer mixed
conclusions. Therefore, the purpose of this systematic
review was twofold:

e To compare apical transportation and centring of
different glide path preparation techniques, with or
without final canal shaping.

e To compare apical transportation and centring fol-
lowing final shaping in the presence or absence of
a glide path.

Materials and methods

Literature search strategy

A database search was conducted to find published
articles related to the creation of a glide path dur-
ing root canal preparation in the databases
PubMed, PubMed Central (PMC), Embase, Scopus,
EBSCO Dentistry & Oral Sciences Source (DOSS) and
Virtual Health Library (VHL), using a combination
of the following terms: [glide path] AND [root
canal]. The search fields were ‘Text word or all
text’ in PubMed, PMC and DOSS, whilst ‘Title,
Abstract and Keywords' in Scopus and VHL, and
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‘all fields’ in Embase. No restrictions were made
based on publication year. Final database search
was completed on the 3rd of October 2017. The
search results were imported into a computerized
database, combined and duplicated publications
were eliminated.

Inclusion criteria

The question under review was framed according to
the PICO format (Population; Intervention; Compar-
ison; Outcome): P unprepared root canals, I glide path
preparation, C alternative glide path preparation or
no glide path preparation, O apical transportation or
deviation from the canal axis in the presence or
absence of final preparation.

Studies were included in the systematic review if
they met the following criteria:

e Publication in English or in other Latin alphabets

e Human teeth

e At least one group receiving glide path prepara-
tion

e (Clinical or basic research presented

e Same nickel-titanium instrumentation used for
root canal shaping following glide path prepara-
tion, if present

e Apical transportation and/or canal centring as
outcome(s)

Articles were excluded when inclusion criteria were
not met or when they were review articles or expert
opinion. Case or clinical technique reports were also
excluded.

The reference lists of those articles included were
checked for additional articles of relevance, using the
same criteria.

Evaluation of the selected studies

Titles and abstracts of the studies were read by two
investigators (RCH, GRF) and if insufficiently clear,
the full article was read for accuracy of data gather-
ing. After initial screening of the title and abstract,
full text evaluation of the relevant articles was per-
formed to confirm eligibility against the inclusion cri-
teria. Disagreements concerning inclusion of a study
were discussed until decision was obtained by consen-
sus. Two reviewers (RCH, GRF) performed data
extraction.

The following information was extracted for each
study and recorded on a data collection sheet: author
(s), year of publication, journal, root used, root
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length, root canal curvature (assessment method and
range), sample size, imaging method, protocol of root
canal preparation, irrigation solutions and differences
amongst the groups on transportation and centring of
the root canal preparation. Authors of the included
studies were contacted for clarification and/or
requested to provide further information as needed.

Methodological quality assessment

The experimental quality of the included studies was

evaluated by two independent reviewers (RCH, GRF)

using a customized version of a previously published
risk of bias assessment tool (Tsesis et al. 2015). The
assessment included the following:

e Inclusion criteria strictness [Root canal curvature
range (Adequate: less than 10°; Unclear: between
10° and 30°; Inadequate: more than 30°)]

e Allocation concealment [Random sequence gener-
ation (Adequate: yes; Unclear: not specified; Inade-
quate: no)|

e Manual glide path comparison group (Adequate:
yes; Inadequate: no)

e A priori sample size calculation (Adequate: yes;
Unclear: not specified; Inadequate: no)

e (Canal preparation performed by the same operator
or by calibrated operators (Adequate: yes; Unclear:
not specified; Inadequate: no)

e Blinding of outcome assessment [Examiner(s) con-
cealment of allocation (Adequate: yes; Unclear: not
specified; Inadequate: no)]

e (Observer(s) reliability assessment (Adequate: yes;
Unclear: not specified; Inadequate: no)

e Attrition bias [Sample loss reported (Adequate:
yes; Unclear: not specified; Inadequate: no)]|

To summarize the validity of studies, they were
grouped into the following categories:

e TLow risk of bias (i.e. studies that met at least six of
the quality criteria)

e Moderate risk of bias (i.e. studies that met between
three and five of the quality criteria)

e High risk of bias (i.e. studies that met at less than
three of the quality criteria)

Disagreements concerning study scores were dis-
cussed until a decision was obtained by consensus.

