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RESUMO                                                                                                                                                                                                                                                          

Introdução: A grande maioria dos condutos apresenta curvaturas e o conhecimento 

destas curvaturas permite ao clínico uma melhor escolha da terapêutica endodôntica. 

Para tanto, faz-se necessário o emprego de métodos que possam medir essas curvaturas 

com bons níveis de acurácia. A confecção de um glide path prévio à instrumentação dos 

canais radiculares é amplamente sugerida, pois pode evitar possíveis erros operatórios, 

tais como a perda de centralização do preparo e o transporte apical, especialmente em 

canais radiculares curvos. Como não há consenso quanto aos métodos que podem ser 

utilizados na medição das curvaturas radiculares, tampouco referente a eficácia do glide 

path, a presente investigação tem o objetivo de realizar duas revisões sistemáticas, a fim 

de responder às seguintes questões: 1- Quais são os métodos, descritos na literatura, 

empregados na mensuração dos ângulos e demais características das curvaturas dos 

canais radiculares? 2- O glide path é capaz de reduzir o transporte apical e a perda de 

centralização do preparo endodôntico? Além disso, qual a forma de confecção do glide 

path – manual ou motorizada – resulta em menores erros operatórios? Métodos: 

Utilizando os termos apropriados para cada revisão, foram realizadas buscas eletrônicas 

em seis bases de dados: PubMed, PubMed Central (PMC), Embase, Scopus, EBSCO 

Dentistry & Oral Sciences Source (DOSS) e Virtual Health Library (VHL). Foram 

utilizados estudos publicados em inglês ou em qualquer idioma com alfabeto latino não 

houve qualquer limite temporal para as publicações. Além disso, na segunda revisão, os 

estudos incluídos tiveram o risco de vieses analisado. Resultados: Na revisão 1, acerca 

dos métodos de mensuração das curvaturas, foram obtidos 6.346 estudos e destes, 

restaram 31 artigos que descreviam métodos inovadores. Onze estudos foram descritos 

a fim de mensurar apenas o ângulo das curvaturas radiculares, para isso utilizaram 
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imagens em 2D. 13 estudos utilizaram também imagens em 2D, entretanto, além dos 

ângulos avaliaram outras características das curvaturas dos canais radiculares (posição, 

comprimento, direção, altura e forma). Além disso, sete estudos avaliaram as curvaturas 

através de métodos em 3D. Já na revisão 2, a respeito do glide path, obteve-se 2.146 

artigos, sendo que 18 estudos preencheram os critérios de inclusão, compondo a análise 

final. 9 pesquisas avaliaram a confecção do glide path per se e 11 avaliaram a 

repercussão do glide path no preparo endodôntico motorizado final. Conclusão: a 

revisão 1 sugeriu que a maioria dos métodos de mensuração de curvaturas dos canais 

radiculares tem potenciais aplicações clínicas, no entanto, há uma falta de consenso 

sobre a técnica ideal. Além do ângulo, outros fatores, como raio e posição da curvatura, 

precisam ser mensurados e devem ser levados em consideração ao se avaliar a curvatura 

do canal radicular tanto em tratamentos clínicos como em ambientes de pesquisa. Já a 

revisão 2 revelou que a confecção motorizada, quando comparada com a confecção 

manual, do glide path apresenta resultados similares ou melhores de transporte apical e 

manutenção da centralização do canal radicular. Observou-se, também, que a confecção 

do glide path, previamente ao preparo endodôntico, está associada com resultados 

similares ou com a redução do transporte apical e a manutenção da centralização do 

preparo. Também foi observado que ocorrem desvios em todas as situações. 

Palavras-chave: preparo endodôntico, ângulo de curvatura radicular, anatomia dos 

canais radiculares, glide path, transporte apical, centralização, revisão sistemática.  
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ABSTRACT  
Introduction: The great majority of the roots present curvatures and the knowledge of 

these curves allows the clinician a better choice for endodontic therapy. Therefore, it 

is necessary to use methods that can measure these curvatures with good accuracy 

levels. The preparation of a glide path prior to root canal instrumentation is widely 

suggested because can avoid possible operative errors, such as loss of centralization 

and apical transportation, especially in curved root canals. There is no consensus 

concerning the methods that can be used to measure radicular curvatures, nor regarding 

the efficacy of glide path. The present investigation has the objective of performing 

two systematic reviews in order to answer the following questions: 1- What are the 

methods, described in the literature, used to measure the angles and other 

characteristics of the curvatures of the root canals? 2- The glide path is able to reduce 

the apical transportation and the loss of centralization of the endodontic preparation? 

Also, how does the glide path - manual or engine-driven - result in minor operative 

errors? Methods: Using the appropriate terms for each review, electronic searches 

were performed on six databases: PubMed, PubMed Central (PMC), Embase, Scopus, 

EBSCO Dentistry & Oral Sciences Source (DOSS) and Virtual Health Library (VHL). 

We used studies published in English or in any language with Latin alphabet. There 

was no time limit for publications. In addition, in the second review, the included 

studies, the risk of biases was analyzed. Results: In review 1, about the methods of 

measurement of curvatures, 6,336 studies were obtained and of these, 31 articles that 

described innovative methods. Eleven studies described the methods used to measure 

only the angle of the radicular curvatures, for which they used 2D images. 13 studies 

also used 2D images, however, in addition to the angles, evaluated other features of the 

root canal curvatures (position, length, direction, height and shape). In addition, seven 
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studies evaluated curvatures using 3D methods. In review 2, regarding glide path, 2,146 

articles were obtained, and 18 studies fulfilled the inclusion criteria, composing the 

final analysis. 9 studies evaluated the glide path per se and 11 evaluated the impact of 

glide path on final engine-driven endodontic preparation. Conclusion: Revision 1 

suggested that most methods for root canal curvature measurement have potential 

clinical applications; however, there is a lack of consensus on the ideal technique. In 

addition to the angle, other features, such as radius and position of curvature, need to 

be measured and should be considered when evaluating root canal curvature in both 

clinical and research purposes. Revision 2 revealed that engine-driven confection of 

glide path, when compared to manual, presents similar or better results of apical 

transportation and maintenance of root canal centralization. It was also observed that 

the preparation of glide path, prior to endodontic preparation, is associated with similar 

results or with a reduction of the apical transportation and the maintenance of the 

preparation centralization. It was also observed that deviations occur in all situations.  

Key Words: angle, curvature, measurement, radius, root canal anatomy, apical 

transportation, centralization, centring, glide path, root canal shaping, systematic 

review. 
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INTRODUÇÃO  
 

A ciência endodôntica está baseada no conhecimento do complexo dentino-

pulpar; na prevenção e tratamento de suas patologias e repercussões nas estruturas a ele 

relacionadas. De maneira resumida, o tratamento endodôntico pode ser definido como 

a combinação de instrumentação mecânica do sistema de canais radiculares, o seu 

saneamento químico, seguido do preenchimento em três dimensões, com a finalidade 

de manter ou restaurar a saúde dos tecidos perirradiculares1, 2. 

O sistema de canais radiculares (SCR) é um ambiente complexo que apresenta 

inúmeras reentrâncias, canais secundários e colaterais, zonas de istmo e deltas apicais, 

e que, quando contaminado, dificulta o tratamento endodôntico3, 4. Além de tudo, 

devemos considerar também, a prevalência de curvaturas5, obliterações parciais ou 

totais dos canais radiculares6, anomalias dentárias7, reabsorções internas8, que agregam 

maior complexidade ao tratamento. 

A presença de curvatura ocorre na maioria dos canais radiculares, sendo 

referenciadas prevalências em torno de 84% dos canais5, 9. Este fato aumenta o desafio 

terapêutico, já que os instrumentos endodônticos são fabricados retos, e tendem a 

permanecer desta forma, distribuindo de maneira desigual as forças aplicadas sobre as 

paredes radiculares durante o preparo de canal curvos10. Consequentemente, nas porções 

mais apicais de canais curvos, a parede externa à curvatura tende a ser mais desgastada 

que a parede interna11, 12, 9. Este desequilíbrio durante o preparo endodôntico pode levar 

a deslocamentos do trajeto original do canal, desvios, degraus, perfurações e fraturas de 

instrumentos, reduzindo o índice de sucesso do tratamento13, 14. 

A instrumentação manual dos canais radiculares apresenta uma maior propensão 

a erros operatórios quando comparada as instrumentações guiadas a motor (movimento 
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rotatório e/ou reciprocante). Este fato pode estar relacionado a experiência do operador 

e dificuldades na anatomia radicular. Entretanto, a liga de níquel-titânio, na qual os 

instrumentos motorizados são fabricados, parece ser o fator preponderante na redução 

de falhas durante o preparo 15-17.  

A maior parte dos sistemas de instrumentação motorizada sugere que após a 

exploração do canal radicular, e previamente ao preparo, seja confeccionado o “glide 

path” 18-22. Apesar de não haver um consenso a respeito da definição de glide path, o 

termo pode ser definido como “um canal radicular liso e livre, que se estende desde a 

cervical até a saída foraminal”. Tem como finalidade evitar a fratura de instrumentos 

acionados pelo motor e reduzir os desvios nos canais radiculares, permitindo que os 

instrumentos percorram os canais passivamente até o limite apical 23. Supostamente, a 

realização do glide path facilitaria a instrumentação de canais radiculares curvos. 

Entretanto, a repercussão do glide path, tanto no transporte apical quanto na 

centralização do preparo endodôntico, não é totalmente esclarecida e não há consenso a 

respeito de sua eficácia 24-43. 

