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RESUMO 

 

Esta revisão sistemática teve como objetivo investigar a influência da técnica obturadora na 

qualidade de obturações avaliadas por microtomografia computadorizada (micro-CT).  A busca 

bibliográfica foi realizada em seis bases de dados eletrônicas (PubMed, Cochrane, Scopus, Web 

of Science, EMBASE e Open Gray). A estratégia de busca foi desenvolvida usando MeSH terms 

e text words (tw.), combinando os seguintes termos: ‘Root canal filling’, ‘Root canal 

obturation’, ‘Obturation technique’, ‘Root canal filling technique’, ‘Dentin penetration’, 

‘Tubule penetration’, ‘Gaps’, ‘Voids’, ‘Empty space’, ‘MicroCT’, ‘Micro-CT’, 

‘Microcomputed tomography’. Os critérios de elegibilidade, com base na estratégia PIO, foram: 

(P) estudos ex vivo que usaram micro-CT para analisar a qualidade da obturação dos canais 

radiculares; (I) obturação de canais radiculares utilizando diferentes técnicas; (O) qualidade da 

obturação (presença de espaços vazios, gaps e penetração na dentina tubular). O risco de viés 

(RoB) dos estudos incluídos foi avaliado por meio de uma adaptação baseada em revisões 

sistemáticas anteriores. A busca inicial nas bases de dados resultou em 249 estudos. Cento e 

quarenta e oito estudos foram excluídos por estarem duplicados. Dos 101 estudos elegíveis, 31 

preencheram os critérios de inclusão e foram selecionados para leitura completa. Dois estudos 

foram excluídos pois avaliavam material reparador (MTA). Vinte e nove estudos foram 

incluídos para análise, treze apresentaram alto risco de viés, quatorze moderado e apenas dois 

apresentaram baixo risco de viés. Nenhuma das técnicas de obturação apresentou-se livre de 

bolhas ou gaps. Quatro estudos relataram mais bolhas ao usar a técnica de cone único e dez 

relataram que a compactação lateral a frio apresentou um alto número de bolhas. Cinco estudos 

relataram menor porcentagem de bolhas usando carreadores de guta-percha, três apresentaram 

a compactação vertical a quente com menor prevalência de gaps e bolhas e dois relataram baixa 

porcentagem de bolhas associada à técnica termoplastificada injetável. Esta revisão sistemática 

mostrou que nenhuma técnica obturadora executada em dentes extraídos e avaliada por micro-

CT é livre de bolhas ou gaps. 

 

 Esta revisão sistemática foi registrada no banco de dados PROSPERO (CRD42021235037). 

 

Palavras-Chave: Endodontia. Obturação do canal radicular. Micro-CT. Revisão sistemática. 

  



 
 

ABSTRACT 

This systematic review aimed to investigate the influence of the filling technique on the 

quality of fillings evaluated by computerized microtomography (micro-CT). The bibliographic 

search was carried out in six electronic databases (PubMed, Cochrane, Scopus, Web of Science, 

EMBASE and Open Gray). The search strategy was developed using MeSH terms and text 

words (tw.), combining the following terms: ‘Root canal filling’, ‘Root canal obturation’, 

‘Obturation technique’, ‘Root canal filling technique’, ‘Dentin penetration’, ‘Tubule 

penetration’, ‘Gaps’, ‘Voids’, ‘Empty space’, ‘MicroCT’, ‘Micro-CT’, ‘Microcomputed 

tomography’. The eligibility criteria, based on the PIO strategy, were: (P) ex vivo studies that 

used micro-CT to analyze the root canal filling quality; (I) root canal filling using different 

techniques; (O) quality of the filling (presence of empty spaces, gaps and penetration into the 

tubular dentin). The risk of bias (RoB) of the included studies was assessed through an 

adaptation based on previous systematic reviews. The initial search of the databases resulted in 

249 studies. One hundred and forty-eight studies were excluded because they were duplicated. 

Of the 101 eligible studies, 31 met the inclusion criteria and were selected for full reading. Two 

studies were excluded because they evaluated repair material (MTA). Twenty-nine studies were 

included for analysis, thirteen were at high risk of bias, fourteen were moderate and only two 

were at low risk of bias. Four studies reported more voids when using single cone technique 

and ten reported that cold lateral compaction showed a high number of voids. Five studies 

reported lower percentage of voids using carrier-based gutta-percha, three presented warm 

vertical compaction with lower prevalence of gaps and voids and two reported low percentage 

of voids associated with the thermoplastic injectable technique. This systematic review showed 

that any obturation technique performed in extracted teeth and assessed by micro-CT is void or 

gap-free. 

 

This systematic review was registered on the PROSPERO database (CRD42021235037).  

 

Keywords: Endodontics. Root canal filling. Micro-CT. Systematic review. 
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1 INTRODUÇÃO 

O objetivo principal do tratamento endodôntico é a diminuição significativa de 

microrganismos e seus produtos em polpas não vitais através da combinação da 

instrumentação do sistema de canais radiculares, associada à limpeza química e posterior 

obturação com um material inerte (NG et al., 2007). Esta etapa final do tratamento, que 

consiste na obturação dos canais radiculares, visa um preenchimento tridimensional e 

compacto, oferecendo condições de reparo dos tecidos perirradiculares (MARTINS et al., 

2011). 

O sucesso do tratamento endodôntico tem natureza multifatorial, ou seja, o 

sucesso clínico deste tipo de tratamento depende de vários fatores, incluindo o 

conhecimento da morfologia do canal radicular e todo o processo desde o acesso a câmara 

pulpar e instrumentação até a conclusão da obturação e a restauração do dente tratado 

endodonticamente (KALENDER et al., 2013). Canais radiculares não tratados, obturação 

pouco compactada, sobreobturação ou preenchimento insuficiente dos canais radiculares 

(mais de 2mm aquém do ápice radicular) podem ser identificados como possíveis razões 

para o insucesso do tratamento (BÜRKLEIN et al., 2020). 

Portanto, é possível afirmar que a qualidade da obturação radicular interfere no 

prognóstico para o dente tratado endodonticamente (KIRKEVANG; HØRSTED-

BINDSLEV, 2002). O desejado é que a obturação seja o mais compacta possível, na 

tentativa de isolar microrganismos remanescente e prevenir novo crescimento 

microbiano, evitando alterações inflamatórias periapicais subsequentes. Quando 

inadequada, a obturação está associada com aumento da taxa de periodontite apical 

(BÜRKLEIN et al., 2020).  

No entanto, a realização adequada desta etapa do tratamento depende de uma 

adequada limpeza e modelagem do sistema de canais radiculares (KALENDER et al., 

2013) e é desafiada por vários fatores, como a complexa anatomia dos sistemas de canais 

radiculares que interfere no escoamento dos materiais obturadores pelas irregularidades 

dos canais radiculares, podendo resultar em um preenchimento deficiente, gerando 

espaços vazios dentro da massa obturadora (bolhas) e na interface entre a obturação e a 

dentina (gaps) (GILLEN et al., 2011). Além disso, a técnica obturadora empregada e as 

propriedades dos materiais utilizados nesta etapa do tratamento, especialmente os 

cimentos endodônticos, influenciam na qualidade final da obturação (HAMMAD; 
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QUALTROUGH; SILIKAS, 2009; JAWORSKA; KIERKLO, 2016). 

Visto que o volume de espaços vazios e gaps na obturação pode comprometer o 

sucesso do tratamento endodôntico, esses parâmetros devem ser considerados para 

determinar a qualidade dos materiais e técnicas obturadoras empregadas (WU et al., 

2003). Na Endodontia, a microtomografia computadorizada (micro-CT) tem sido usada 

para avaliação da anatomia interna dos dentes, da morfologia dos canais após preparo 

químico-mecânico e para qualificar a obturação dos canais radiculares (VERSIANI; 

PÉCORA; DE SOUSA-NETO, 2012). Em comparação com técnicas de imagem 

convencionais, como microscopia eletrônica de varredura, microscopia confocal e 

estereomicroscopia, a micro-CT oferece vantagens, incluindo as reconstruções 3D da 

amostra sem o requisito de seccioná-las e a possibilidade de digitalização repetida e 

manipulação de imagem usando softwares específicos (JUNG; LOMMEL; KLIMEK, 

2005; KIERKLO et al., 2014). Com isso, ao longo dos anos, diferentes técnicas de 

obturação foram propostas e vem sendo avaliadas em estudos ex vivo para avaliar a 

qualidade da obturação através de micro-CT (HO; CHANG; CHEUNG, 2016; LI, J. et 

al., 2020; ROIZENBLIT et al., 2019; SOMMA et al., 2011). 