Results

After removal of duplicates, the database search strat-
egy yielded a total of 2146 studies. Amongst the
2146 publications, 18 satisfied the inclusion criteria.

© 2018 International Endodontic Journal. Published by John Wiley & Sons Ltd

The results of the search strategy are presented in
Figure 1, as well as details and main characteristics
of the included studies (Tables 1 and 2). Amongst
these, nine compared different glide path preparation
methods per se (Alves et al. 2012, Pasqualini et al.
2012a, D'Amario et al. 2013, Dhingra & Manchanda
2014, Kirchhoff et al. 2015, Turker & Uzunoglu
2015, Berastegui et al. 2016, Paleker & van der
Vyver 2016, Alovisi et al. 2017), whilst 11 compared
glide path preparation(s) or no glide path preparation
prior to a common mechanical shaping protocol
(Uroz-Torres et al. 2009, Meireles et al. 2012, Elna-
ghy & Elsaka 2014, Zanette et al. 2014, Carvalho
et al. 2015, Dhingra et al. 2015, Ocampo et al. 2015,
Turker & Uzunoglu 2015, Amaral et al. 2016, Coelho
et al. 2016, Alovisi et al. 2017). The corresponding
authors of seven studies were contacted for clarifica-
tion (Alves et al. 2012, Pasqualini et al. 2012a, Dhin-
gra & Manchanda 2014, Carvalho et al 2015,
Dhingra et al. 2015, Turker & Uzunoglu 2015, Alo-
visi et al. 2017), with only two providing the
requested information (Carvalho et al. 2015, Alovisi
et al. 2017).

The component studies included 981 canals in
total. Of these, 471 canals were used to assess glide
path preparation per se (i.e. prior to Ni-Ti mechani-
cal instrumentation). The glide path was created
using hand files [K-files 19.75% (n = 93) (Alves et al.
2012, Pasqualini et al. 2012a, D’Amario et al. 2013,
Turker & Uzunoglu 2015, Paleker & van der Vyver
2016, Alovisi et al. 2017)] or one amongst six
rotary systems |[PathFile 32.48% (n=153) (Alves
et al. 2012, Pasqualini et al. 2012a, D’Amario et al.
2013, Dhingra & Manchanda 2014, Kirchhoff et al.
2015, Turker & Uzunoglu 2015, Berastegui et al
2016, Alovisi et al. 2017); ProGlider 20.17%
(n=95) (Kirchhoff et al. 2015, Turker & Uzunoglu
2015, Berastegui et al. 2016, Paleker & van der
Vyver 2016, Alovisi et al. 2017); V GlidePath 2
10.62% (n = 50) (Dhingra & Manchanda 2014); G-
File 9.55% (n=45) (D'’Amario et al. 2013, Paleker
& van der Vyver 2016); Race ISO 10 4.25%
(n=20) (Berastegui etal. 2016); MTwo 3.18%
(n=15) (Alves et al. 2012)].