Curvaturas radiculares tem sido listadas como um fator de risco que pode afetar 

negativamente o resultado do tratamento 44. Alguns guidelines recomendam que ao 

realizar a radiografia periapical inicial (prévia ao tratamento), deve ser medida a 

curvatura dos canais radiculares e que esse fator pode ser decisivo na seleção de cada 

tratamento endodôntico. Dependendo dos valores de ângulos e raios das curvaturas 

pode-se determinar a dificuldade de cada caso, determinar qual a melhor técnica de 

preparo e definir se o profissional possui habilidade e experiência suficiente para 

realizar o tratamento 44-46. A medição da curvatura dos canais radiculares é uma etapa 

extremamente importante para o planejamento do tratamento, e inúmeros métodos vem 
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sendo propostos na literatura 44-47. Ainda assim, não há consenso a respeito de qual o 

método mais apropriado para a mensuração das curvaturas, tampouco existe consenso 

em relação a quais parâmetros – além do raio e do ângulo – sejam mais relevantes para 

o processo de medição (posição, comprimento, direção, altura e forma).  Em conjunto, 

estes fatores relativos as curvaturas são importantes na determinação da complexidade 

de um tratamento de canal, e podem influenciar no sucesso da terapia endodôntica 48-81. 

Devido à ausência de consenso na literatura, surge a proposta de investigar, 

através de uma revisão sistemática, se a confecção do glide path é capaz de reduzir o 

transporte apical e manter a centralização do preparo endodôntico. Ainda, qual a forma 

de confecção do glide path – manual ou motorizada – resulta em menores erros 

operatórios relacionados a centralização e transporte apical? Além disso, como a 

presença de curvaturas radiculares pode afetar sensivelmente estes fatores, há a 

necessidade de investigar criticamente, por meio de outra revisão sistemática, quais são 

os métodos empregados para a mensuração dos ângulos e demais características das 

curvaturas dos canais radiculares?  
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REVIEW

Methods for measurement of root canal curvature:

a systematic and critical review

R. C. Hartmann1 , M. Fensterseifer2, O. A. Peters3,4, J. A. P. de Figueiredo5,

M. S. Gomes1,6 & G. Rossi-Fedele7

1Postgraduate Program in Dentistry, Pontifical Catholic University of Rio Grande do Sul, Porto Alegre, Brazil; 2Computer

Vision Group, Universidad Polit!ecnica de Madrid, Madrid, Spain; 3Department of Endodontics, Arthur A. Dugoni School of

Dentistry, University of the Pacific, San Francisco, CA, USA; 4Oral Health Centre, University of Queensland, Herston, Qld,

Australia; 5Federal University of the Rio Grande do Sul, Porto Alegre, Brazil; 6Medical and Dental Center of the Military Police

of Rio Grande do Sul, Porto Alegre, Brazil; and 7Adelaide Dental School, The University of Adelaide, Adelaide, SA, Australia

Abstract

Hartmann RC, Fensterseifer M, Peters OA, de

Figueiredo JAP , Gomes MS, Rossi-Fedele G.

Methods for measurement of root canal curvature: a

systematic and critical review. International Endodontic

Journal.

The assessment of root canal curvature is essential for

clinical and research purposes. This systematic review

presents an overview of the published techniques for

the measurement of root canal curvature features

using imaging and to provide a critique of their clini-

cal application. 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

measurement methods for root canal curvatures. The

search strategy retrieved 10594 records in total, and

31 records fulfilled the inclusion criteria. From 2D

image acquisitions, eleven studies measured exclu-

sively the angle of curvature, an additional thirteen

measured other curvature features (level, height,

radius, length and shape). Seven reports described

methods from 3D imaging (CBCT, lCT). Root canal

curvatures should be measured, for clinical proposes,

to facilitate endodontic treatment planning, and in

research, to reduce the risk of selection bias. This

review has revealed that there are many methods

described in the literature; however, no consensus

exists on which method should be used. Some of the

methodologies have potential clinical translation,

whereas others are suitable for research purpose only,

as they require a specific software or radiographic

exposure in the mesiodistal direction.

Keywords: angle, curvature, measurement, radius,

root canal anatomy, systematic review.

Received 4 May 2018; accepted 6 August 2018

Introduction

The assessment of root canal curvature (e.g. degree of

curvature, radius, level, length, height and coefficient)

is important for clinical and research purposes. Clini-

cally, it is intuitive that extreme curvature can create

procedural errors during root canal treatment, which

can be associated with subsequent treatment failures

(Lin et al. 2005).

In fact, excessive root canal curvature has been

listed as a risk factor that may affect the outcome of

treatment by the American Association of Endodon-

tists (American Association of Endodontists 2010),

the Canadian Academy of Endodontics (Canadian

Academy of Endodontics 2017) and two research

groups based in Europe (Falcon et al. 2001, Ree et al.

2003). Thus, an a priori assessment of root canal cur-

vature based on pre-operative radiographs, amongst

Correspondence: Rafael Chies Hartmann, School of Dentistry,

Pontifical Catholic University of Rio Grande do Sul, Building

6, 6681 Ipiranga Avenue, Porto Alegre, 90619-900 Rio

Grande do Sul, Brazil (e-mail: rafaelhart@gmail.com).

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

doi:10.1111/iej.12996
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other considerations, is recommended in order to

assign a specific clinical level of potential difficulty

and/or risk associated with root canal treatment

(American Association of Endodontists 2010). Such

an assessment is believed to aid in determining

whether the clinician has appropriate competence or

comfort level for the level of treatment complexity

and whether referral to an endodontist should be con-

sidered (American Association of Endodontists 2010).

In fact, several assessment forms and indices have

been suggested for this purpose (Falcon et al. 2001,

Ree et al. 2003, American Association of Endodontists

2010, Canadian Academy of Endodontics 2017). It is

worth noting that the above-mentioned forms do not

explicitly mention the method of curvature evaluation

to be used. Finally, a recently proposed web-based

endodontic case assessment tool, which also considers

root canal curvature, has been evaluated for applica-

tions such as educational, primary/secondary care

triage, record keeping, informed consent as well as

medico-legal justification (Shah & Chong 2018).

Assessment of root canal curvature for basic

research aims to remove selection bias by eliminating

or limiting differences between baseline characteristics

of the experimental groups that are compared (Shah &

Chong 2018). In fact, when using different endodontic

instruments in shaping root canals ex vivo, curvature

characteristics have an effect on transportation (Nagy

et al. 1997a,b, Dobo-Nagy et al. 2002, Uroz-Torres

et al. 2009), as well as on the cycles to failure of

nickel-titanium rotary files (Pruett et al. 1997) and

subsequent fracture (Jardine & Gulabivala 2000).

Throughout the history of Endodontology, numer-

ous techniques to assess root canal curvature have

been proposed. Thus, the objective of the present

review was to provide an overview of the published

techniques for the assessment of root canal curvature

using imaging and to provide a critique of their

potential clinical and research applications.

Materials and methods

The current systematic review was conducted and

reported in strict accordance with (PRISMA) guideli-

nes for reporting systematic reviews and meta-ana-

lyses (Moher et al. 2009).

Data sources

An electronic database search was conducted to find

published articles related to root canal curvatures

measurement in the following databases: PubMed,

PubMed Central (PMC), Embase, Scopus, EBSCO Den-

tistry & Oral Sciences Source (DOSS) and Virtual

Health Library (VHL), using a combination of the fol-

lowing terms: [Tooth root*] OR [Dental Pulp Cavit*]

OR [Root Canal*] OR [Pulp canal*] AND [Curv*]. The

search fields were ‘Text word or all text’ in PubMed,

PMC and DOSS, whilst ‘Title, Abstract and Keywords’

in Scopus and VHL, and ‘all fields’ in Embase. No

restrictions were made based on publication year. A

final database search was completed on 18 January

2018. The search results were imported into reference

manager software (EndNote, Thompson Reuters, Tor-

onto, Canada) and combined and duplicated publica-

tions were eliminated.

Resources selection and review

The question under review was not framed according

to the PICO-PEO formats, as these did not apply as the

present review aimed to summarize textual evidence

(Joanna Briggs Institute 2015). Therefore, the question

generated for this study to guide the systematic review

was framed as follows: ‘What are the imaging methods

used to measure root canal curvatures features?’

Two independent reviewers (RCH and GRF) anal-

ysed the titles and abstracts of the articles that were

identified, taking into consideration the inclusion and

exclusion criteria established for this review. The

inclusion criteria comprised studies that described pre-

viously unpublished imaging methods to measure root

canal curvatures, published in English or other Latin

alphabets. Articles were excluded when inclusion cri-

teria were not met; reviews and clinical case reports

were also excluded. Methods previously described for

other imaging techniques were also excluded.

In case of disagreement, consensus was reached by

discussing findings between the reviewers. The refer-

ence lists of all articles were checked for additional

articles of relevance, using the same criteria.

The description of each method was retrieved and

summarized from the included articles by two review-

ers (RCH and GRF), and diagrammatic representations

of the different methods were created. If deemed nec-

essary, authors of the included studies were contacted

for clarification and/or to request further information.

The three non-English studies retrieved [one in

Spanish (Fuentes et al. 2015), and two in Portuguese

(Berbert & Nishiyama 1994, Cabrales et al. 2006)],

were independently translated into English by two

authors (RCH and GRF), who are native speakers.
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Results

The search strategy retrieved 10 594 records in total,

of which 31 records fulfilled the inclusion criteria.

The results of the search strategy are presented in

Fig. 1. The main reason for excluding each of the 20

studies identified following full-text assessment is

recorded in Table 1.

The methodologies used in the included studies

were then grouped according to the number of

dimensions used in imaging (2D or 3D) and then sub-

divided between those proposed to measure root cur-

vature solely or if other factors were measured

(Table 2). Main features of the component publica-

tions, as well as, strengths and limitations are

described in Tables S1–S3. Diagrammatic representa-

tion of the methodologies used in the literature is pre-

sented in Figs 2–4.