A condensação lateral a frio é uma das técnicas mais conhecidas e utilizadas entre 

os cirurgiões-dentistas e consiste na colocação de cones de guta-percha auxiliares 

lateralmente a um cone principal associado ao uso de um cimento obturador. Contudo, 

esta técnica foi relacionada a obturações pouco homogêneas, ou seja, com grandes 

quantidades de cimento endodôntico e problemas com a capacidade de selamento apical 

(DE-DEUS et al., 2008b; PENG et al., 2007). Como uma tentativa de solucionar esses 

problemas, foram desenvolvidas técnicas de obturação com guta-percha 

termoplastificada, à medida que a guta-percha é aquecida, ela se torna mais plástica e se 

adapta melhor às irregularidades do sistema de canais radiculares (DE-DEUS et al., 

2008a). 

Na técnica desenvolvida por McSpadden, preconizava-se a compactação da guta-

percha por meio do calor desenvolvido pela rotação de um compactador com uma 

aparência semelhante a uma lima Hedstroem invertida (BEATTY; VERTUCCI; 

HOJJATIE, 1988; GILHOOLY et al., 2001). Já na técnica híbrida de Tagger, foi proposta 

uma associação entre a técnica de condensação lateral e a técnica de compactação 

termomecânica de McSpadden, combinando o uso do compactador de McSpadden e um 

cone de guta-percha principal bem adaptado à porção apical, atuando como uma barreira 
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para minimizar o extravasamento de material obturador (TAGGER et al., 1984). 

A técnica da compactação vertical a quente consiste em preencher o espaço do 

canal radicular com guta-percha termoplastificada com o uso de um transportador de calor 

e uma fina camada de cimento, que posteriormente são condensados apicalmente com um 

condensador a frio (DE-DEUS et al., 2008b). Entretanto, estes tipos de técnicas de 

obturação podem ser associadas à risco de extravasamento de material e formação de 

vazios e lacunas ao longo da obturação, visto que quando aquecida, a guta-percha se 

expande e durante o resfriamento se contrai (MOELLER et al., 2013; PENG et al., 2007).   

Técnicas injetáveis termoplastificadas foram introduzidas para melhorar a 

homogeneidade e a adaptação da guta-percha à superfície. Sistemas como Obtura II 

(Obtura Spartan, Fenton, MI, EUA) e Gutta Flow (Coltene/Whaledent, Altstätten, Suíça) 

foram desenvolvidos com o objetivo de superar as falhas de extrusão apical e 

encolhimento na condensação termoplastificada (ELDEEB, 1985; ÖZOK et al., 2008). 

Já na técnica de obturação por termoplastificação não injetável, a guta-percha do tipo alfa 

é depositada em carreadores especiais (LI et al., 2014) . Nesse método, a forma alfa de 

guta-percha, rígida em temperatura ambiente, torna-se viscosa e pegajosa em 

temperaturas mais altas (MARCIANO; MICHAILESCO, 1989; MARLIN; SCHILDER, 

1973) e mais adaptável ao carreador e às paredes dentinárias (SHIPPER et al., 2004). Os 

fabricantes de sistemas obturadores como GuttaCore (Dentsply Tulsa Dental Specialties, 

Tulsa, OK, EUA) e Thermafil (Dentsply Tulsa Dental Specialties), que utilizam este 

método de termoplastificação, afirmam que estes dispositivos aumentam a compressão 

da guta-percha contra as paredes do canal radicular e o fluxo do material obturador para 

os canais laterais (KABINI et al., 2018). 

O Sistema de condensação em ondas contínuas é comumente considerado uma 

das técnicas de obturação radicular mais eficazes (GOLDBERG; ARTAZA; DESILVIO, 

2001; KECECI; CELIK UNAL; SEN, 2005), mas também é percebido como um método 

desafiador e que apresenta uma curva de aprendizado relativamente alta 

(MIRFENDERESKI et al., 2009). A técnica consiste no posicionamento do cone 

principal com cimento obturador e introdução de um condensador conectado a um 

gerador de calor para plastificar a guta-percha apical (SOMMA et al., 2011). Alguns 

autores afirmam que este método poderia gerar considerável tensão vertical e lateral, o 

que poderia aumentar o risco de fratura do dente em questão (BLUM; MACHTOU; 

MICALLEF, 1998; SHEMESH; WESSELINK; WU, 2010). 
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Dispositivos ultrassônicos, equipamentos comuns em consultórios odontológicos 

modernos, também podem ser utilizados para auxiliar na obturação de canais radiculares. 

Quando operado a seco, o calor de fricção gerado por um instrumento de ultrassom pode 

ser usado para plastificar a guta-percha durante a obturação (HO; CHANG; CHEUNG, 

2016). Alguns estudos mostraram que a obturação usando energia ultrassônica produz 

boa adaptação da guta-percha às irregularidades da superfície do canal com menos 

espaços vazios (BAILEY et al., 2004; DEITCH et al., 2002). 

As técnicas de obturação com guta-percha termoplastificada têm sido relatadas 

como vantajosas para o tratamento de canais radiculares irregulares (CELIKTEN et al., 

2016), enquanto a técnica de cone único  ganhou popularidade por ser considerada de 

fácil aplicação, curto tempo de procedimento e baixo custo (CAVENAGO et al., 2012). 

Neste método, o cone de guta-percha atua apenas como um transportador e caminho para 

o retratamento, sendo o sistema de canais sendo preenchido predominantemente pelo 

cimento endodôntico. Além disso, é uma técnica menos dependente do operador e que 

potencialmente reduz os danos às paredes dentinárias (KO et al., 2020), entretanto, pode 

deixar vários vazios em canais de formato irregular (KIM et al., 2018). 

Percebendo a importância da qualidade da obturação para o sucesso do tratamento 

endodôntico e as vastas opções de diferentes técnicas obturadoras descritas na literatura 

atualmente, o objetivo desta revisão sistemática de literatura é responder a seguinte 

pergunta: “A técnica obturadora influencia na qualidade de obturações avaliadas por 

micro-CT?”. 
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2 OBJETIVOS 

2.1 Objetivo Geral 

 Avaliar as evidências científicas disponíveis referentes as diferentes técnicas 

obturadoras e sua influência na qualidade de obturações avaliadas por Micro-CT.  

 

2.2 Objetivos Específicos 

 Verificar e avaliar as evidências científicas que tenham verificado as diferentes 

técnicas obturadoras e sua influência na qualidade de obturações de dentes extraídos 

analisados em micro-CT quanto ao risco de viés e o nível de qualidade de evidência 

cientifica encontrada. 
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3 ARTIGO CIENTÍFICO 

 Este artigo será submetido no periódico International Endodontic Journal, e 

portanto, está formatado segundo as normas da revista. 

 

ABSTRACT 

Background Due to the importance of the quality of root canal filling for the success of 

the endodontic treatment and the various techniques described in the literature, the 

volume of gaps and voids in root canal fillings should be considered when determining 

the efficiency and quality of a filling material or technique, since these aspects can 

compromise the treatment’s success rate. 

Objectives To evaluate the scientific evidence available by analyzing the different filling 

techniques and their influence on the quality of root canal filling evaluated by micro-CT.  

Methodology A systematic search of articles published until December 2020 was 

performed using MeSH and text words in the PubMed, Cochrane Library, LILACS, 

SciELO, Web of Science, EMBASE, Open Grey, and Grey Literature databases. The 

search strategy was developed using MeSH terms and text words (tw.). The eligibility 

criteria, based on the PIO strategy, were: (P) ex vivo studies that used micro-CT to 

analyze the root canal filling quality; (I) root canal filling using different techniques; (O) 

quality of the filling (presence of empty spaces, gaps and sealer penetration into the 

tubular dentin). The risk of bias (RoB) of the included studies was assessed through an 

adaptation based on previous systematic reviews. Relevant findings were summarized 

and evaluated. The overall quality of evidence was assessed through the Grading of 

Recommendations Assessment, Development, and Evaluation (GRADE) tool. 

Results The initial search of the databases resulted in 249 studies. One hundred and forty-

eight studies were excluded because they were duplicated. Of the 101 eligible studies, 31 

met the inclusion criteria and were selected for full reading. Two studies were excluded 

because they evaluated repair material (MTA). Twenty-nine studies were included for 

analysis, thirteen were at high risk of bias, fourteen were moderate and only two were at 

low risk of bias. Four studies reported more voids when using single cone technique and 

ten reported that cold lateral compaction showed a high number of voids. Five studies 

reported lower percentage of voids using carrier-based gutta-percha, three presented 
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warm vertical compaction with lower prevalence of gaps and voids and two reported low 

percentage of voids associated with the thermoplastic injectable technique.  

Conclusions This systematic review showed that any obturation technique performed in 

extracted teeth and assessed by micro-CT is void or gap-free. 

 

INTRODUCTION 

Root canal treatment aims to eliminate vital or necrotic tissues, bacteria and 

endotoxins from the canal system and fill this space with gutta-percha and endodontic 

sealers (Azim et al. 2016). Root canal filling prevents bacterial migration and 

proliferation into the canals or periodontium (Kalender et al. 2013), ensuring a higher 

success rate of the treatment (Kirkevang & Hørsted-Bindslev 2002, Tavares et al. 2009). 