A total of 585 canals were included in studies com-
paring the efficacy of glide path prior to the final
preparation with different systems [Path File 32.14%
(n=188) (Meireles et al. 2012, Elnaghy & Elsaka
2014, Zanette et al. 2014, Carvalho et al. 2015,
Dhingra et al. 2015, Ocampo et al. 2015, Turker &
Uzunoglu 2015, Amaral et al. 2016, Alovisi et al.
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2017); K-file 17.61% (n= 103) (Uroz-Torres et al.
2009, Meireles et al. 2012, Carvalho et al. 2015, Tur-
ker & Uzunoglu 2015, Alovisi et al. 2017); ProGlider
7.89% (n = 45) (Elnaghy & Elsaka 2014, Turker &
Uzunoglu 2015, Alovisi et al. 2017)], with the
remaining 42.56% (n=249) (Uroz-Torres et al.
2009, Meireles et al. 2012, Elnaghy & Elsaka 2014,
Zanette et al. 2014, Carvalho et al. 2015, Dhingra
et al. 2015, Ocampo et al. 2015, Turker & Uzunoglu
2015, Amaral et al. 2016, Coelho et al. 2016) only
used the shaping system in absence of glide path
preparation. ProTaper Next was the most used system
36.24% of canals (n = 212) (Elnaghy & Elsaka 2014,
Ocampo et al. 2015, Turker & Uzunoglu 2015, Alo-
visi et al. 2017); WaveOne in 28.38% of canals
(n=166) (Dhingra et al. 2015, Amaral et al. 2016,
Coelho et al. 2016); ProTaper Universal in 14.53%
(n=85) (Meireles et al. 2012, Zanette et al. 2014);
Reciproc in 11.79% (n = 69) (Carvalho et al. 2015,
Coelho et al. 2016); MTwo in 6.84% (n = 40) (Uroz-
Torres et al. 2009). Finally, 13 samples (2.22%) were

not prepared and used as a negative control (Car-
valho et al. 2015).

Preoperative root canal morphology assessment
and characteristics of the samples included are
reported in Table 1. The canal curvatures ranged
between 10° and 76°, with the more common angles
having values near to 25°. Half of the studies
accepted variation of curvature angles of 10° (Alves
et al. 2012, D’Amario et al. 2013, Elnaghy & Elsaka
2014, Zanette et al. 2014, Carvalho et al. 2015,
Dhingra et al. 2015, Turker & Uzunoglu 2015,
Amaral et al. 2016, Paleker & van der Vyver 2016),
whereas only two measured the curvature ratios (Car-
valho et al. 2015, Alovisi et al. 2017).

Evaluation methods and outcome measurement
techniques are reported in Table 2. Due to the variety
of methods and techniques used to measure the out-
comes of the apical transportation and centring dur-
ing the root canal preparations, and the limited
access to mean and standard deviations data, it was
not possible to standardize the research data and
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Figure 1 Flowchart of the methodology.

International Endodontic Journal, 51, 1239-1252, 2018

© 2018 International Endodontic Journal. Published by John Wiley & Sons Ltd



Hartmann et al.

Glide path preparation: a systematic review

Table 1 Main characteristics of the included studies: sample characteristics

Assessment of curvature

Total
number Sample size
of teeth per group

Study Root type or canals  Technique Range Radius Root length (canals)
Uroz-Torres Mesial root of 40 Pruett 25°-76° 12 mm 10
et al. (2009) mandibular molars 10
10
10
Alves Mesial root of 45 Pruett 25°-35° >12 mm 15
et al. (2012) mandibular 15
molars 15
Meireles Mesial root of 45 Schneider 20°-55° 20 mm 15
et al. (2012) mandibular molars 15
15
Pasqualini Buccal roots of 8 Not specified 20°-55° 8
et al. (2012a,b) maxillary molars 8
D’Amario Mesial root of 45 Pruett 25°-35° 12 mm 15
et al. (2013) mandibular molars 15
15
Dhingra & Mesial root of 100 Schneider 20°-40° 50
Manchanda mandibular molars 50

(2014)