Twenty-eight included publications were based on

various radiographic techniques. Nineteen studies

used periapical radiography (PR) to measure root

canal curvature angle and other factors (Table 3).

Amongst these, 13 investigations solely used bucco-

lingual/palatine (i.e. clinical) view (Table 3). Nine of

these methods assessed the angle of curvatures exclu-

sively (Table 3), which differed in the position of the

representative intersecting lines. In addition to curva-

ture angle measurement, ten described its position,

height, radius, length and shape considering clinical

and proximal views (Table 3). Moreover, 11 of the

radiography-based investigations placed K-files (sizes

08, 10, 15) or silver points with the purpose of facili-

tating root canal curvature visualisation (Southard

et al. 1987, Backman et al. 1992, Luiten et al. 1995,

Thompson et al. 1995, Hankins & ElDeeb 1996, Har-

lan et al. 1996, Lopes et al. 1998, Dobo-Nagy et al.

2000, Sch€afer et al. 2002, Iqbal et al. 2003, G€unday

et al. 2005). Five studies used micro-computed tomog-

raphy (lCT) (Peters et al. 2000, Bergmans et al.

2001, Lee et al. 2006, Eaton et al. 2015, Dannemann

et al. 2017), two used cone-beam computed tomogra-

phy (CBCT) (Estrela et al. 2008, Choi et al. 2015),
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Figure 1 Flow chart of the search strategy.
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and another two employed dental panoramic tomog-

raphy (DPT) (Fuentes et al. 2015, 2018).

Three publications suggested an abstract, mathe-

matically based method and presented diagrammatic

representations for curvature and the measurement of

other factors in the absence of any experimental com-

ponent. Amongst these, one article describes a

method of root canal curvature measurement to

explain how to make curved stainless-steel guide

tubes (CST) to test instruments fracture resistance

(Pruett et al. 1997), another presented a mathemati-

cal curve description in simulated canals within

acrylic blocks (AB) (Sonntag et al. 2006), and the

third proposed a theoretical method (TM) to standard-

ize curvature measurements (Zhang & Hu 2010).

Amongst the 24 studies that used 2D images (PR,

DPT, CST, AB and TM) to describe their methods,

five investigations reported that measurements were

made on images of clinical and proximal views

(Southard et al. 1987, Backman et al. 1992, Harlan

et al. 1996, Dobo-Nagy et al. 2000, Iqbal et al.

2003), though amongst the latter only two com-

bined the values obtained (Harlan et al. 1996, Dobo-

Nagy et al. 2000).

Discussion

The present systematic review confirms the wide

range of techniques available to measure root canal

curvature and other factors based on imaging.

Though there is an obvious lack of a consensus on

the ideal technique to achieve this goal, it is reason-

able to expect that some techniques are more suitable

for clinical use and others are better restricted for

research purposes. Factors such as the preference of

the operator, practicality and ease of use, root canal

morphology (e.g. presence of ‘S-shaped’ curves), as

well as access to the various imaging techniques and

imaging software, are likely to influence the choice of

technique to measure root canal curvature.

In the absence of a validated reference method to

measure root canal curvatures, an assessment of the

reliability of the different methods included in the pre-

sent systematic review is not possible. Furthermore,

root canal curvature and other factors definitions var-

ied amongst the different studies. Finally, it should be

highlighted that the literature comparing the different

methodologies is scarce, thus it is not possible to

directly provide robust evidence-based clinical guideli-

nes from this review of the literature.

In routine endodontics, most commonly used diag-

nostic and treatment planning tools are single or mul-

tiple periapical radiographs, which graphically

represent in two dimensions what in fact is a three-

dimensional structure. These images normally allow

visualization of curvatures in the mesiodistal direc-

tion, but will not fully disclose features of the root

canal system in the bucco-lingual direction, thus

masking root canal complexities which cause root

canal treatment to be less predictable (Choi et al.

2015, Sousa et al. 2017). This is a common limita-

tion of various techniques proposed in the literature

(Tables S1 and S2).

It is worth mentioning that around 84% of human

teeth have clinically noticeable root canal curvatures

(Sch€afer et al. 2002, Zheng et al. 2009). Importantly,

endodontic instruments have the tendency to conform

to a straight canal, causing over preparation of the

outer curvature in their apical portion and the inner

curve of the root canal in the coronal parts of the

curved roots (Peters 2004). Furthermore, canal

preparation errors hinder adequate cleaning, irriga-

tion and filling of root canals, and are thus likely to

negatively affect treatment outcomes (Gorni &

Gagliani 2004, Lin et al. 2005).

Several professional bodies and authorities suggest

root canal curvature severity as one of the factors

increasing the risk of preparation errors, with likely

interference in the subsequent steps of root canal

treatment (Falcon et al. 2001, Ree et al. 2003,

Table 1 Characteristics of excluded studies

Year Study Characteristics of excluded studies

1985 Roane Description considered insufficient

1989 Dummer et al. Description considered insufficient

1990 Campos et al. Description considered insufficient

1990 Gilles et al. Description considered insufficient

1992 Cunnigham

and Senia

Method previously described

1995 Nielsen et al. Description considered insufficient

1997 Short Description considered insufficient

1997 Goldberg et al. Description considered insufficient

2000 Bramante et al. Method previous described

2001 Kuttler et al. Description considered insufficient

2009 Lopez et al. Method previously described

2009 Sadeghi et al. Method previously described

2010 Gergi et al. Method previously described

2010 Gu et al. Method previously described

2010 Michetti et al. Description considered insufficient

2012 Benyo Description considered insufficient

2012 Pasqualini et al. Description considered insufficient

2012 Huerta et al. Description considered insufficient

2013 Park et al. Method previously described

2015 Lee et al. Method previously described

Root canal curvature measurements Hartmann et al.
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American Association of Endodontists 2010, Cana-

dian Academy of Endodontics 2017). However, there

is no apparent consensus on the numerical values of

the degrees to be considered; the methods of curva-

ture measurement are also often not explicitly

reported in the proposed case difficulty assessment

tools.

Angle is defined as the space between two lines or

surfaces at the point at which they touch each other,

measured in degrees or radian (Encyclopedia of Math-

ematics 2018). Two angles are called supplementary

if they have their vertex and one side is common,

whilst the other two sides form a straight line

(a + b = 180°) (Encyclopedia of Mathematics 2018).

Sixteen of the component studies included in the pre-

sent systematic review used the supplementary angle

to determine root canal curvature, and not the angle

formed by the lines on the root canal image but a

projection of the coronal line. Interestingly, Berbert &

Nishiyama (1994) did not explicitly mention which

was the angle of curvature to be measured, however,

based on subsequent studies using the methodology

they proposed (Bramante & Betti 2000, Oget et al.

2017), it was deduced that the angle measured using

their method was the supplementary one.

Several of the primary studies suggest that angle of

curvature alone is insufficient to adequately describe

root canal curvature (Table S1), with radius being a

second parameter with an effect on the root canal

treatment difficulty (Pruett et al. 1997, Sch€afer et al.

2002). Furthermore, the position of the beginning of

the curve, the level where they occur, the shape and

the height are other important factors that ought to

be considered to better understand root canal mor-

phology (Dummer et al. 1989, Berbert & Nishiyama

1994, Kyomen et al. 1994, Nagy et al. 1995,

Table 2 Division and main contribution of the included studies

From 2D images
From 3D images

Year Main contributionAngles Angles + other features

Angles + other

features

Schneider 1971 First method to measure the angle of curvatures

Weine 1982 Different lines to determinate the curvature

Southard et al. 1987 Curvature measured in two vertices

Backman et al. 1992 Radius of curvature and radius quotient

Berbert & Nishiyama 1994 Level of the curvature

Kyomen et al. 1994 Height of the curvature

Luiten et al. 1995 Different lines to determinate the curvature

Thompson et al. 1995 Distance of the beginning of the curvature

Nagy et al. 1995 Mathematical description of the curvature

Hankins & EIdeeb 1996 Long-axis based curvature determination

Harlan et al. 1996 Single measurement from angles of both views

Pruett et al. 1997 Radius of the curvature

Lopes et al. 1998 Different lines to determinate the radius

Pettiette et al. 1999 Different lines to determinate the curvature

Peters et al. 2000 Visualisation and determination of curvature in 3D

Dob!o-Nagy et al. 2000 Determination of curvature in 3D

Bergmans et al. 2001 Determination of curvature and torsion

Sch€afer et al. 2002 Radius and length of curvature

Iqbal et al. 2003 Determination of the maximum curvature view

G€unday et al. 2005 Canal access angle

Cabrales et al. 2006 Template to determinate the difficulty of the curvature

Sonntag et al. 2006 Different mathematical description of the curvature

Willershausen et al. 2006 Different lines to measure curves with two vertices

Lee et al. 2006 Different points to determinate the curvature

Estrela et al. 2008 Measure of cervical and apical curvatures in 2 planes

Zhang & Hu 2010 Theoretical interpretation of the curvatures

Fuentes et al. 2015 Different lines to determinate the curvature

Eaton et al. 2015 Canal access angle in 3D

Choi et al. 2015 Simplified determination of local curvature in 3D

Dannemann et al. 2017 Determination of curvature and canal profile in 3D

Fuentes et al. 2018 Different lines to measure curves with two vertices

Hartmann et al. Root canal curvature measurements
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Thompson et al. 1995, Dobo-Nagy et al. 2000). It

should be noted that these differences in methodology

may affect the interpretation of the different studies.

It must be noted that multiple investigations that

were using K-files (08, 10, 15) or silver points (South-

ard et al. 1987, Backman et al. 1992, Luiten et al.

1995, Thompson et al. 1995, Hankins & ElDeeb

1996, Harlan et al. 1996, Lopes et al. 1998, Dobo-

Nagy et al. 2000, Sch€afer et al. 2002, Iqbal et al.