To achieve a successful obturation, physicochemical properties of the filling 

materials (sealers and core material) and the obturation technique must be taken into 

consideration. Gutta-percha has been used since the late 1800s as an inert core material 

for filling root canal spaces in conjunction with different sealers. Sealers are used to fill 

root canal complexities, such as dentinal tubules, ramifications, and isthmus, that are not 

filled by gutta-percha (Cruse & Bellizzi 1980).  

However, an adequate obturation of the root canal system involves several 

challenges, as the complex root canal anatomy, that interferes with the adherence and the 

homogeneity of the filling materials. Poor adhesion may create voids in the interface 

between filling material and dentin, which facilitates bacterial movement toward the 

apical third of the root, potentially leading to apical periodontitis (Gillen et al. 2011). 

Thus, the volume of gaps and voids in root canal fillings should be considered when 

determining the efficiency and quality of a filling material or technique, since these can 

compromise the treatment’s success rate (Wu et al. 2003).  

Micro-computed tomography (micro-CT) analysis has been used in endodontics 

to determine the area and volume of root canals in extracted teeth (Oi et al. 2004, Peters 

et al. 2000), to assess the efficiency of root canal preparation techniques (Gambill et al. 

1996, Peters et al. 2003) and more recently, to determine the quality of the root canal 

filling (Celikten et al. 2015, Ho et al. 2016).  

In comparison with conventional imaging techniques, such as scanning electron 
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microscopy, confocal microscopy and stereomicroscopy, micro-CT offers several 

advantages, including a non-invasive three-dimensional reconstruction method, the 

existence softwares that highlight porosities, material, and interface defects in high 

details, as well as the relative facility in handling the equipment and software (Jung et al. 

2005, Rodrigues et al. 2009). 

Several filling techniques have been proposed and evaluated in ex-vivo studies, 

such as cold lateral compaction (Jaworska et al. 2015, Simsek et al.  2017, Suassuna et 

al.  2018), warm vertical compaction (Alshehri et al. 2016, Ko et al. 2020, Naseri et al. 

2013), Tagger’s hybrid technique (Martins et al. 2011, Nhata et al. 2014), single-cone 

technique (Alim; & Berker 2020, Ko et al. 2020, Suassuna et al. 2018), thermoplastic 

compaction (Jaworska & Kierklo 2016, Kierklo et al. 2014), carrier-based gutta-percha 

technique (Kabini et al. 2018, Martins et al. 2011, Zogheib et al.  2013) and ultrasonic 

activation of the sealer previously to obturation (Alcalde et al.  2017, Guimarães et al. 

2014).  

Due to the importance of the quality of root canal filling for the success of the 

endodontic treatment (Azim et al. 2016, Tavares et al. 2009) and the various techniques 

described in the literature (Alcalde et al. 2017, Alim & Berker 2020, Kierklo et al. 2014, 

Ko et al. 2020, Martins et al. 2011, Nhata et al. 2014, Suassuna et al. 2018), the aim of 

this systematic review was to evaluate the scientific evidence available by analyzing the 

different filling techniques and their influence on the quality of root canal filling 

evaluated by Micro-CT and to answer the following research question: "Does the 

obturation technique influences the filling quality of teeth?". 

 

MATERIAL AND METHODS  

 

 This systematic review was registered in the PROSPERO database 

(CRD42021235037) and was developed following Preferred Reporting Items for 

Systematic Review and Meta-Analysis (PRISMA) recommendations (http://www 

prisma-statement.org). 
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Literature Search   

 The literature search was conducted in six electronic databases (PubMed, 

Cochrane, Scopus, Web of Science, EMBASE and Open Grey). The search included 

articles published until December 2020 without language or year restriction and were 

performed by two independent reviewers (N.B.A and G.B.S). The search strategy was 

developed using Medical Subject Heading (MeSH) terms and text words (tw.), combining 

the following terms: “Root canal filling”; “Root canal obturation”; “Obturation 

technique”; “Root canal filling technique”; “Dentin penetration”; “Tubule penetration”; 

“Gaps”; “Voids”; “Empty spaces”; “MicroCT”; “Micro-CT”; “Microcomputed 

tomography”. The Boolean operators “AND" and “OR” were applied to combine the 

terms and create the search results.   

  The search strategies for each database and findings are presented in 

Supplementary File 1. All articles selected were imported into Zotero reference manager 

to catalogue references and exclude duplicates.  

 

Eligibility criteria  

 The eligibility criteria were performed using PIO strategy (PRISMA-P 2015) 

(Leong et al. 2020, Moher et al. 2015, Pérez-González et al. 2020) following this scheme:  

 

* Population (P): extracted teeth 

* Intervention (I): root canal filling with different obturation techniques  

* Outcome (O): filling quality (presence of voids and gaps or empty spaces, dentin and 

tubule penetration)  

 

 Only ex-vivo studies that evaluated extracted teeth filled with different obturation 

techniques by micro-computed tomography. 

 Studies in animal models, randomized and non-randomized studies, systematic 

reviews with and without meta-analysis, literature reviews, longitudinal studies, opinion 

articles, letters, conference resumes, case reports, series of cases and ex vivo studies 

evaluating the quality of root canal filling by methods other than micro-computed 

tomography were excluded. 
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Selection of studies  

Two authors (N.B.A. and G.B.S.) were responsible for selection of studies and 

examining the retrieved titles and abstracts of the selected studies. Duplicates were 

identified and excluded. When it was not possible to judge the studies by title and abstract, 

the full text was assessed.   

The next stage consisted of reading the full texts based on the eligibility criteria 

through the PIO strategy. In case of disagreement of study inclusion, a third experienced 

author (T.W.) assessed the study.  

 

 

 

Data extraction 

Two authors (N.B.A. and G.B.S.) independently collected the data from the 

included studies. Disagreements were solved by a third author (T.W.). The following data 

were extracted: name of author(s); year of publication; sample size; group of teeth, root 

canal preparation technique; obturation technique; micro-CT scan parameters; evaluated 

parameters; outcomes; and main findings. In cases of missing data, the authors were 

contacted by email at least three times. 

 

Risk of bias  

Due to the absence of a specific tool to evaluate the risk of bias in ex vivo studies, 

risk of bias of the included studies was evaluated using an adaptation based on previous 

systematic reviews (Gorman et al. 2016, Silva et al., 2018). 

The following parameters were assessed: 

* Description of sample size calculation; 

* Selection and pairing of samples by micro-CT; 

* Description of micro-CT parameters: 

- The following were considered: Description of the device used, kV, 

mA/uA, voxel/pixel size, rotation angle, rotation step, exposure time, filters and/or 

corrections; 

* Description of obturation technique: 

- The following were considered: Description of the endodontic sealer, 

description of the core material, description of the obturation technique; 

* Blinding of evaluators; 
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* Description of statistical analysis. 

 

Each included study was judged with “yes” when parameters were founded, and 

“no" in case of parameters absence. In studies presenting partial data, authors were 

contacted at least three times by e-mail. If data was not possible to be achieved, 

parameters presenting partial data were judged as “no”. Articles with only one or two 

parameters were classified as high risk of bias; three or four parameters as moderate risk 

of bias; and five or more parameters, low risk of bias. Two authors (N.B.A. and G.B.S) 

evaluated independently the methodological quality of each study and a third author 

(T.W.) validated analysis. 

 

RESULTS 

Study Selection  

 Figure 1 presents the flow diagram of the search strategy. Initial identification 

through database searching resulted in 259 studies, in which 148 were excluded as they 

were duplicates. 31 records were selected after title and abstract reading (Alhashimi et al. 

2016, Alim & Berker 2020, Alshehri et al. 2016, Angerame et al. 2012, Başer Can et al. 

2016, Castagnola et al. 2018, Celikten et al. 2015, El-Ma’aita et al. 2012, Ho et al. 2016, 

Iglecias et al. 2017, Jaworska & Kierklo 2016, Kabini et al. 2018, Keleş et al. 2014, Keleş 

et al. 2017, Keleş & Keskin 2019, Kierklo et al. 2014, Ko et al. 2020, Li et al. 2014, Li 

et al. 2020, Martins et al. 2011, Mirfendereski et al. 2009, Moeller et al. 2013, Moinzadeh 

et al. 2015, Naseri et al. 2013, Nhata et al. 2014, Roizenblit et al. 2019, Selem et al. 2014, 

Simsek et al. 2017, Somma et al. 2011, Suassuna et al. 2018, Zogheib et al. 2012). After 

full text reading, two studies were excluded for having used MTA as an endodontic sealer 

(El-Ma’aita et al. 2012, Keleş et al. 2017). Therefore, twenty-nine studies were included 

for final analysis.  

 

Data extraction  

 Table 1 presents the characteristics and main findings of the included studies.  