Elnaghy & Mesial root of 60 Schneider 25°-35° 13,16,20 & 21 mm 20
Elsaka (2014) mandibular molars 20
20
Zanette Mesio-buccal root of 40 Schafer 25°-35° 20
et al. (2014) maxillary molars 20
Carvalho Mesial root of 52 Schneider 20°-30° <10 mm 16 mm 13
et al. (2015) mandibular molars Pruett et al. 13
13
13
Dhingra Mesial root of 100 Schneider 20°-30° 50
et al. (2015) mandibular molars 50
Kirchhoff Mesial root of 20 Schneider  ~34° 16 mm 20
et al. (2015) mandibular molars 20
Ocampo Buccal root of maxillary 67 Schneider 15°-20° 34
et al. (2015) molars 33
Turker & Mesial root of 40 Schafer 25°-35° 12 mm 10
Uzunoglu (2015) mandibular molars 10
10
10
Amaral Mesial root of 36 Schneider 10°-20° 21 mm 12
et al. (2016) mandibular molars 12
12
Berastegui Mesial root of 60 Schneider 25°-60° 20
et al. (2016) mandibular molars 20
20
Coelho Mesial root of 60 Schneider 25°-39° 12 mm 15
et al. (2016) mandibular 15
molars 15
15
Paleker & Mesial root of 90 Schneider 20°-30° 30
van der mandibular molars 30
Vyver (2016) 30
Alovisi Mesio-buccal root 45 Schneider 25°-40° >4 mm <8 mm 12 £ 2 mm 15
et al. (2017) of maxillary molars Gu et al. (2010) 15
15

© 2018 International Endodontic Journal. Published by John Wiley & Sons Ltd
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carry out a meta-analysis. Therefore, in the present
systematic review, a narrative synthesis was carried
out (Joanna Briggs Institute 2015), collating the data
in Tables 1 and 2, presenting the relevant results
from the component studies.

Of the 18 studies included, four presented a high
risk of bias (Pasqualini et al. 2012a, Dhingra & Man-
chanda 2014, Elnaghy & Elsaka 2014, Dhingra et al.

Uroz-Torres et al. (2009)

Alves et al. (2012)

. Inclusion criteria strictness

. Allocation concealment

. Manual glide path comparator group

. A priori sample size calculation

. Canal preparation operator

. Blinding of outcome assessment

2015), 10 showed a moderate risk of bias (Uroz-
Torres et al. 2009, Meireles et al. 2012, Zanette et al.
2014, Carvalho et al. 2015, Kirchhoff et al. 2015,
Ocampo et al. 2015, Amaral et al. 2016, Berdstegui
et al. 2016, Coelho et al. 2016, Paleker & van der
Vyver 2016), and four had a low risk of bias (Alves
et al. 2012, D’Amario et al. 2013, Turker & Uzunoglu
2015, Alovisi et al. 2017) (Figs 2 and 3).

Paleker & van der Vyver (2016)

Pasqualini et al. (2012)
Alovisi et al. (2017)

D’ Amario et al. (2013)
Dhingra et al. (2014)
Elnaghy et al. (2014)

Zanette et al. (2014)
Coelho et al. (2016) (21)

Meireles et al. (2012)
Carvalho et al. (2015)
Dhingra et al. (2015)
Kirchhoff et al. (2015)
Ocampo et al. (2015)
Tiirker et al. (2015)
Amaral et al. (2016)
Berastegui et al. (2016)

. Observer(s) reliability assessment

XA || N W -

. Attrition bias

Figure 2 Risk of bias. Risk of bias summary: Reviewers’ judgements about each risk of bias item for each included study.

Risk of bias graph
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Canal preparation operator
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Figure 3 Risk of bias graph: Reviewers’ judgements about each risk of bias item presented across all included studies.
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Discussion

Preparation of a glide path using rotary sequences
performs similarly (in most studies) or significantly
better than manual preparation when assessing apical
transportation or canal centring. When compared to
the absence of a glide path, preparation of a glide
path prior to final shaping performed similarly, or sig-
nificantly better, with regard to apical transportation
or canal centring.

All the canals assessed in the component studies
received manual instrumentation at least to size 10 to
achieve working length determination. In the absence
of an established definition of glide path, this step was
disregarded. However, it is worth mentioning that no
canal was treated with engine-driven files solely in
the component studies. Alternatively, preparation of a
glide path mechanically in the absence of manual
instrumentation has been suggested (Yared 2015).