2003, G€unday et al. 2005) placed into the root canal

could present a confounding factor. Metal wires may

not remain centred in the root canal, especially in

wide canals; therefore, a file or silver point curvature

may not be representative of the actual root canal

curvature (Sch€afer et al. 2002). Although this tech-

nique may be not suitable to measure the exact root

canal curvature, it allows an appreciation of the chal-

lenge that a root canal instrument has to negotiate to

reach the apical portion of the root canal (Cunning-

ham & Senia 1992). One the other hand, from a clin-

ical standpoint, the placement of files or silver points

cannot be used for the assessment of root canal cur-

vature before treatment, as this will require the

preparation of an access cavity, thus root canal treat-

ment will already have been initiated.

Three-dimensional imaging techniques are becom-

ing increasingly popular in endodontics. Micro-com-

puted tomography (lCT) provides high-resolution

images, increasing the precision of qualitative

evaluations and quantitative measurements of the

root canal system. However, being time-consuming,

associated with higher radiation exposure, and higher

costs, it is unsuitable for patients (Peters et al. 2000,

Lee et al. 2014, Ordinola-Zapata et al. 2017). Con-

versely, CBCT is a 3D alternative with clinical transla-

tion. When compared to two-dimensional imaging,

CBCT presents greater accuracy regarding the deter-

mination of root canal morphology (Estrela et al.

2008, Sousa et al. 2017). Amongst the component

studies, only two described using CBCT as an image

resource (Estrela et al. 2008, Choi et al. 2015). Lastly,

some studies used methods originally proposed for

lCT to measure curvatures in CBCT, thus were not

considered novel (Michetti et al. 2010, Park et al.

2013).

Visual estimation of root canal curvature is not

reliable; thus, the use of a computer-based quantita-

tive method is recommended (Faraj & Boutsioukis

2017). Although lCT and CBCT are more accurate in

several aspects when compared to two-dimensional

radiographic images, they normally require the use of

specific software, which may not be readily available,

thus this methodology may not be necessarily repeat-

able in other settings (Table S2). The potential for use

of open source software for the measurement of root

canal curvatures requires further assessment. The lat-

ter, in association with CBCT, may allow greater

accuracy together with widespread clinical application

Table 3 Features proposed to measure root canal curvature described in the component studies

Reference Plane Angle Position Height Radius Length Shape

Schneider 1971 C X

Weine 1982 C X

Southard et al. 1987 CP X

Backman et al. 1992 CP X X

Berbert & Nishiyama 1994 C X X

Kyomen et al. 1994 C X

Luiten et al. 1995 C X

Nagy et al. 1995 C X X X

Thompson et al. 1995 C X X

Hankins & ElDeeb 1996 C X

Harlan et al. 1996 CP X

Lopes et al. 1998 C X X

Pettiette et al. 1999 C

Dobo-Nagy et al. 2000 CP X X X

Sch€afer et al. 2002 CP X X X

Iqbal et al. 2003 CP X X

G€unday et al. 2005 C X X

Cabrales et al. 2006 C X

Willerhausen et al. 2006 C X

C, Clinical view; CP, Clinical and proximal view.
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of curvature measurement methodologies in the fore-

seeable future.

Conclusion

This systematic review includes publications with var-

ious methodologies for the measurement of root canal

curvature angle and other factors. Most of the meth-

ods have potential clinical applications; however,

there is a lack of consensus on the ideal technique to

assess root canal curvature. In addition to angle,

other factors, such as radius and position of the cur-

vature, may need to be taken into consideration to

evaluate root canal curvature in both clinical and

research scenarios.
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Table S1. Methods used in the studies using 2D imaging, measuring only the angle of curvature. 

Study 
Year 

T Method Description Strength Limitations 

Schneider 
1971 

PR 

A line (red) was scribed on the radiograph parallel to the image of the canal long axis. A second line 
(blue) was drawn from the apical foramen to intersect with the first line at the point where the canal began 

to leave the long axis of the tooth (C). The acute angle thus formed was measured (α). [Straight (≤5°), 

moderate (10-20°) or severe (25-70°)]. 

Simple and clinically 
feasible, special software 

not required.  

2D, restricted to the 
clinical view, measures 
only one angle of the 

curvature (mesiodistal). 

Weine 
1982 

PR 
A line (red) from orifice through more the coronal portion of curve and another line (blue) from apex 

through the apical portion of the curve. The interior angle (α) formed by intersection of these lines (C) is 

the degree of curvature. 

Simple and clinically 
feasible, special software 

not required.  

2D, restricted to the 
clinical view, measures 
only one angle of the 

curvature (mesiodistal). 

Southard et 

al. 
1987 

PR 

Teeth with only one curvature were measured by the Schneider's method. Teeth with S-type curve were 
measured as follows. A line (red) was drawn along the axis of the coronal portion of the root canal image. 

A second line (blue) was then drawn as a "best fit" line along the segment of canal from its initial point 
(C) of departure from the long axis line to the point (C') at which the second curve to the foramen 

occurred. A third line (green) was then drawn from the apical termination point of the instrument at the 
apical foramen to a point at which the outside edge of the instrument intersected the second line. [α: angle 

of the first curvature; β: angle of the second curvature]. 

Simple and partially 
clinically feasible, allows 

the measurement of 
different curvatures in the 
same root/canal; measures 
both angles (mesiodistal, 

buccal-lingual) of the 
curvature, special software 

not required.  

2D, no correlation between 
the clinical and the 

proximal  measurements, 
proximal view is 

impractical in the clinical 
scenario  

Luiten et al. 
1995 

PR 
A line (red) was drawn through the midpoint of a line drawn across the canal orifice and the midpoint of a 

line drawn across the canal 2 mm apical to the orifice. The apical line (blue) was drawn parallel to the 
apical 1 mm of the canal, intersecting (C) and the resulting angle measured (α). 

Simple and clinically 
feasible, considers the 
centring of the coronal 

portion of the root canal, 
special software not 

required.  

2D, restricted to the 
clinical view, measures 
only one angle of the 

curvature (mesiodistal). 

Hankins & 
EIdeeb 
1996 

PR 
A line (red) was drawn representing the long axis of the tooth. Measurement of canal angulation involved 

drawing a line (blue) passing through the apical one-third of the file. The angle (α) formed by the 

intersection (C) of that line with the long axis of the tooth. 

Clinically feasible, 
considers the long axis of 

the tooth, do not need 
special software 

2D, only one angle of the 
curvature, do not considers 
the centring of the coronal 
portion of the root canal, 

measures only one angle of 
the curvature (mesiodistal). 

Harlan et al. 
1996 

PR 
Clinical and proximal angles were measured as described by Schneider. The true curvature of each 

sample root canal was then calculated using the formula: T = atan [(tan (C))² + (tan (P))²]1/2, where C is 
the angle of the curvature in the clinical view and P in the proximal. 

Simple and partially 
clinically feasible, 

measures and correlates 
both angles (mesiodistal, 

buccal-lingual) of the 
curvature, special software 

not required.  

2D, proximal view is 
impractical in the clinical 
scenario, measures only 

one angle of the curvature 
in each view. 



Pettiette et al. 
1999 

PR 
A line (red) was drawn on the axis of the coronal third of the root canal and the second line (blue) was 

through the axis of the canal in its apical third. These lines met at an angle (C) that was defined as canal 
angulation (α). 

Simple and clinically 
feasible, special software 

not required.  

2D, restricted to the 
clinical view, do not 

considers the centring of 
the coronal portion of the 
root canal, measures only 
one angle of the curvature 

(mesiodistal). 

Cabrales et al. 
2006 

PR 
The curvatures were evaluated placing a scale in front of the radiographic image on the smaller radius. 

[>25mm simple, 25-11 medium; 8-11 difficult]. 

Simple and clinically 
feasible, special software 

not required. 

2D, no specific 
measurement of the angle 
of the root canal curvature 
(classification according to 

curvature categories), 
measures only one angle of 
the curvature (mesiodistal), 

need a special template. 

Willershausen 
et al. 
2006 

PR 

A horizontal line (yellow) between the mesial and distal CEJ serves as coronal reference level. The 
middle of the root canal (red line) was used as a reference for the straight lines and tangents; distance I: 
distance from the CEJ to the first curvature; distance II: distance from the first curvature to the second 

curvature or radiological apex; distance III: distance from the second curvature to the radiological apex. 
[α: angle of the first curvature; β: angle of the second curvature]. 

Clinically feasible, allows 
the measurement of 

different curvatures in the 
same root/canal, considers 
the distance from the CEJ 
to the different curvatures, 

special software not 
required.  

2D, restricted to the 
clinical view, all the 

measured angles are in the 
same view (mesiodistal). 

Fuentes et al. 
2015 

DPT 

Point A determined the pulp chambers roof (middle point of the crown). A line (yellow) was drawn 
connecting the mesial and distal CEJ. Then, point B was placed on the centre of the canal, 5 mm from the 
yellow line. A line (red) that passes through A and B determinates the coronal line. A line (blue) passing 
through point C (portion where the root canal leave the coronal line) and D (apical apex), determinates 

the apical line. The angle (α) was measured at the intersection of apical and coronal lines. 

Simple and clinically 
feasible, special software 

not required. 

2D, restricted to the 
clinical view, limited use to 

the dental panoramic 
tomography (susceptible to 

image distortions), 
measures only one angle of 
the curvature (mesiodistal). 