 The corresponding author of the studies with insufficient data were contacted by 

e-mail, but no additional information was obtained.  
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 Regarding the group of teeth, eight studies used only mandibular molars (Alim & 

Berker 2020, Alshehri et al. 2016, Ho et al. 2016, Iglecias et al. 2017, Keleş & Keskin 

2019, Martins et al. 2011, Roizenblit et al. 2019, Simsek et al. 2017), one study used 

maxillary molars (Naseri et al. 2013), nineteen studies used only single rooted teeth 

(Alhashimi et al. 2016, Angerame et al. 2012, Başer Can et al. 2016, Castagnola et al. 

2018, Celikten et al. 2015, Jaworska & Kierklo 2016, Kabini et al. 2018, Keleş et al. 

2014, Kierklo et al. 2014, Ko et al. 2020, Li et al. 2014, Li et al. 2020, Mirfendereski et 

al. 2009, Moinzadeh et al. 2015, Nhata et al. 2014, Selem et al. 2014, Somma et al. 2011, 

Suassuna et al. 2018, Zogheib et al. 2012) and one study used mandibular molars and 

single-rooted teeth (Moeller et al. 2013). 

 As for the obturation technique, three studies evaluated thermoplasticized 

injectable technique (Ho et al. 2016, Naseri et al. 2013, Simsek et al. 2017), sixteen used 

cold lateral compaction (Alim & Berker 2020, Başer Can et al. 2016, Celikten et al. 2015, 

Ho et al. 2016, Jaworska & Kierklo 2016, Keleş et al. 2014, Kierklo et al. 2014, Li et al. 

2014, Martins et al. 2011, Moeller et al. 2013, Moinzadeh et al. 2015, Naseri et al. 2013, 

Nhata et al. 2014, Selem et al. 2014, Simsek et al. 2017, Suassuna et al. 2018), ten  

evaluated carrier-based gutta-percha systems (Alhashimi et al. 2016, Alim & Berker 

2020, Castagnola et al. 2018, Celikten et al. 2015, Kabini et al. 2018, Li et al. 2014, 

Martins et al. 2011, Mirfendereski et al. 2009, Somma et al. 2011, Zogheib et al. 2012), 

one study used a polyethylene–hydroxyapatite carrier-based system (Alhashimi et al. 

2016), fifteen used the single-cone technique (Alim & Berker 2020, Alshehri et al. 2016, 

Angerame et al. 2012, Başer Can et al. 2016, Castagnola et al. 2018, Celikten et al. 2015, 

Iglecias et al. 2017, Kabini et al. 2018, Keleş & Keskin 2019, Ko et al. 2020, Li et al. 

2020, Moinzadeh et al. 2015, Roizenblit et al. 2019, Somma et al. 2011, Suassuna et al. 

2018), eight studies evaluated continuous wave of condensation (Alim & Berker 2020, 

Angerame et al. 2012, Iglecias et al. 2017, Jaworska & Kierklo 2016, Kierklo et al. 2014, 

Nhata et al. 2014, Roizenblit et al. 2019, Somma et al. 2011), three studies employed the 

Tagger’s  hybrid technique (Martins et al. 2011, Nhata et al. 2014, Suassuna et al. 2018), 

six studies used warm vertical compaction (Alshehri et al. 2016, Keleş et al. 2014, Ko et 

al. 2020, Li et al. 2014, Naseri et al. 2013, Selem et al. 2014).  

 Concerning root canal preparation, two studies performed preparation with 

manual files and a final apical size between #30 and #35 (Alhashimi et al. 2016, Kierklo 

et al. 2014). One study used self-adjusting file (Simsek et al. 2017), four studies prepared 
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the root canals with the ProFile® system with a final preparation diameter ranging from 

#30.06 to #35.04 (Ho et al. 2016, Jaworska & Kierklo 2016, Kierklo et al. 2014, Moeller 

et al. 2013), two studies used Revo-S #25.06 (Keleş et al. 2014, Simsek et al. 2017), nine 

studies performed preparation with ProTaper files with a final diameter varying from 

#25.06 to #30.09 (Alim & Berker 2020, Alshehri et al. 2016, Celikten et al. 2015, Kabini 

et al. 2018, Ko et al. 2020, Martins et al. 2011, Mirfendereski et al. 2009, Naseri et al. 

2013, Somma et al. 2011). Two studies used Mtwo files with a final diameter of #30.06 

and #40.06 (Angerame et al. 2012, Moinzadeh et al. 2015). One study prepared the canals 

up to a #40.08 diameter, with TF Files system (Zogheib et al. 2012). Three studies 

performed preparation with Reciproc instruments with final diameter ranging from 

#25.08 to #50.05 (Iglecias et al. 2017, Keleş & Keskin 2019, Suassuna et al. 2018). One 

study prepared the root canals with the Hero File with a final size of #45.02 (Nhata et al. 

2014). Two studies performed root canal preparation with Vortex Blue® files, up to a final 

diameter of #30.04 and #40.04 (Li et al. 2014, Li et al. 2020). One study used 

EndoSequence #40.05 files (Başer Can et al.  2016). One study performed preparation 

with WaveOne #45.05 (Castagnola et al. 2018). Two studies used K3XF for root canal 

preparation and final preparation diameter ranging from #30.04 to #40.06 (Roizenblit et 

al. 2019, SELEM et al., 2014). 

 When considering micro-CT scan parameters, a wide range of voxel size was 

observed, from 4µm to 30µm (Alhashimi et al. 2016, Alim & Berker 2020, Alshehri et 

al. 2016, Angerame et al. 2012, Başer Can et al. 2016, Castagnola et al. 2018, Celikten 

et al. 2015, Ho et al. 2016, Iglecias et al. 2017, Jaworska & Kierklo 2016, Kabini et al. 

2018, Keleş et al. 2014, Keleş & Keskin 2019, Kierklo Keleş et al. 2014, Ko et al. 2020, 

Li et al. 2014, Li et al. 2020, Martins et al. 2011, Mirfendereski et al. 2009, Moeller et 

al. 2013, Moinzadeh et al. 2015, Naseri et al. 2013, Nhata et al. 2014, Roizenblit et al. 

2019, Selem et al. 2014, Simsek et al. 2017, Somma et al. 2011, Suassuna et al. 2018, 

Zogheib et al. 2012) 

 Regarding the kilovoltage (kV) used for the micro-CT scanning, sixteen studies 

used kV varying from 90-110kV (Alshehri et al. 2016, Angerame et al. 2012, Başer Can 

et al. 2016, Castagnola et al. 2018, Celikten et al. 2015, Ho et al. 2016, Iglecias et al. 

2017, Jaworska & Kierklo 2016, Keleş et al. 2014, Keleş & Keskin 2019, Kierklo et al. 

2014, Ko et al. 2020, Li et al. 2020, Martins et al. 2011, Simsek et al. 2017, Somma et 

al. 2011), ten studies used kV between 50-80kV (Alhashimi et al. 2016, Alim & Berker 
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2020, Castagnola et al. 2018,  Keleş & Keskin 2019, Mirfendereski et al. 2009, Nhata et 

al. 2014, Roizenblit et al. 2019, Selem et al. 2014, Suassuna et al. 2018) and three studies 

did not report this information (Kabini et al. 2018, Naseri et al. 2013, Zogheib et al. 

2012).  

 Twenty-two studies reported microampere (µA) ranging from 50-100µA 

(Alhashimi et al. 2016, Alim & Berker 2020, Alshehri et al. 2016, Angerame et al. 2012, 

Başer Can et al. 2016, Castagnola et al. 2018, Celikten et al. 2015, Ho et al. 2016, 

Jaworska & Kierklo 2016, Keleş et al. 2014, Keleş & Keskin 2019, Kierklo Keleş et al. 

2014, Ko et al. 2020, Li et al. 2020, Martins et al. 2011, Mirfendereski et al. 2009, 

Moeller et al. 2013, Moinzadeh et al. 2015, Nhata et al. 2014, Roizenblit et al. 2019, 

Simsek et al. 2017, Somma et al. 2011), four studies used µA varying from 222µA to 

800µA (Iglecias et al. 2017, Li et al. 2014, Selem et al. 2014, SUASSUNA et al., 2018) 

and three studies did not report this information (Kabini et al. 2018, Naseri et al. 2013, 

Zogheib et al. 2012).  

 Considering exposure time, four studies employed exposure time between 300ms 

and 600ms (Alim & Berker 2020, Ko et al. 2020, Li et al. 2020, Moinzadeh et al. 2015), 

five studies used 1700ms to 2800ms (Alshehri et al. 2016, Başer Can et al. 2016, Keleş 

et al. 2014, Keleş & Keskin 2019, Simsek et al. 2017), seven studies took 3000ms to 

5900ms (Alhashimi et al. 2016, Angerame et al. 2012, Castagnola et al. 2018, Li et al. 