Effect of final file tip size

The glide path preparation size never coincided with
the apical size of the first engine-driven file reaching
the same working length in the component studies.
In fact, the final files used for glide path preparation
were the following dimensions: at least 0.5 mm
smaller (Elnaghy & Elsaka 2014, Carvalho et al
2015, Dhingra et al. 2015, Amaral et al. 2016,
Coelho et al. 2016), 0.1 or 0.2 mm smaller (Turker
& Uzunoglu 2015, Alovisi et al. 2017), 0.2 mm lar-
ger (Zanette et al. 2014, Ocampo et al. 2015),
0.3 mm larger (Meireles et al. 2012, Turker & Uzu-
noglu 2015), 0.5 mm larger (Uroz-Torres et al.
2009) and 0.8 mm larger (Meireles et al. 2012).
Thus, no association between the tip size of the final
file used for glide path preparation and apical trans-
portation and/or centring following engine-driven
preparation was found.

Effect of glide path preparation per se

Nine studies evaluated the efficacy of the glide path
preparation per se (Alves et al. 2012, Pasqualini
et al. 2012a, D’Amario et al. 2013, Dhingra & Man-
chanda 2014, Kirchhoff et al. 2015, Turker & Uzu-
noglu 2015, Berdstegui et al. 2016, Paleker & van
der Vyver 2016, Alovisi et al. 2017). Seven of these
compared manual K-files with engine-driven systems
to achieve glide path preparation (i.e. PathFile, Pro-
Glider, G-file). K-files performed worse with regard

International Endodontic Journal, 51, 1239-1252, 2018

to canal centring ability in two studies (Paleker &
van der Vyver 2016, Alovisi et al. 2017), and in
one on apical transportation (Paleker & van der
Vyver 2016). However, in five studies (Alves et al
2012, Pasqualini et al. 2012a, D’Amario et al.
2013, Kirchhoff et al. 2015, Turker & Uzunoglu
2015), K-files were associated with similar results
when comparing the apical transportation to the
other systems. Therefore, rotary glide path prepara-
tion performed similarly to or better than manual
preparation.

Two investigations (Dhingra & Manchanda 2014,
Berastegui et al. 2016) assessed the ability of several
engine-driven glide path systems (i.e. PathFile, ProGli-
der, Race ISO 10, V Glide Path 2). In one study, there
were no significant differences on apical transporta-
tion when PathFile, Race ISO 10 and ProGlider were
compared (Berastegui et al. 2016). Similarly, the sec-
ond study compared PathFile with V Glide Path 2
and revealed no differences on the centring of the
preparation, although the PathFile system exhibited
less apical transportation (Dhingra & Manchanda
2014). Thus, the different rotary glide path prepara-
tion systems performed similarly.

Glide path prior to the final preparation with
different systems

Eleven studies (Uroz-Torres et al. 2009, Meireles et al.
2012, Elnaghy & Elsaka 2014, Zanette et al. 2014,
Carvalho et al. 2015, Dhingra et al. 2015, Ocampo
et al. 2015, Turker & Uzunoglu 2015, Amaral et al.
2016, Coelho et al 2016, Alovisi etal. 2017)
assessed the effect of glide path preparation using var-
ious techniques on subsequent root canal shaping
with different preparation systems (i.e. ProTaper Next,
ProTaper Universal, MTwo, WaveOne, Reciproc).
Amongst these, seven studies used manual K-files for
comparison (Uroz-Torres et al. 2009, Meireles et al.
2012, Zanette et al. 2014, Carvalho et al. 2015, Tur-
ker & Uzunoglu 2015, Coelho et al. 2016, Alovisi
et al. 2017). In six of these, no differences were
observed in regard to centring ability and apical
transportation during subsequent shaping (Uroz-
Torres et al. 2009, Meireles et al. 2012, Zanette et al.
2014, Carvalho et al. 2015, Turker & Uzunoglu
2015, Coelho et al. 2016). However, in one study,
the glide path prepared using K-files had the largest
effect on centring ability (Alovisi et al. 2017). In sum-
mary, no differences regarding apical transportation
and canal centring were found, even if glide path

© 2018 International Endodontic Journal. Published by John Wiley & Sons Ltd
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preparation up to size 15 or 20 was completed by
manual instrumentation.