Fuentes et al. 
2018 

DPT 

The longitudinal axis of the tooth was determined through the projection of two points: one located in the 
furcation of the tooth (most concave point) (A) and the other located on the chamber floor above the 

furcation and at the midpoint of the mesiodistal distance in the chamber (B). A line tangent to the 
chamber floor was drawn, perpendicular to the long axis of the tooth. The lines of the angle were drawn 

to measure, establishing a midpoint in the distal root canal on the same plane as this line. A line (red) was 
drawn from this point following the direction of the root, in the centre of the canal, to the point at which 
the line left the canal (C). From the point at which this line left the canal, a second line (blue) was drawn, 
following the direction of the root, in the centre of the canal, to the point at which the line again left the 

canal (C'). 

Clinically feasible, 
measurement of different 

curvatures in the same 
root/canal, special software 

not required. 

2D, restricted to the 
clinical view, limited use to 

the dental panoramic 
tomography (susceptible to 

image distortions), 
measures only angles of the 

curvature (mesiodistal). 

T: Technique; PR: Periapical Radiograph; DPT: Dental Panoramic Tomography. 

 



Table S2. Methods used in studies that used 2D imaging, measuring angle and other features of canal curvature. 

Study 
Year 

T Method Description Strength Limitations 

Backman et 

al. 
1992 

PR 

The curvature angles were assessed using the Schneider or Southard methods. The radius measurement (r) 
for single curvatures was measured from the tip of the instrument at the apical foramen to where the canal 

deviated from the coronal axis (C). For double or S-type curvatures, two radius measurements were 
determined, the first from the point where the first curve began to the point at which the second curvature 
occurred. The second measurement was made from the tip of the instrument at the apical foramen to the 
point where the second curvature began. A value termed the "radius quotient" obtained by dividing the 

given angle by its "radius" measurement. 

Clinically feasible, special 
software not required, 

includes the “radius quotient” 

measure, an additional 
information on the curvature 

description. 

2D, restricted to the clinical 
view, measures only one angle 
of the curvature (mesiodistal). 

Berbert & 
Nishiyama 

1994 
PR 

A line (black) was traced tangent to the chamber floor. On the cervical portion of the root canal image 
two dots were marked, one 2 mm (A) and other 3 mm (A') from the chamber floor line in the centre of the 
root canal.  These two points determinate the cervical line (red). Two more points were determined, one 1 

mm (B) and other 2 mm (B') from the apical foramen, defining the apical line (blue). The angle of the 
curvature (α) was measured at the intersection of these lines (C). The distance between B' and C (BC) and 
A to C (AC) were measured and by their division the quotient of curvature was obtained, determining the 

level where the curvature occurs [Cervical third (<0.5), middle (0.5-2) and apical (>2)]. 

Clinically feasible, special 
software not required, 

includes the measurement of 
the level of the curvature, an 
additional information on the 

curvature description. 

2D, restricted to the clinical 
view, measures only one angle 
of the curvature (mesiodistal). 

Kyomen et al. 
1994 

PR 

A line (green) representing the long axis of each tooth was drawn vertically through the tooth at the 
approximate mesiodistal midline, as judged at the level of the CEJ and continuing midway between the 

two roots. A line (black) was drawn perpendicular to this line, tangential to the most coronal extent of the 
floor of the pulp chamber. The distance from point A (point of contact of the line on the chamber floor) to 

point B (where the line intersects the mesial wall of the chamber) was halved, and this midpoint was 
labelled point C. A Line (red) was then drawn through points C and the apical foramen and this line 

segment was defined as root length. The maximum perpendicular linear distance from the red line to the 
mesial canal was recorded and defined as the maximum height of curvature (H). 

Clinically feasible, special 
software not required, 

includes the measurement of 
the height of the curvature, an 
additional information on the 

curvature description. 

2D, restricted to the clinical 
view, no measurement of the 

angle of the curvature. 

Thompson et 

al. 
1995 

PR 
The angle of the canal was measured using a modification of Schneider’s method. The radius was 

measured using a drafting template and the distance of the beginning of the curve from the orifice (G) 
was measured to the nearest 0.5 mm. 

Clinically feasible, special 
software not required, 

includes the measurement of 
the distance up to the 

beginning of the curvature, an 
additional information on the 

curvature description. 

2D, restricted to the clinical 
view, measures only one angle 
of the curvature (mesiodistal). 

Nagy et al. 
1995 

PR 
Seven points for each root canal axis were plotted using a halving technique. Coordinates of all the points 

were fed into a computer, and root canal axes were determined by fourth degree polynomial function 
approximation. Based on the results the root canal forms can be classified into the following groups: 

Special software not required, 
includes a mathematical 

description of the curvature. 

2D, complex and not 
clinically feasible, restricted to 

the clinical view 



straight or I form, apical curve or J form, curved canal along its entire length or C form, and multicurved 
or S form. 

Pruett et al. 
1997 

CST 

A line (red) was drawn along the long axis of the coronal portion of the canal. A second line (blue) was 
drawn along the long axis of the apical portion of the canal. There is a point on each of these lines at 

which the canal deviates to begin (A) or end (B) the canal curvature. The curved portion of the canal is 
represented by a circle with tangents at points A and B. Angle of curvature can be defined by the angle 

(α) formed by perpendicular lines  (yellow and green lines) drawn from the points of deviation (A and B) 

that intersect at the centre of the circle. The length of these lines is the radius of the circle and defines the 
radius of the canal curvature in millimetres. 

Special software not required, 
includes the measurement of 
the radius of the curvature. 

2D, complex and not 
clinically feasible, restricted to 

the clinical view, measures 
only one angle of the 

curvature (mesiodistal). 

Lopes et al. 
1998 

PR 

The angle (α) of curvature of the canals was determined by Schneider’s method. The apical foramen (A), 
the greatest curvature (B) and the intersection of the apical and coronal lines (C) were determined. The 

radius of curvature of the root canal was measured in the region of greatest curvature (B) using a 
geometric method. The centre of the curve (D) is determined by the meeting of the medians of two cords 

(green) in the region of the greatest curvature. [Mild (≥20mm), moderate (<20 and >10mm) or severe 

(≤10mm)]. 

Special software not required, 
includes the measurement of 
the radius of the curvature, an 
additional information on the 

curvature description.. 

2D, complex and not 
clinically feasible, restricted to 

the clinical view, measures 
only one angle of the 

curvature (mesiodistal). 

Dobó-Nagy et 

al. 
2000 

PR 

Four metal spheres were placed into four different corners of each tooth block in a tetrahedral position for 
subsequent reconstruction. The blocks were radiographed in proximal (I) and clinical (II) views. On the 

radiograph images seven points of imaginary axis of the root canal were plotted, and the axis was 
calculated by fourth-degree polynomial function approximation as described by Nagy et al. 1995. Along 

the parallel order line one Monge image was translated to its turnaround image. Each well-ordered Monge 
image pair was put into a common coordinate system resulting in the 3D polynomial curve of the root 

canal axis. 

Special software not required, 
measures and correlates both 
angles (mesiodistal, buccal-

lingual) of the curvature, 
includes a mathematical 

description of the curvature in 
3D. 

2D, complex and not 
clinically feasible, requires a 

special apparatus. 

Schäfer et al. 
2002 

PR 

The angle of curvature was determined for both clinical and proximal view curvatures, according to the 
method described by Schneider. The line (green) between points B and C is the chord of the hypothetical 
circle that defines the curved part of the canal. The curved part of the root canal between points B and C 

is the circular arc of the hypothetical circle, which is specified by its radius (r). The radius of the 
curvature was calculated on the basis of the geometrical principals of an isosceles triangle. 

Includes the measurement of 
the radius and the arc of the 

curvature, an additional 
information on the curvature 

description.. 

2D, complex and not 
clinically feasible, special 

software required, restricted to 
the clinical view, measures 

only one angle of the 
curvature (mesiodistal). 

Iqbal et al. 
2003 

PR 

Series of radiographs were exposed, each time incrementally rotating the turntable until a file in the root 
canal appeared straight on the radiograph. The turntable was then rotated 90 degrees to reveal the 

maximum curvature of the root canal, and a preoperative radiograph of the tooth was obtained.  The 
radius of the curvature was measured in a software drawing a circle well fitted on the image of the root 

canal. 

Identify and includes the 
measurement of the maximum 

curvature, an additional 
information on the curvature 

description. 

2D, not clinically feasible, 
special software required, 
needs a special apparatus. 

Günday et al. 
2005 

PR 
The canal orifice (A) and apex (B) points were connected with a line (green). The angle (β) formed by the 

intersection between the red line (parallel line described in the Schneider method) intercepting the green 
Clinically feasible, special 

software not required, 
2D, complex and not 

clinically feasible, restricted to 



one is defined as the canal access angle. At the point (C), where the red line leaves the root canal, a 
perpendicular line to AB was drawn (yellow). The point that the yellow line intersects the green is D. CD 

gives the curvature height (x), and the distance from A to point D is the curvature distance (y). 

includes the measurement of 
the height of the curvature, an 
additional information on the 

curvature description. 

the clinical view, measures 
only one angle of the 

curvature (mesiodistal). 

Sonntag et al. 
2006 

AB 

In mathematics, a curvature is described by means of hypothetical circles. The curvature at a specific 
point (x0) is described by selecting a circle that is optimally adapted to the configuration of the curve at 
that point. The smaller the curvature, the larger the hypothetical circle. The actual configuration of the 
canal wall is described by specifying x and y coordinates of selected measuring points. Using this point 
sequence, an equalising function describing the configuration in mathematical terms can be determined. 
The use of the equalising function adapted to the configuration of the long axis of the canal permits the 

exact determination of the curvature for each point x and for the point of maximum curvature, as well as 
the mean curvature of the measured canal section. The distance of the point of maximum curvature from 

the apical foramen can also be calculated by means of the arc length with x1 and x2, signifying the x-
coordinates of apex and maximum curvature. 

Includes a mathematical 
description of the curvature. 

2D, complex and not 
clinically feasible, restricted to 

the clinical view, special 
software required. 