2014, Naseri et al. 2013, Selem et al. 2014, Somma et al. 2011) and thirteen studies did 

not report this information ( Celikten et al. 2015, Ho et al. 2016, Iglecias et al. 2017, 

Jaworska & Kierklo 2016, Kabini et al. 2018, Kierklo et al. 2014, Martins et al. 2011, 

Mirfendereski et al. 2009, Moeller et al. 2013, Nhata et al. 2014, Roizenblit et al. 2019, 

Suassuna et al. 2018, Zogheib et al. 2012). 

 Seven studies configurated  a rotational angle of 180°  (Başer Can et al. 2016, 

Castagnola et al. 2018, Keleş et al. 2014, Ko et al. 2020, Naseri et al. 2013, Simsek et al. 

2017, Somma et al. 2011), fifteen studies reported 360º (Alhashimi et al. 2016, Alshehri 

et al. 2016, Celikten et al. 2015, Ho et al. 2016, Iglecias et al. 2017, Jaworska & Kierklo 

2016, Kabini et al. 2018, Keleş et al. 2014, Keleş & Keskin 2019, Kierklo et al. 2014, Li 

et al. 2020, Mirfendereski et al. 2009, Roizenblit et al. 2019, Selem et al. 2014, Zogheib 

et al. 2012) and seven studies did not report this information (Alim & Berker 2020, 

Angerame et al. 2012, Martins et al. 2011, Moeller et al. 2013, Moinzadeh et al. 2015, 

Nhata et al. 2014, Suassuna et al. 2018). When considering rotation step, thirteen studies 
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reported rotation step varying  from 0.2º to 0.5º (Alhashimi et al. 2016, Alshehri et al. 

2016, Angerame et al. 2012, Başer Can et al. 2016, Castagnola et al. 2018, Iglecias et al. 

2017, Jaworska & Kierklo 2016, Keleş & Keskin 2019, Kierklo et al. 2014, Ko et al. 

2020, Li et al. 2020, Roizenblit et al. 2019, Somma et al. 2011), nine studies reported a 

rotation step ranging from 0.6º to 1.5º  (Ho et al. 2016, Kabini et al. 2018, Keleş et al. 

2014, Li et al. 2014, Mirfendereski et al. 2009, Naseri et al. 2013, Selem et al. 2014, 

Simsek et al. 2017, Zogheib et al. 2012) and seven studies did not report the rotation step 

(Alim & Berker 2020, Celikten et al. 2015, Martins et al. 2011, Moeller et al. 2013, 

Moinzadeh et al. 2015, Nhata et al. 2014, Suassuna et al. 2018) 

 As for the evaluated outcomes, the majority of the studies, except one (Ho et al. 

2016), evaluated the presence of voids, and six studies evaluated for gaps (Alhashimi et 

al. 2016, Alshehri et al. 2016, Li et al. 2014, Selem et al. 2014, Simsek et al. 2017, 

Zogheib et al. 2012). 

 Finally, regarding the outcomes and main findings none of the obturation 

technique was void- or gap-free. Five studies reported more voids when using single cone 

technique (Alim & Berker 2020, Başer Can et al. 2016, Castagnola et al. 2018, Iglecias 

et al. 2017, Kabini et al. 2018), on the other hand, two studies reported less voids 

associated with this technique (Moinzadeh et al. 2015, Suassuna et al. 2018). Nine studies 

reported that cold lateral compaction showed a high number of voids (Ho et al. 2016, 

Jaworska & Kierklo 2016, Keleş et al. 2014, Li et al. 2014, Moinzadeh et al. 2015, Naseri 

et al. 2013, Nhata et al. 2014, Selem et al. 2014, Suassuna et al. 2018) and two studies 

showed low number of voids (Alim & Berker 2020, Başer Can et al. 2016). Two studies 

reported more voids when using continuous wave of condensation (Mirfendereski et al. 

2009, Alim & Berker 2020) and three studies reported less voids when using the same 

technique (Iglecias et al. 2017, Jaworska & Kierklo 2016, Nhata et al. 2014). Four studies 

reported lower percentage of voids using carrier-based gutta-percha (Castagnola et al. 

2018, Kabini et al. 2018, Li et al. 2014, Mirfendereski et al. 2009). Three studies 

presented warm vertical compaction with lower prevalence of gaps and voids (Keleş et 

al. 2014, Li et al. 2014, Selem et al. 2014). Two studies reported low percentage of voids 

associated with the thermoplastic injectable technique (Ho et al. 2016, Naseri et al. 2013) 

and two studies associated with the Tagger’s hybrid technique (Nhata et al. 2014, 

Suassuna et al. 2018)  
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Quality assessment 

 Table 2 summarizes the risk of bias of the included studies. 

 From twenty-nine studies included, two studies were considered as having a low 

risk of bias (Keleş et al. 2014, Keleş & Keskin, 2019). Fourteen studies were considered 

as having a moderate risk of bias (Alhashimi et al. 2016, Alshehri et al. 2016, Başer Can 

et al. 2016, Iglecias et al. 2017, Li et al. 2014, Li et al. 2020; Mirfendereski et al. 2009, 

Moeller et al. 2013, Moinzadeh et al. 2015, Roizenblit et al. 2019, Selem et al. 2014, 

Simsek et al. 2017, Somma et al. 2011, Suassuna et al. 2018) with major concerns 

regarding to the sample selection, sample size calculation and blinding of evaluator. 

Thirteen studies were considered as having a high risk of bias (Alim & Berker 2020, 

Angerame et al. 2012, Castagnola et al. 2018, Celikten et al. 2015, Ho et al. 2016, 

Jaworska & Kierklo 2016, Kabini et al. 2018, Kierklo et al. 2014, Ko et al. 2020, Martins 

et al. 2011, Naseri et al. 2013, Nhata et al. 2014, Zogheib et al. 2012) with major concerns 

regarding to the sample selection, sample size calculation, blinding of evaluator, and 

flaws in the description of the micro-CT scan parameters. 

 

DISCUSSION  

 

 Voids and gaps in root canal obturation can denote a poor quality of the 

endodontic treatment. It is also known that voids and gaps are associated to bacterial 

leakage and probably a future endodontic failure (Gillen et al. 2011. Wu et al. 2003). 

Despite the various materials and techniques used for root canal filling described in the 

literature, it is necessary to assess the impact of the filling techniques on the incidence of 

voids and gaps in the root canal filling. Therefore, this systematic review searched for ex 

vivo studies that evaluated the influence of the obturation technique on the quality of root 

canal filling assessed by micro-CT. 

 This study was performed with a careful methodology, registered in the 

PROSPERO database. Six electronic databases were searched to provide a solid source 

of knowledge. Selection criteria was based on studies that indicate that micro-CT 

assessment present a more reliable and accurate data on the quality of the root canal filling 

(Sousa-Neto et al. 2018). Besides, micro-CT also enable the tridimensional and 

volumetric evaluation of the root canal filling and, for consequence, the presence of voids 

and gaps (Jung et al. 2005, Rodrigues et al. 2009). 
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 A specific tool was performed to evaluate the risk of bias in ex vivo studies. Risk 

of bias of the included studies was evaluated using an adaptation based on previous 

systematic reviews (Gorman et al. 2016, Silva et al., 2018). The evaluated parameters 

were selected by the authors considering the aspects that can interfere in the analysis of 

the quality on a root canal treatment. 

 Risk of bias assessment From the twenty-nine studies included, two studies were 

considered as having a low risk of bias (Keleş et al. 2014, Keleş & Keskin, 2019). 

Fourteen studies were considered as having a moderate risk of bias (Alhashimi et al. 2016, 

Alshehri et al. 2016, Başer Can et al. 2016, Iglecias et al. 2017, Li et al. 2014, Li et al. 

2020; Mirfendereski et al. 2009, Moeller et al. 2013, Moinzadeh et al. 2015, Roizenblit 

et al. 2019, Selem et al. 2014, Simsek et al. 2017, Somma et al. 2011, Suassuna et al. 

2018) with major concerns regarding to the sample selection, sample size calculation and 

blinding of evaluator. Thirteen studies were considered as having a high risk of bias (Alim 

& Berker 2020, Angerame et al. 2012, Castagnola et al. 2018, Celikten et al. 2015, Ho et 

al. 2016, Jaworska & Kierklo 2016, Kabini et al. 2018, Kierklo et al. 2014, Ko et al. 

2020, Martins et al. 2011, Naseri et al. 2013, Nhata et al. 2014, Zogheib et al. 2012) with 

major concerns regarding to the sample selection, sample size calculation, blinding of 

evaluator, and flaws in the description of the micro-CT scan parameters. 

 Of the twenty-nine included studies, only five described the sample selection and 

pairing by micro-CT scans (Li et al. 2020, Keles et al. 2014, Iglecias Et Al. 2017, Keles 

& Keskin 2019, Roizenblit et al. 2019). Both parameters are essential to avoid selection 

bias because errors in this step could jeopardize the outcomes and the measurement of 

the data. The absence of anatomical matching of teeth at the baseline can impair the 

outcome evaluation and conclusions (De Deus et al. 2012).  As consequence, these studies 

present poor internal validity (Babb et al. 2009).       