Four studies had a control group without glide path
preparation before final root canal shaping (Elnaghy
& Elsaka 2014, Dhingra et al. 2015, Ocampo et al.
2015, Amaral et al. 2016). Amongst these, two
demonstrated that the absence of glide path increased
apical transportation following final shaping with Pro-
Taper Next or WaveOne (Elnaghy & Elsaka 2014,
Dhingra et al. 2015); conversely, no differences were
found in two investigations using the same sequences
(Ocampo et al. 2015, Amaral et al. 2016). When
assessing centring ability, no differences were found
in three studies (Elnaghy & Elsaka 2014, Ocampo
et al. 2015, Amaral et al. 2016). Therefore, a glide
path may be helpful to reduce apical transportation;
however, inconsistent results were present amongst
the included studies.

Methodological aspects

All the component studies used custom-made jigs or
similar to standardize imaging. Periapical radiographs
were commonly used to assess root curvature prior to
the assays, with one exception which used pCT scan-
ning (Pasqualini et al. 2012a). Only two investiga-
tions assessed the radius of the curvatures (Carvalho
et al. 2015, Alovisi et al. 2017). It is worth noting
that this factor, together with curvature degree,
length and location, has an influence on the prepara-
tion outcomes (Hilsmann et al. 2005).

The imaging technique used may also have affected
the results of the component studies. Periapical radio-
graphs were used as a method of evaluation of apical
transportation in seven investigations (Uroz-Torres
et al. 2009, Alves et al. 2012, Meireles et al. 2012,
D’Amario et al. 2013, Zanette et al. 2014, Turker &
Uzunoglu 2015, Coelho et al. 2016). Interestingly,
these studies found no significant differences amongst
the experimental groups. The lack of significant
differences can be partly explained by the limited sen-
sitivity of two-dimensional imaging to assess three-
dimensional structures. Conversely, when using
three-dimensional imaging, some significant differ-
ences were found. CBCT was used to assess apical
transportation and shaping centring in seven investi-
gations (Dhingra & Manchanda 2014, Elnaghy &
Elsaka 2014, Zanette et al. 2014, Carvalho et al
2015, Dhingra et al. 2015, Turker & Uzunoglu 2015,
Berastegui et al. 2016), and two studies revealed sig-
nificant results in regard to final root canal shaping

© 2018 International Endodontic Journal. Published by John Wiley & Sons Ltd

achieved with WaveOne and ProTaper Next and
showing better performance when a glide path was
prepared (Elnaghy & Elsaka 2014, Dhingra et al
2015). Finally, pCT was employed in five studies
(Pasqualini et al. 2012a, Kirchhoff et al. 2015,
Amaral et al. 2016, Paleker & van der Vyver 2016,
Alovisi et al. 2017), of these, four (Pasqualini et al.
2012a, Kirchhoff et al. 2015, Amaral et al. 2016,
Paleker & van der Vyver 2016) evaluated apical
transportation. Only one study (Paleker & van der
Vyver 2016) reported significant differences, with G-
file and ProGlider showing better results when com-
pared to K-File glide path preparations. Canal centring
ability was analysed in three investigations with uCT
(Amaral et al. 2016, Paleker & van der Vyver 2016,
Alovisi et al. 2017), with one not detecting differences
when comparing final shaping using WaveOne with
or without the previous use of PathFile (Amaral et al.
2016). In a second study, preparation of a glide path
with K-files was associated with less centred prepara-
tions compared to preparation with ProGlider (Alovisi
et al. 2017). Similarly, a third study reported better
centring for PathFile, when compared with K-files
(Paleker & van der Vyver 2016).