Zhang & Hu 
2010 

TD 

The angle of the curvature is defined according to Schneider. Point A denotes the apical foramen. The 
point where the canal begins the curvature is marked as point C. A line is then drawn parallel to the long 
axis of the canal through point C, and a point B is chosen on this line such that the distance between C 

and B is equal to that between A and C. The angle α formed by lines AC and CB is the angle of curvature. 

From E and F, the midpoints of AC and CB, respectively, two lines are drawn perpendicular to the lines 
AC and CB, which would meet at the circumcentre O. The distance between O and A, B or C is the radius 
(r) of the circumference, which determines the magnitude of the curve. The angle (α) can be transferred to 

an isosceles triangle, with the base on the line AC, then radius (r) length of the curvature can be 
determined. 

Special software not required, 
includes the measurement of 
the radius of the curvature. 

2D, complex and not 
clinically feasible, restricted to 

the clinical view, measures 
only one angle of the 

curvature (mesiodistal). 

       T: Technique; PR: Periapical Radiograph; CST: Curved Stainless-Steel Guide Tubes; AB: Acrylic Blocks; TD: Theoretical Discussion.  

 



Table S3. Methods used in studies using 3D imaging, measuring angle and other features of canal curvature.  

Study 
Year 

T Method Description Strength Limitations 

Peters et al. 
2000 

µCT 

Each slice was defined by a series of coordinated data for the x-, y-, and z-axes. The first two axes were 
parallel to the slice, while the z-axis was at right angles to each slice. The "centers of gravity" of the 

canals, calculated for each slice, were connected along the z-axis by a fitted line. The mean curvature of a 
canal was calculated from the geometric formula of the fitted line as the 2nd derivative. Volume and 
surface of the root canals were determined by means of the triangulated data and the Marching Cubes 

algorithm. 

3D, comprehensive 
measurement of the angles 

and radius of the curvatures. 

Not clinically feasible, 
special software required. 

Bergmans et al.  
2001 

µCT 

The root canal central axis is an important element for quantitative measurements in the 3D modelling. 
Such an axis was calculated by fitting a so-called spline curve through the geometric means of the 

contours that were obtained by intersecting the canal surface with each individual slice. In this way a 3D 
curve was obtained that reflected the anatomy of the root canal. Based on the principles of differential 

geometry, a local co-ordinate frame could be associated to each point along the curve (Frenet-Serret co-
ordinate frame). It provides numerical values for the curvature (degree of bending) and the torsion 
(degree of twisting) of the curve at specific points, and hence fully describes its local 3D anatomy. 

3D, comprehensive 
measurement of the angles, 

radius and torsion of the 
curvatures. 

Not clinically feasible, 
special software required. 

Lee et al. 
2006 

µCT 

The central axis was defined as a cubic B-spline curve that passes through the point of intersection of the 
major and minor axes of ellipse of each image slice. The curvature (k) was defined as the rate of turning 
of the tangent vector at a given point. The radius of curvature of the tangential circle at each point along 
the central axis was measured and then and inverted it to provide a measure of the actual curvature. The 

following were calculated: firstly the mean curvature of each trisection (coronal, middle, and apical 
thirds); secondly the maximum curvature and its location (yellow circle); and thirdly the maximum 

curvature within the apical third and its location (blue circle). 

3D, comprehensive 
measurement of the angles 
and radius of the curvatures 

in different thirds of the 
root. 

Not clinically feasible, 
special software required. 

Estrela et al. 
2008 

CBCT 

The proposed method to determine the curvature radius of curved root canal uses two 6-mm semi straight 
lines (red) superimposed to the root canal, the primary line being the one that represents the longer 
continuity of the apical region and the secondary line  being the one that represents the middle and 

cervical thirds. Regardless of the length of the secondary line, only the 6 mm closest to the primary line is 
used to measure. The midpoint of each semi straight line is determined. From this point, two lines 

perpendicular to the semi straight lines (blue) are drawn until they meet at a central point, which is named 
circumcentre. The length of the blue lines determinate the circumference radius, which defines the 

magnitude of the curve. [Small radius (r≤4 mm): severe curvature; intermediary radius (4< r ≤8mm): 

moderate curvature; and large radius (r>8 mm): mild curvature]. 

Clinically feasible, 
multiplane measurement of 
the angles and radius of the 
curvatures in coronal and 
apical thirds of the root 

canal. 

Special software required, 
not a real 3D measurement, 
since no correlation between 
the multiplanes analysis are 

carried out. 

Eaton et al. 
2015 

µCT 
The volume rendering for each sample was rotated until the maximum curvature view was evident for the 

canals and the image exported. Four points were determined: pulp horns (PH) (blue), centre of canal 
orifices at the pulp chamber floor (PF) (green), centre of canal at the furcation level (F) (yellow), and 

Includes the measurement 
of different curvature 
angles, according to 

Not clinically feasible, 
special software required, 

not a real 3D measurement, 



centre of primary curvature in the maximum view (MC) (purple). An apical line (black) was drawn and in 
the intersection with: minimally invasive line (PF), straight-line furcation (F) and straight-line radicular 

(PH), the angles were measured. 

clinically relevant 
landmarks. 

since the analysis is based 
on rendering images. 

Choi et al. 
2015 

CBCT 

The centre points of the canals were marked in the axial slice at the level of the CEJ. In order to measure 
the curvature, an imaginary centre of the root canal space was created in each image slice using all three 
planes. The software automatically displayed the location of the designated points as three-dimensional 

coordinates (x, y, and z). The x-axis (left/right axis) was parallel to what was described the 
“frontozygomatic” (FZ) line. The y-axis (posterior/anterior axis) was perpendicular to the FZ line and 
parallel to what was described as the “Frankfort horizontal” (FH) line. The z-axis (vertical axis) was 
perpendicular to both the FZ line and the FH line. The 3D coordinates (x, y, and z) of each landmark 

represented its 3D position relative to the origin. The centre of the root canal of every slice between the 
starting point (x0, y0, and z0) and the designation point (xn, yn, and zn) was plotted manually. The line 

connecting the individual points then formed the axis of the canal along the curve of the root canal.  

3D, clinically feasible, 
comprehensive 

measurement of the angles 
and radius of the curvatures. 

Lack of information 
regarding the process of 

calculation, special software 
required. 

Dannemann et 
al. 

2017 
µCT 

The 3-dimensional geometry of the root canals, calculated by a self-implemented image evaluation 
algorithm, was described by 3 different mathematical models: the elliptical model, the 1-circle model, and 
the 3-circle model. Root canals with a nearly elliptical cross section are reasonably approximated by the 

elliptical model, whereas the 3-circle model obtained a good agreement for curved shapes. The 
mathematical description was divided into 2 parts. First, the calculated centroids were described by 1, 2, 
or 3 implicit curves parallel to the XY plane, denoted as layers. Then, the centre (Xm, Ym, Zm) of the 
implicit curves was used to calculate the length and curvature of the root canal. The radius of curvature 

was denoted as r = 1/k 

3D, highly comprehensive 
measurement of the angles 

and radius of the curvatures. 

Very complex and not 
clinically feasible, special 

software required 

T: Technique; µCT: Micro-Computed Tomography; CBCT: Cone-Beam Computed Tomography. 
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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.

Keywords: apical transportation, centralization,

centring, glide path, root canal shaping, systematic

review.

Received 25 January 2018; accepted 22 April 2018

Introduction

After canal preparation, the canal shape should ide-

ally enclose the original main canal whilst avoiding

preparation errors. Preparation errors are associated

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:

• To compare apical transportation and centring of

different glide path preparation techniques, with or

without final canal shaping.

• 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

‘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:

• Publication in English or in other Latin alphabets

• Human teeth

• At least one group receiving glide path prepara-

tion

• Clinical or basic research presented

• Same nickel-titanium instrumentation used for

root canal shaping following glide path prepara-

tion, if present

• 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

Glide path preparation: a systematic review Hartmann et al.
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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:

• Inclusion criteria strictness [Root canal curvature

range (Adequate: less than 10!; Unclear: between

10° and 30°; Inadequate: more than 30°)]

• Allocation concealment [Random sequence gener-

ation (Adequate: yes; Unclear: not specified; Inade-

quate: no)]

• Manual glide path comparison group (Adequate:

yes; Inadequate: no)

• A priori sample size calculation (Adequate: yes;

Unclear: not specified; Inadequate: no)

• Canal preparation performed by the same operator

or by calibrated operators (Adequate: yes; Unclear:

not specified; Inadequate: no)

• Blinding of outcome assessment [Examiner(s) con-

cealment of allocation (Adequate: yes; Unclear: not

specified; Inadequate: no)]

• Observer(s) reliability assessment (Adequate: yes;

Unclear: not specified; Inadequate: no)

• 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:

• Low risk of bias (i.e. studies that met at least six of

the quality criteria)

• Moderate risk of bias (i.e. studies that met between

three and five of the quality criteria)

• 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.

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, Ber!astegui 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, Ber!astegui et al.

2016, Alovisi et al. 2017); ProGlider 20.17%

(n = 95) (Kirchhoff et al. 2015, Turker & Uzunoglu

2015, Ber!astegui 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) (Ber!astegui et al. 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.