 Regarding micro-CT parameters, twelve studies apprised this domain (Ko et al. 

2020, Alshehri et al. 2016, Alhashimi et al. 2016, Li et al. 2020, Keles et al. 2014, Başer 

Can et al. 2016, Castagnola et al. 2018, Keles & Keskin 2019, Selem et al. 2014, Li et al. 

2014, Somma et al.2011). The description of micro-CT parameters is essential to permit 

reproducibly of the study and results could be compared with other studies in the future. 

A flaw in the description of parameters may hide some outcomes that could not be 

evaluated by futures studies due to absence of the entire data in the previous articles. 

 Evaluating Micro-CT Scan Parameters a wide range of voxel size was observed, 

from 4µm to 30µm (Alhashimi et al. 2016, Alim & Berker 2020, Alshehri et al. 2016, 
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Angerame et al. 2012, Başer Can et al. 2016, Castagnola et al. 2018, Celikten et al. 2015, 

Ho et al. 2016, Iglecias et al. 2017, Jaworska & Kierklo 2016, Kabini et al. 2018, Keleş 

et al. 2014, Keleş & Keskin 2019, Kierklo et al. 2014, Ko et al. 2020, Li et al. 2014, LI, 

J. et al., 2020; Mirfendereski et al. 2009, Moeller et al. 2013, Moinzadeh et al. 2015, 

Naseri et al. 2013, Nhata et al. 2014, Roizenblit et al. 2019, Selem et al. 2014, Simsek et 

al. 2017, Somma et al. 2011, Suassuna et al. 2018, Zogheib et al. 2012). Another studies 

discuss differences in the quality of the micro-CT images and a consequent interpretation 

of the results when the voxel size was changed. The best resolution was achieved with 

values closer to 20µm (Yang et al. 2011, Sousa-Neto et al. 2018). Then, a voxel size set 

closer to 20µm could result on a better analysis of the fillings and a possibly greater 

appearance of voids and gaps. 

 

 Only six studies reported sample size calculation (Keles et al. 2014, Başer Can et 

al. 2016, Moinzadeh et al. 2015, Keles & Keskin 2019, Roizenblit et al. 2019, 

Mirfendereski et al. 2009).  A correct sample size calculation can prevent the occurrence 

of type II statistical error (i.e., when statistical differences are not observed because the 

sample size was so small that the test could not detect) (Akobeng, 2016). Therefore, a 

small sample size could interfere in the results. 

 Finally, only five studies showed blinding of the evaluators (Simsek et al. 2017, 

Suassuna et al. 2018, Alshehri et al. 2016, Celikten et al. 2015, Moeller et al. 2013). The 

blinding of the evaluator is important to avoid bias of data mensuration. Due to these 

failures, only two studies were classified as low risk of bias (Keles & Keskin 2019, Keles 

et al. 2014). All studies reported the statistical analysis performed.   

 When assessing the main findings, five studies reported more voids when using 

the single cone technique, compared to the techniques of cold lateral compaction (Alim 

& Berker 2020, Başer Can et al. 2016), carrier-based gutta-percha (Castagnola et al. 2018, 

Kabini et al. 2018) and continuous wave of condensation (Iglecias et al. 2017). This can 

be explained due to the difficult to control the portion of sealer around the gutta-percha 

cone, producing a non-uniform filling causing a poor sealer adaptation (Kabini et al. 

2018). Another hypothesis is because a single round cone difficultly would fit without 

gaps on an irregular-shaped canal (Weis et al. 2004). However, the single cone technique 

is more effective using a paired gutta-percha cone with the system of rotary and 

reciprocating files instead of hand files (Gordon et al. 2005). Besides, the single cone 

technique can be improved using bioceramic or epoxy resin-based sealers instead zinc 
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oxide and eugenol-based sealer that have more dimensional stability (Carvalho Junior et 

al. 2007). Bioceramic sealers also can expand through hygroscopic expansion after 

setting time (Ha et al. 2017). Furthermore, ultrasonic activation of the sealer can promote 

a better flow and filling of the canal irregularities decreasing the presence of gaps and 

voids, regardless of the technique used. (Alcalde et al. 2017, Guimarães et al. 2014). 

 Nine studies reported that cold lateral compaction showed a high number of voids, 

compared to warm vertical compaction (Keleş et al. 2014, Li et al. 2014, Selem et al. 

2014), single-cone technique (Moinzadeh et al. 2015, Suassuna et al. 2018), 

thermoplasticized injectable technique (Ho et al. 2016, Naseri et al. 2013), continuous 

wave of condensation technique (Jaworska & Kierklo 2016, Nhata et al. 2014) and hybrid 

Tagger technique (Nhata et al. 2014, Suassuna et al. 2018). This finding can be justified 

when the filling, after lateral compaction, is generally gutta-percha cones tightly pressed 

together, but still separated (Marciano et al. 2011), and a poorer adaptation of the gutta-

percha cone to the canal walls can be the result of an inadequate pressure during 

compaction with finger spreaders (Peng et al. 2007). Besides the fact that gutta-percha 

does not adhere to the canal walls, and it is possible to move during compaction. Gutta-

percha has poorer flow ability compared to the sealer and probably would not fill the 

canal irregularities, letting voids and gaps on an irregular-shaped canal (Weis et al. 2004). 

 This systematic review reveals that four studies reported lower percentage of 

voids using carrier-based gutta-percha compared to single-cone technique (Castagnola et 

al. 2018, Kabini et al. 2018), cold lateral compaction (Li et al. 2014) and continuous wave 

of condensation technique (Mirfendereski et al. 2009).  Carrier-based gutta-percha id 

composed by a two-phase gutta-percha (i.e., alpha- and beta-phase). In the alfa-phase, the 

gutta-percha that cover the core, is more adhesive and, when heated, becomes highly 

flowable helping in the adaptation to the canal walls and to the irregularities (Combe et 

al. 2011). 

 Regarding warm vertical compaction three studies presented lower prevalence of 

gaps and voids when this technique was compared to cold lateral compaction (Keleş et 

al. 2014, Li et al. 2014, Selem et al. 2014). The application of a heater during compaction 

enables that the filling material flow toward the canal irregularities and enhance the 

adaptation of the filling material with the main and lateral canals (Tanomaru et al. 2011, 

Venturi et al. 2006). As the same, when compared to cold lateral compaction, two studies 

reported low percentage of voids associated with the thermoplastic injectable technique 
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(Ho et al. 2016, Naseri et al. 2013).  These results can be justified by the better flow of 

gutta-percha when used in injectable systems. When plasticized, gutta-percha results in a 

better homogeneous mass with less voids and better adaptation to the root canal walls 

(De-Deus et al. 2006). 

 Due to the heterogeneity of the methodological aspects (i.e., group of teeth, canal 

preparation technique, endodontic sealers used, micro-CT parameters, blinding of 

evaluators) of the evaluated studies, a meta-analysis was not possible to be performed. 

Another limitation of the study is that it was not possible to establish a possible relation 

between all micro-CT scan parameters and the analysis of micro-CT images because 

some studies did not describe this aspects.  

 The success of endodontic treatment has a multifactorial nature, and the influence 

of the filling technique is only one of the parameters to be considered. The clinical success 

of this type of treatment depends on several other factors, such as the apical limit of the 

root canal filling, the endodontic sealer, the pulp and periapical pathological condition, 

some systemic, diseases, and the fact that it is a primary or secondary treatment. 

Further systematic reviews are needed to individually assess each of the 

parameters that can influence the clinical success of this type of treatment. In addition, 

more randomized, non-randomized clinical trials, longitudinal studies, and systematic 

reviews should be performed to assess the success and survival rates of endodontically 

teeth considering these multiple factors that impact the result of endodontic treatments. 

 

CONCLUSION 

This systematic review showed that any obturation technique performed in 

extracted teeth is void or gap-free. The presence of gaps and voids in the root canal filling 

depends on many factors, such as the internal anatomy of the teeth, preparation technique, 

filling material, filling technique and the clinical dentist expertise.  
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Table 1. Characteristics of the included studies. 

Author(s) - 

(Year of 

publication

) 

Sample 

Size 

(Per 

Group) 

Group of 

teeth 

Root canal 

preparation 

technique 

Obturation 

Technique 
Micro-CT Scan 

Parameters 
Evaluated 

Parameters 
Outcomes 

Main 

Findings 

Alhashimi 

et al. 

(2016) 

N = 8 

(n=4) 
Maxillary 

canines 

Manual (up to 

size #30) 

HA/PE: Composite 

carrier-based 

hydroxyapatite-

reinforced 

polyethylene 

 

CB: Carrier-based 

gutta-percha 

(GuttaCore + AH Plus 

sealer) 

Voxel size: 6.5 μm 

kV: 80 

µA: 80 

Exposure time: 

3100ms 

Rotational angle: 360o 

Rotation step: 0.4o 

Volume of 

voids and 

gaps. 