Two lines of statistical reasoning may help to
explain the limited amount of significantly different
results and assess the study heterogeneity. First,
some data sets had large standard deviations in rela-
tion to the mean values of the results. Second, a
sizeable coefficient of variation was noted, which is
another measure that improves the characterization
of the data dispersion (data not shown). The latter
measure is the ratio of the standard deviation to the
mean, stated as a percentage. Low values are consid-
ered better, as this value indicates that the variabil-
ity in measurements is small relative to their mean.
In all the studies where this data was available,
large values of the coefficient of variation were
observed. Therefore, it appeared that heterogeneous
samples were present in several component studies
(Winner 2009).

In addition to heterogeneity of samples, there was a
frequent absence of an a priori power size calculation,
occurring in 17 out of 18 component studies. There-
fore, their results should be interpreted with caution
because inadequate power size cannot be ruled out.

In the present review, the methodological quality
of the included studies was appraised and catego-
rized according to their risk of bias. Bias is defined a
systematic errors that may lead a false estimation of
the intervention. Thus, it is crucial to assess the risk

International Endodontic Journal, 51, 1239-1252, 2018
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of bias of all studies included in a systematic review
(Higgins et al. 2011). When synthesizing the results
of the component studies based on their risk of bias,
only one of the four studies with a low risk of bias
revealed significant differences (Alovisi et al. 2017).
However, of five other studies that had significant
differences (Dhingra & Manchanda 2014, Elnaghy &
Elsaka 2014, Dhingra et al. 2015, Paleker & van
der Vyver 2016), three were described as having a
high risk of bias (Dhingra & Manchanda 2014,
Elnaghy & Elsaka 2014, Dhingra et al. 2015). This
observation highlights the difficulties in providing
robust recommendations in the presence of bias,
which can lead to inconsistencies amongst the rele-
vant evidence.

Clinical implications

A preliminary canal negotiation using a hand file of
at least size 10 is currently recommended in routine
clinical practice to prevent deviations from the main
canal (Hargreaves et al. 2011). None of the compo-
nent studies assessed apical transportation or centring
without this step.

Engine-driven glide path preparation performed at
least similarly to manual instrumentation, and no
significant differences were found when comparing
the different rotary systems. The preparation of a
manual glide path may still be important to prevent
instrument breakage. Interestingly, the component
studies indicated this specific complication as associ-
ated solely with engine-driven glide path prepara-
tion (Uroz-Torres et al. 2009, Alves et al 2012,
Turker & Uzunoglu 2015, Berastegui et al. 2016).
However, a different systematic review is necessary
to summarize this aspect. Finally, glide path prepa-
ration with rotary files is associated with less post-
operative pain and faster symptom resolution, when
compared to the use of hand files (Pasqualini et al.
2012b).

The clinical relevance of the apical transportation
magnitude needs further understanding. The highest
values reported was 0.32 mm (Uroz-Torres et al.
2009), which should be considered an outlier, taking
into account that the remaining mean apical trans-
portation values were less than 0.19 mm. This outlier
value can be explained by the fact that their mean
value of canal curvature degree was higher than the
remaining component studies. Although a systematic
review with meta-analysis was unable to draw defini-
tive conclusions for the effect on outcomes of

International Endodontic Journal, 51, 1239-1252, 2018

technical errors during shaping, significantly lower
success rates were often reported in their component
studies if these occurred (Ng et al. 2008). Further-
more, adequate root canal filling, which depends on
previous root canal shaping, improves outcomes sig-
nificantly (Ng et al. 2008).

Conclusions

Based on the available evidence, and within the limi-
tation of the studies included, preparation of a glide
path using engine-driven sequences is associated with
similar (in the majority of the included studies) or
reduced apical transportation and/or loss of canal
centring ability when compared to manual prepara-
tion. Preparation of a glide path prior to final shaping
was also associated with similar or reduced apical
transportation and/or loss of centring, when com-
pared with the absence of a glide path. However, it is
worth noting that these deviations from the main
canal occurred regardless.
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