Hartmann et al. Glide path preparation: a systematic review
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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

Figure 1 Flowchart of the methodology.
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Table 1 Main characteristics of the included studies: sample characteristics

Study

Assessment of curvature

Root type

Total

number

of teeth

or canals Technique Range Radius Root length

Sample size

per group

(canals)

Uroz-Torres

et al. (2009)

Mesial root of

mandibular molars

40 Pruett 25°–76° 12 mm 10

10

10

10

Alves

et al. (2012)

Mesial root of

mandibular

molars

45 Pruett 25°–35° >12 mm 15

15

15

Meireles

et al. (2012)

Mesial root of

mandibular molars

45 Schneider 20°–55° 20 mm 15

15

15

Pasqualini

et al. (2012a,b)

Buccal roots of

maxillary molars

8 Not specified 20°–55° 8

8

D’Amario

et al. (2013)

Mesial root of

mandibular molars

45 Pruett 25°–35° 12 mm 15

15

15

Dhingra &

Manchanda

(2014)

Mesial root of

mandibular molars

100 Schneider 20°–40° 50

50

Elnaghy &

Elsaka (2014)

Mesial root of

mandibular molars

60 Schneider 25°–35° 13,16,20 & 21 mm 20

20

20

Zanette

et al. (2014)

Mesio-buccal root of

maxillary molars

40 Schafer 25°–35° 20

20

Carvalho

et al. (2015)

Mesial root of

mandibular molars

52 Schneider 20°–30° <10 mm

Pruett et al.

16 mm 13

13

13

13

Dhingra

et al. (2015)

Mesial root of

mandibular molars

100 Schneider 20°–30° 50

50

Kirchhoff

et al. (2015)

Mesial root of

mandibular molars

20 Schneider !34° 16 mm 20

20

Ocampo

et al. (2015)

Buccal root of maxillary

molars

67 Schneider 15°–20° 34

33

Turker &

Uzunoglu (2015)

Mesial root of

mandibular molars

40 Schafer 25°–35° 12 mm 10

10

10

10

Amaral

et al. (2016)

Mesial root of

mandibular molars

36 Schneider 10°–20° 21 mm 12

12

12

Ber!astegui

et al. (2016)

Mesial root of

mandibular molars

60 Schneider 25°–60° 20

20

20

Coelho

et al. (2016)

Mesial root of

mandibular

molars

60 Schneider 25°–39° 12 mm 15

15

15

15

Paleker &

van der

Vyver (2016)

Mesial root of

mandibular molars

90 Schneider 20°–30° 30

30

30

Alovisi

et al. (2017)

Mesio-buccal root

of maxillary molars

45 Schneider 25°–40° >4 mm <8 mm

Gu et al. (2010)

12 " 2 mm 15

15

15
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Table 2 Main characteristics of the included studies: methodology and results

Study Groups

Instrumentation

protocol

Imaging

technique Evaluation method Reference

Formula

Centring

Formula

Transportation Centring Transportation

Uroz-Torres

et al. (2009)

25-44GP:

Manual+Mtwo

K-File #08, #10 &

#15+ MT #30/05

DR Distance between pre

and post instrumentation

radiographs superimposed

with #15

K-File and 30/05 Mtwo

instrument on the canal

Iqbal

et al. (2003)

Not statistically

significant

25-44:NGP:Mtwo MT #30/05

45-76GP:

Manual+Mtwo

K-File #08, #10 &

#15+ MT #30/05

45-76:NGP:Mtwo MT #30/05

Alves

et al. (2012)

M:K-File K-File #10, #15 & #20 DR Distance between pre and

post instrumentation

radiographs

superimposed

with #15 K-File

Personal

opinion of 3

endodontists

about of the

presence of

aberrations

Not statistically

significantMT:Mtwo MT #10/04, #15/05 &

#20/06

PF:PathFile PF #13, #16 & #19

Meireles

et al.

(2012)

G1-ProTaper K-File #15 & #20+

PTU #25

CR Distance between pre and

post instrumentation

radiographs

superimposed

with #15 K-File

Not statistically

significant

G2-K-File+

ProTaper

K-File #15, #20 &

#25+ PTU #25

G3 -

PathFile+

Protaper

K-File #15 & #20+ PF

#13, #16 & #19+

PTU #25

Pasqualini

et al.

(2012a,b)

PF:PathFile PF #13, #16 & #19 Micro-CT Axial images at 1 mm

from the apical foramen,

and at the maximum

curvature were analyzed

Not statistically

significantKF:K-File K-File #08, #10, #12,

#15, #17 & #20

D’Amario

et al. (2013)

M:K-File K-File #10, #15 &

#20

DR Distance between

pre and post

instrumentation

radiographs

superimposed with

#15 K-File on the canal

A blinded

endodontist

measure the

extent of the

apical

transportation

Not statistically

significant

GF:G-File GF #12/03 & #17/03

PF:PathFile PF #13, #16 & #19

Dhingra &

Manchanda

(2014)

PF:PathFile PF #13, #16 & #19 CBCT Thickness of Mesial and

distal dentinal walls on

selected axial images

(0, 1, 2, 3, 5 and 7 mm)

Gambill

et al. (1996)

(m¹-m²)/(d¹-d²) or

(d¹-d²)/(m¹-m²)

numerator was the

smaller of the

two numbers

(m¹-m²)-(d¹-d²) Not statistically

significant

PathFile

presented less

transportation

VGP2: V

GlidePath 2

VGP2 #13 & #17

Elnaghy &

Elsaka (2014)

PTN:ProTaper

Next

PTU SX+PTN #25 CBCT 3 cross-section levels

that corresponded

to 3, 5, and 7 mm

distance from the

apical end

Gambill

et al. (1996)

(m¹-m²)/(d¹-d²) or

(d¹-d²)/(m¹-m²)

numerator was the

smaller of the two

numbers

(m¹-m²)-(d¹-d²) Not statistically

significant

PG not statistically

significant different PF

Without glide path

presented more apical

transportation

PG/PTN:

ProGlider+PTN

PG#16/02+ PTN #25

PF/PTN:

PathFile+PTN

PF #13 & #16+ PTN #25
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Table 2 Continued

Study Groups

Instrumentation

protocol

Imaging

technique Evaluation method Reference

Formula

Centring

Formula

Transportation Centring Transportation

Zanette

et al. (2014)

GA:PathFile+

ProTaper

Universal

PF #13, #16 &

#19+ PTU #40

DR Distance between pre

and post instrumentation

radiographs superimposed

with #15 K-File on the

canal. 3 cross-section

levels that corresponded

to 1, 2 and distance from

the apical end

The apical

transportation

was measured,

in both

vertical/height

and horizontal/

width

directions, and

the thickness

of buccal,

palatal, mesial

and distal

walls at 3 l

ocations

Not statistically

significant

GB:ProTaper

Universal

K-File+PTU #40 CBCT

Carvalho

et al. (2015)

KF/RS-10/15K-

File+Reciproc

K-File #10 &

#15+ RP #25

CBCT The extension of the pre- and

post-preparation root

canal were measured

by a blind calibrated

examiner

(m¹-m²)/(d¹-d²) or

(d¹-d²)/(m¹-m²)

numerator

was the

smaller of the two

numbers

(m¹-m²)-(d¹-d²) Not statistically

significant

Not statistically

significant

NGP/RS-just

Reciproc

RP #25

PF/RS-PathFile+

Reciproc

PF #13, #16 &

#19+ RP #25

NP-no Preparation No Preparation

Dhingra

et al. (2015)

WaveOne WO #25 CBCT Thickness of Mesial and

distal dentinal walls

on selected axial

images (0, 1, 2, 3, 5

and 7 mm)

Gambill

et al. (1996)

(m¹-m²)/(d¹-d²) or

(d¹-d²)/(m¹-m²)

numerator was the

smaller of the two

numbers

(m¹-m²)-(d¹-d²) With PathFile

presented

better

centring

PathFile presented

less transportationPathFile+WaveOne PF #13, #16 &

#19+ WO #25

Kirchhoff

et al. (2015)

ProGlider PG #16 Micro-CT Mean measurement

values of two calibrated

blinded examiners on

cross-sectional images

Gergi

et al. (2010)

(m¹-m²)-(d¹-d²) Not statistically

significantPathFile PF #13, #16 & #19

Ocampo

et al. (2015)

ProTaper Next PTN #25 CBCT The dentine thickness

was measured both in

Mesial and distal sides

of roots pre-and

post-instrumentation

Gergi

et al. (2010)

(m¹-m²)/(d¹-d²) or

(d¹-d²)/(m¹-m²)

numerator was the

bigger of the two

numbers

(m¹-m²)-(d¹-d²) Not statistically

significant

Not statistically

significantProTaper

Next+PathFile

PF #13, #16 &

#19+ PTN #25

Turker &

Uzunoglu

(2015)

M:Manual+PTN K-File #10, #15 &

#20+ PTN #25

DR Distance between pre

and post instrumentation

radiographs superimposed

with #15 K-File on the canal

A blinded

endodontist

measure the

extent of the

apical

transportation

Not statistically

significant

PF:PathFile+PTN PF #13, #16 &

#19+ PTN #25

PG:ProGlider+PTN PG #16/02+ PTN #25

PTN:ProTaper Next PTN #25
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Table 2 Continued

Study Groups

Instrumentation

protocol

Imaging

technique Evaluation method Reference

Formula

Centring

Formula

Transportation Centring Transportation

Amaral

et al. (2016)

PFWO-PathFile+

WaveOne

PF #13, #16 &

#19+ WO #25

Micro-CT The mean measurement

of 5 layers in each

selected third generated

a single thickness value

of mesial and distal dentine

for each canal before and

after instrumentation

Gambill

et al. (1996)

(m¹-m²)/(d¹-d²) and

(d¹-d²)/(m¹-m²)

use the smaller

of the two

numbers obtained

(m¹-m²)-(d¹-d²) Not statistically

significant

Not statistically

significant

SXWO-SX+

WaveOne

PTU SX+WO #25

WO-WaveOne WO #25

Ber!astegui

et al. (2016)

PF-PathFile PF #13, #16 & #19 CBCT Superimposed the

preoperative and

postoperative

sagittal slice images

One blinded

examiner

measure the

extent of the

apical

transportation

on sagittal

slice images

Not statistically

significantRI-Race ISO 10 RI #10/02,

#10/04 & #10/06

PG-ProGlider PG #16/02

Coelho

et al. (2016)

WaveOne+GP

WaveOne

K-File #10, #15 &

#20+ WO#25

WO #25

DR The dentine thickness was

measured both in mesial

and distal sides of roots

pre-and post-instrumentation

Gambill

et al. (1996)

(m¹-m²)/(d¹-d²) Closest

to 1 was the most

centered one

Not statistically

significant

Reciproc+GP

Reciproc

K-File #10, #15

& #20+ RP #25

RP #25

Paleker &

van der

Vyver (2016)

KF:K-File K-File # 1 0,

#15 & #20

Micro-CT Axial images of 1 and

7 mm from the apical

foramen were analyzed

by the software

(x¹-x²)/y Ratios closest

to 0 indicated

a superior centring

ability

Distance

between the

walls of pre and

post

instrumentation

canals in 8

points (45° each)

KF=GF GF=PG PG

presented better

centring

compared

to KF

GF:G-File GF #17/03

PG:ProGlider PG #16/02

Alovisi

et al. (2017)

PathFile+Pro

Taper Next

PF #13 & #16+

PTN #25

Micro-CT The center of gravity

for each scanning slice

at the three levels of

analysis (A, M and C)

was traced, and

coordinates on both

axes of planar images

were recorded

Peters

et al. (2000)

The average of the

x and y-coordinates

of all pixels in the

selection was

automatically traced.