 

HA/PE carrier-based 

composite has higher 

flexibility than CB and 

comparable sealing 

ability; 

 

Therefore, this newly 

developed HA/PE 
obturation system may 

be considered as a 

suitable alternative for 

root-canal obturation. 

 

Obturation 

with 

GuttaCore 

showed a 

lower 

percentage of 

voids volume 

than 

obturation 

with the 

experimental 

HA/PE 
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Alim and 

Berker 

(2020) 

N = 60 

(n=15) 
Mandibular 

first molars 
ProTaper Next 

(17.04- 25.06) 

CLC: Cold Lateral 

Compaction technique 

(GP + AH Plus sealer) 

 

SC: Single-cone 

technique (GP + AH 

Plus sealer) 

 

CWC: Continuous 

Wave of 

Condensation 

technique (GP + AH 

Plus sealer) 

 

CB: Carrier-based 

gutta-percha 

(GuttaCore + AH Plus 

sealer) 

Voxel Size: 20 μm 

kV: 70 

µA: 114 

Exposure time: 600ms 

Void area 

 

The percentage of filled 

area at 2 mm was the 

lowest for SC; 

 

At 5 mm, CLC and CB 

presented lower number 

of voids compared to 

SC and CWC. 

 

At 8 mm, the filled area 

was similar for all 

techniques. 

 

 

 

 

The most 

successful 

techniques at 

2 and 5mm 

were CLC 

and CB, 

respectively; 

 

All 

techniques 

can be used 

for effective 

filling as long 

as a good 

condensation 

is achieved. 
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Alshehri et 

al. (2016) 
N = 32 

(n=16) 

Mandibular 

first molar 

teeth 

ProTaper F3 

(30.09) 

WV: Warm vertical 

compaction (GP + AH 

Plus sealer) 

 

SC: Single-cone 

technique (GP + AH 

Plus sealer) 

Voxel Size: 8.99 μm 

kV: 100 

µA: 100 

Exposure time: 

1700ms 

Rotational angle: 360o 

Rotation Step: 0.4o 

Percentage 

and volume of 

voids/gaps. 

Voids were more often 

found in canals 

obturated using WV 

compared to SC. 

The quality 

of obturation 

in the apical 

third of the 

root with the 

WV and SC 

is 

comparable. 

Angerame 

et al. 

(2012) 

N = 24 

(n=12) 
Single-rooted 

teeth 
Mtwo Files 

(10.04 - 30.06) 

SC: Single-cone 

technique (GP + AH 

Plus sealer) 

 

CWC: Continuous 

Wave of 

Condensation 

technique (GP + AH 

Plus sealer) 

 

Voxel size: 19.1 μm 

kV: 100 

µA: 98 

Exposure time: 5.9s 

Rotation step: 0.45o 

Volume of 

voids. 

Both techniques 

demonstrated good 

filling ability; 

 

No difference between 

the groups was found in 

percentage of filling 

material volume and 

voids. 

No difference 

of root canal 

filling ability 

and void 

between the 

filling 

techniques. 
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Baser Can 

et al. 

(2016) 

N = 30 

(n=10) 

Single-rooted 

premolar 

teeth 

Endosequence 

(40/0.06) 

CLC: Cold Lateral 

Compaction technique 

(GP + EndoREZ) 

 

CLC: Cold Lateral 

Compaction technique 

(GP + AH Plus sealer) 

 

SC: Single-cone 

technique (ActiV GP 

Root Canal Obturation 

System) 

Voxel size: 13.68μm 

kV: 100 

µA: 100 

Exposure time: 

2000ms 

Rotational angle: 180o 

Rotation step: 0.4° 

Percentage of 

canal filling 

and voids. 

The percentage volume 

of filling material in SC 

was significantly lower 

than in the CLC groups 

(with no significant 

difference between 

them); 

 

The percentage volume 

of voids in the SC was 

significantly higher than 

in the CLC groups (with 

no significant difference 

between them); 

 

The analysis of middle 

thirds showed that there 

was no significant 

difference between the 

three groups with 

respect to percentage 

volume of voids. 

None of the 

systems 

achieved 

completely 

homogeneous

, void-free 

root fillings; 

 

SC was 

associated 

with a higher 

percentage 

volume of 

voids than the 

other groups. 
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Castagnola 

et al. 

(2018) 

N = 40 

(n=20) 
Single-rooted 

teeth 

Pathfiles 

(15.02) 

WaveOne 

Large (45.05) 

SC: Single-cone 

technique (GP + AH 

Plus sealer) 

 

CB: Carrier-based 

gutta-percha 

(GuttaCore Obturator) 

Voxel size: 19.14μm 

kV: 100 

µA: 98 

Exposure time: 

5900ms 

Rotational angle: 180o 

Rotation step: 0.45° 

Presence 

(Frequency) 

and Mean 

(mm3) of 

internal, 

external and 

combined 

voids. 

SC showed a 

statistically significant 

high frequency of 

combined and external 

voids in the coronal 

third. CB showed a 

statistically significant 

low frequency of 

external voids in the 

coronal third of the 

canal. 

Even if no 

samples were 

free of voids 

in this study, 

CB in vitro is 

better and 

more 

adaptable 

than the SC. 

Celikten et 

al. (2015) 
N = 30 

(n=10) 

First 

mandibular 

premolars 

ProTaper F3 

(30.09) 

SC: Single-cone 

technique (GP + 

EndoSequence BC 

Sealer) 

 

CLC: Cold Lateral 

Compaction technique 

(GP + EndoSequence 

BC Sealer) 

 

CB: Carrier-based 

gutta-percha 

(Thermafil + 

EndoSequence BC 

Sealer) 

Voxel size: 13.47 μm 

kV: 100 

µA: 100 

Rotational angle: 360o 

 

Presence and 

volume of 

voids. 

 

 

There were no 

differences in relation to 

filling material volume 

or voids. The obturation 

techniques had 

comparable filling 

characteristics; 

 

The SC technique had 

the largest void 

volumes, and CB the 

smallest void volumes, 

at all levels. 

Voids were 

present for all 

root filling 

obturation 

techniques. 
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Ho et al. 

(2016) 
N = 33 

(n=11) 
Mandibular 

first molars 
ProFile 

(30/0.06) 

CLC:  Cold Lateral 

Compaction technique 

(GP without sealer) 

 

UL: Energized warm 

lateral compaction 

with ultrasonic 

spreader (GP without 

sealer) 

 

TT: 

Thermoplasticized 

Injectable Technique 

(GP + Obtura II) 

Voxel size: 7.9μm 

kV: 100 

µA: 100 

Rotational angle: 360o 

Rotation step: 1.5° 

Percentage 

volume of GP 

and the 

amount of GP 

present in 

every 2 mm 

segment of 

the canal. 

The overall gutta-percha 

volume was 

significantly lower in 

CLC group than in UL 

and TT groups; 

 

In UL and TT, the 

density of gutta-percha 

increased significantly 

towards the coronal 

aspect; 

 

The mean volume 

fraction of the root canal 

space occupied by GP 

was significantly lower 

in the CLC than in UL 

or TT, with no 

significant differences 

between UL and TT. 

TT and UL 

produced a 

comparable 

quality of GP 

obturation in 

the root canal 

system, with 

significantly 

denser root 

filling than 

was observed 

in CLC. 
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Iglecias et 

al. (2017) 
N = 24 

(n=12) 

Mesial canals 

of 

mandibular 

molar teeth 

Reciproc Blue 

R25 (25.08) 

SC: Single-cone 

technique (GP + AH 

Plus selaer) 

 

CWC: Continuous 

Wave of 

Condensation 

technique (GP + AH 

Plus selaer) 

Voxel size: 17.42mm 

kV: 90 

µA: 278 

Rotational angle: 360o 

Rotation step: 0.5° 

Percentage 

volume of 

voids and 

filling 

material. 

In the cervical third, 

CWC was associated 

with a significantly 

lower mean percentage 

of voids than SC; 

 

SC group showed 

similar filling material 

volumes in all root canal 

thirds. In CWC group, 

the coronal third 

presented significantly 

greater volume of filling 

material when compared 

with middle and apical 

thirds. 

The SC 

technique 

yields similar 

obturation 

quality except 

in the coronal 

third when 

compared 

with the 

CWC in 

curved 

canals. 
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Jaworska 

and Kierklo 

(2016) 

N = 80 

(n=20) 
Single-rooted 

teeth 

S-file (35/0.02) 

 

or 

 

ProFile system 

(35/0.04) 

CWC: Continuous 

Wave of 

Condensation 

technique (GP + 

Tubli-Seal - System B 

+ Obtura II) 

 

 

CLC: Cold Lateral 

Compaction (GP + 

Tubli-Seal) 

Voxel size: 12μm 

kV: 110 

µA: 50 

Rotational angle: 360o 

Rotation step: 0.2° 

Number and 

volume 

(mm3) of 

internal voids 

(i-voids) and 

external voids 

(e-voids). 