Average canal

transportation was

calculated by the

centroid shift before

and after

instrumentation

KF=PF PF=PG PG

presented better

centring

compared

to KF

PG not statistically

significant

different PF

Glide path made

with KF

presented more

transportation

ProGlider+

ProTaper Next

PG #16/02+ PTN #25

K-File+

ProTaper Next

K-File #12 &

#15+ PTN #25

CBCT, Cone beam computer tomography; CR, Conventional radiography; DR, Digital radiography; GF, G-File; KF, K-File; Micro-CT, Micro computed tomography; MT, Mtwo; PF,

PathFile; PG, ProGlider; PTN, ProTaper Next; PTU, ProTaper Universal; RI, Race ISO 10; RP, Reciproc; VGP2, V GlidePath 2. The full sequence of PTU, PTN and MT was used, up to

the instrument described; WO, WaveOne.
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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.

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, Ber!astegui

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).

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

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

Hartmann et al. Glide path preparation: a systematic review
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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, Ber!astegui 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

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,

Ber!astegui 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 (Ber!astegui 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 et al. 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

Glide path preparation: a systematic review Hartmann et al.

© 2018 International Endodontic Journal. Published by John Wiley & Sons LtdInternational Endodontic Journal, 51, 1239–1252, 20181248



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 lCT 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 (H€ulsmann 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,

Ber!astegui et al. 2016), and two studies revealed sig-

nificant results in regard to final root canal shaping

achieved with WaveOne and ProTaper Next and

showing better performance when a glide path was

prepared (Elnaghy & Elsaka 2014, Dhingra et al.

2015). Finally, lCT 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 lCT

(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

Hartmann et al. Glide path preparation: a systematic review
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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, Ber!astegui 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

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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CONSIDERAÇÕES FINAIS 

O tratamento endodôntico tem como objetivo a manutenção e/ou o 

restabelecimento da saúde dos tecidos periapicais de suporte. Podemos citar os aspectos 

anatômicos e as questões microbiológicas como os principais desafios para se atingir o 

sucesso da terapêutica endodôntica1, 2. A anatomia dos canais radiculares é complexa e 

oferece dificuldades variadas durante o preparo e descontaminação endodôntica. Assim, 

durante a fase de modelagem dos canais radiculares, todas as medidas visando o respeito 

às características anatômicas originais dos condutos, preservando a qualidade dos 

preparos e a redução de erros operatórios, devem ser adotadas 82, 83.   

Há a necessidade de que as decisões terapêuticas sejam tomadas baseadas em 

uma correta avaliação da complexidade anatômica dos canais radiculares 74, 4. Para tanto, 

o conhecimento dos métodos disponíveis no que diz respeito a mensuração das 

curvaturas e suas caraterísticas passa a ter grande importância 84, 85, tanto sob o prisma 

clínico quanto em cenários ligados à pesquisa científica em Endodontia. 

A primeira revisão crítica e sistemática, inclui publicações com várias 

metodologias para a medição dos ângulos de curvatura do canal radicular e outros 

fatores associados. A maioria dos métodos tem potenciais aplicações clínicas, no 

entanto, há uma falta de consenso sobre a técnica ideal para se mensurar curvaturas do 

canal radicular. Além do ângulo, outros fatores, como raio e posição da curvatura, 

precisam ser mensurados e devem ser levados em consideração para avaliar a curvatura 

do canal radicular tanto em tratamentos clínicos como em ambientes de pesquisa.  

Chama a atenção que há um senso comum em se utilizar o ângulo suplementar 

nas medições de curvaturas. Entretanto, parece ser mais coerente, para futuros métodos, 

que sejam medidos os ângulos formados entre as retas cervicais e apicais nos métodos 
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em 2D. Já nos métodos em 3D, uma dificuldade se deve ao grande volume de dados 

obtidos nas avaliações. Neste ponto, fazer a tradução e a interpretação dessas 

informações, para sua aplicação clínica, é o maior desafio. 

O fato de que os métodos mais novos, realizados em imagens em 3D, são 

totalmente dependentes de softwares específicos, apresenta-se como ponto preocupante. 

Esse aspecto torna muito difícil a realização de estudos comparativos em múltiplos 

centros de pesquisa. Uma solução para esse empasse seria o desenvolvimento de um 

método independente que possa ser realizado através de softwares mais facilmente 

disponíveis ou até mesmo em softwares livres. 

Com base nas evidências obtidas na segunda revisão sistemática, pode se 

observar uma ampla discussão e grande dificuldade em definir o termo “glide path”. 

Convém salientar que em todos os estudos houve a exploração dos canais radiculares 

com limas finas, previamente aos preparos; fato que, tecnicamente e dentro da definição 

vigente, já pode ser interpretado como um tipo de glide path. Sendo assim, a 

interpretação dos dados, no que diz respeito aos preparos que compararam a confecção 

de glide path manual e motorizado, deveriam ser revistos. Pois, apesar de serem 

considerados como tendo o glide path feito com o auxílio de motores, previamente, o 

“glide path” foi iniciado manualmente. Convém salientar que alguns estudos vem 

demonstrando que a exploração dos canais radiculares previamente a instrumentação 

motorizada não seja necessária 86, 87. Todavia, como o foco desta revisão não foi a 

capacidade dos instrumentos de preparo atingirem o comprimento de trabalho, esse 

aspecto não foi discutido previamente.   

Outro ponto interessante e passível de discussão é o fato de que os ângulos de 

curvatura radiculares utilizados durante a seleção das amostras são bastante variáveis. 
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Em 9 estudos houve uma variação de 10° ou menos, já em outros nove estudos essa 

variação foi maior. Este ponto pode repercutir negativamente nos resultados, já que pode 

haver uma heterogeneidade muito grande da amostra. Além disso, o fato de que a maior 

parte dos estudos utilizou raízes com curvaturas em torno de 25°, é possível que os 

resultados gerados não representem corretamente a repercussão do glide path no preparo 

endodôntico final. É compreensível que, segundo Schneider, ângulos maiores que 20° 

sejam considerados como curvaturas severas; entretanto, este nos parece um ângulo de 

curvatura radicular que não imprime grande desafio à instrumentação. Sendo assim, há 

a necessidade de avaliações, a respeito da eficácia do glide path, realizadas em amostras 

com ângulos de curvatura dos canais radiculares mais agudos.   

Entretanto, com base nos dados coletados e agrupados nessa revisão, pode se 

concluir que a confecção motorizada do glide path apresenta resultados similares ou 

melhores de transporte apical e manutenção da centralização do canal radicular, quando 

comparada a preparação manual. Observou-se, também, que a confecção do glide path, 

anteriormente ao preparo endodôntico, está associada com resultados similares ou com 

a redução do transporte apical e a manutenção da centralização do preparo. Vale 

ressaltar que ocorreram desvios em todas as situações.  

Houve a impossibilidade da realização de meta-análise dos dados, em função da 

grande heterogeneidade entre estudos. Isto ocorreu tanto nos métodos de avaliação de 

centralização do preparo e transporte apical, quanto nos métodos usados na mediação 

das curvaturas radiculares. É imprescindível, para a realização de meta-análises futuras, 

que haja uma padronização tanto dos métodos empregados quanto da forma de 

apresentação dos dados. Somente desta forma, agrupando os dados obtidos em 
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diferentes estudos, será possível produzir, com consistência, evidência científica de 

maior relevância. 

Com base nessas conclusões, constata-se a necessidade do desenvolvimento de 

novas pesquisas, que avaliem a repercussão do glide path nos preparos endodônticos. 

Além de estudos laboratoriais bem controlados e conduzidos, é imprescindível que se 

desenvolvam estudos observacionais longitudinais e/ou ensaios clínicos randomizados 

que avaliem as repercussões nos índices de sucesso quando da confecção, ou não do 

glide path. 

Fica evidente que mais estudos relacionados a eficácia do glide path devem ser 

conduzidos pois são imprescindíveis, entretanto a padronização das amostras e da 

apresentação dos dados faz-se necessária. Uma forma de padronização na seleção das 

amostras começa pela correta medição das curvaturas radiculares, todavia não há 

consenso a respeito de qual método seria o mais indicado. Para tanto, é necessário que 

estudos futuros avaliem a precisão e reprodutibilidade dos métodos existentes a fim de, 

caso haja algum, possa ser determinado o método de referência nas medições de 

curvaturas radiculares. Caso não seja possível obter essa informação, um novo método 

deverá ser proposto.  
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