In the apical third of the 

root, there was no 

statistically significant 

differences in the 

volume of i-voids and e-

voids; 

 

In the middle and 

coronal thirds, the mean 

volume of i-voids was 

statistically significantly 

higher among CLC 

compared to CWCh. 

There was 

statistically 

significant 

difference in 

the volume of 

i-voids only 

in the middle 

and coronal 

third, with 

higher among 

the CLC 

canals 

compared to 

CWC. 

Kabini et 

al. (2018) 
N = 90 

(n=30) 
Central 

incisor teeth 

ProTaper Files 

(18.02 - 30.09) 

CB: Carrier-based 

gutta-percha 

(GuttaCore + AH Plus 

sealer) 

 

SC: Single-cone 

technique (GP + AH 

Plus sealer) 

 

CB: Carrier-based 

gutta-percha 

Voxel size: 15 μm 

Rotational angle: 360o 

Rotation step: 0.6o 

Volume of 

voids. 

Voids for SC was found 

to be greater than that of 

CB (Thermafil) and CB 

(GuttaCore); 

 

Both CB groups showed 

good sealing ability in 

root canals compared 

with the SC. 

 

 

None of the 

materials was 

gap-free 

especially at 

1mm from 

apex. 
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(Thermafil + AH Plus 

sealer) 

Keleş and 

Keskin 

(2019) 

N = 20 

(n=10) 

Mesial roots 

of 

mandibular 

first molars 

Reciproc Blue 

R25 (25.08) 

SC: Single-cone 

technique (GP + AH 

Plus selaer) 

 

WV: Vertical 

compaction technique 

(BeeFill + GP + AH 

Plus sealer) 

Voxel size: 9μm 

kV: 90 

µA: 111 

Exposure time: 

1800ms 

Rotational angle: 360o 

Rotation step: 0.5° 

Void and 

filling 

percentages. 

No significant 

difference of void and 

filling percentages 

values of the SC and 

WV techniques. 

Similar void 

and filling 

percentages 

values of the 

SC and WV 

techniques. 

Keles et al. 

(2014) 
N = 24 

(n=12) 

Single-rooted 

maxillary 

premolars 

Revo-S 

(25/0.06) 

CLC: Cold Lateral 

Compaction technique 

(GP + AH Plus sealer) 

 

WV: Warm vertical 

compaction (GP Dia-

Gun Obturation 

System + AH Plus 

sealer) 

Voxel size: 12.5 μm 

kV: 90 

µA: 112 

Exposure time: 

2600ms 

Rotational angle: 180o 

Rotation step: 0.6° 

Percentage of 

canal filling 

and voids. 

WV had a significantly 

smaller void volume 

than CLC in the coronal 

and middle thirds, and 

no statistical difference 

between groups was 

observed in the volume 

of filling materials in 

middle level; 

 

In the apical third, there 

was no significant 

differences in the 

No filling 

technique 

produced 

void-free root 

canal fillings; 

 

WV was 

associated 

with a lower 

percentage 

volume of 

voids than 

CLC. 
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percentage volume of 

filling materials and 

voids between groups. 

Kierklo et 

al. (2014) 
N =80 

(n=20) 

 

Mandibular 

premolars 

Manual S Files 

(15.02 - 35.02) 

 

ProFile 

(25.04 - 35.04) 

CLC: Cold Lateral 

Compaction technique 

(GP + TubliSeal) 

 

CWC: Continuous 

Wave of 

Condensation 

technique (GP + 

TubliSeal) 

Voxel size: 10.6 μm 

kV: 110 

µA: 50 

Rotational angle: 360o 

Rotation step: 0.2o 

Voids, 

internal voids 

and parietal 

voids. 

CLC produced voids 

mainly between the 

canal wall and the 

filling; 

 

With CWC, the internal 

voids were particularly 

common, except for in 

the apical third of the 

canal where there were 

mostly parietal voids. 

None of the 

root canal 

instrumentati

on and filling 

methods 

Produced 

void-free 

obturation 
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Ko et al. 

(2020) 

Main 

canal 

obturati

on: N = 

30 

(n=10) 

 

Accesso

ry canal 

fillings: 

N = 75 

(N=25) 

Single-rooted 

teeth 
ProTaper F3 

(30.09) 

SC: Single-cone 

technique (GP + 

EndoSeal TCS) 

 

SC/UA: Single-cone 

technique with 

Ultrasonic activation 

(GP + EndoSeal TCS) 

 

WV: Warm vertical 

compaction (GP + 

EndoSeal TCS) 

Voxel Size: 30 μm 

kV: 100 

µA: 100 

Exposure time: 316ms 

Rotational angle: 180o 

Rotation step: 0.4o 

Percentage 

and volume of 

voids. 

It is recommended to 

use ultrasound when 

technique is used with 

calcium silicate sealers; 

 

SC has the potential to 

be used as a useful 

method for root canal 

filling if it is adequately 

applied. 

 

Voids were 

found in all 

the groups 

and there was 

no significant 

difference 

between 

groups. 

Li et al. 

(2014) 
N = 30 

(n=10) 
Single-rooted 

premolars 
Vortex Blue 

(40/0.04) 

CB: Carrier-based 

gutta-percha 

(GuttaCore Obturator 

+ ThermaSeal Plus 

sealer) 

 

WV: Warm vertical 

compaction (GP + 
ThermaSeal Plus 

sealer) 

 

CLC: Cold Lateral 

Compaction technique 

Voxel size: 14.52μm 

kV: 50 

µA: 800 

Exposure time: 

4000ms 

Rotational angle: 360o 

Rotation step: 0.9° 

Gaps and 

voids. 

There were no 

statistically significant 

differences in the 

volumetric distribution 

of gaps and voids 

between CLC and WV 

techniques, and between 

WV and CB; 

 

Significantly higher 

percentages of gaps, 

interfacial gaps and 

voids were found in 

None of the 

obturation 

techniques 

produced 

completely 

gap- and 

void-free root 

fillings; 

 

Both CB and 

WV, in turn, 

had 

significantly 

lower 

incidences of 
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(GP + ThermaSeal 

Plus sealer) 
CLC, when compared 

with CB. 
gaps and 

voids than 

LCL. 

Li et al. 

(2020) 
N = 20 

(n=10) 
Mandibular 

premolars 
Vortex Blue 

(20.04 - 30.04) 

NPS + SC: Apical 

Negative Pressure 

sealer application 

combined with the 

Single-cone (GP + 

iRoot SP sealer) 

 

SS + SC: Syringe-

assisted sealer 

application combined 

with the Single-cone 

(GP + iRoot SP 

sealer) 

Voxel size: 10μm 

kV: 90 

µA: 88µ 

Exposure time: 500ms 

Rotational angle: 360o 

Rotation step: 0.5o 

Volume 

percentage of 

voids. 

 

 

The combination of 

NPS delivery and a 

single size- and taper-

matching GP master 

cone produces fewer 

voids than the single-

cone technique. 

 

 

Voids were 

identified in 

all teeth from 

both groups. 

The 

percentage of 

voids in the 

NPS + SC 

group was 

significantly 

lower than 

the SS +SC 

group. 
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Martins et 

al. (2011) 
N = 15 

(n=5) 
Mandibular 

molars teeth 
ProTaper Files 

(18.02 - 30.09) 

CLC: Cold Lateral 

Compaction technique 

(GP + AH26 sealer) 

 

HT: Hybrid Tagger 

technique (GP + 

AH26 sealer) 

 

CB: Carrier-based 

gutta-percha 

(Thermafil+ AH26 

sealer) 

Voxel size: 5 μm 

kV: 100 

µA: 100 

 

Volume of 

voids. 

No statistical 

significance between the 

three techniques; 

 

The CLC obtained the 

best results in regarding 

an appropriate apical 

seal. 

None of the 

tested 

techniques 

allowed a 

filling free of 

voids 

Mirfendere

ski et al. 

(2009) 

N = 32 

(n=16) 
Single-rooted 

teeth 

ProTaper 

Universal up to 

F3 or F4 

CB: Carrier-based 

gutta-percha 

(ProTaper Universal 

Obturator System) 

 

CWC: Continuous 

Wave of 

Condensation (System 

B) 

Voxel size: 7μm 

kV: 75 

µA: 100 

Rotational angle: 360o 

Rotation step: 0.9° 

Void and 

obturation 

volume. 

CB had a significantly 

smaller void volume 

than CWC. 

CB had a 

smaller void 

volume than 

CWC. 

Moeller et 

al. (2013) 

N = 67 

(n=34 

and 33) 

17 

mandibular 

molars, 46 

Profile 

(35/0.04) 

CLC:  Cold Lateral 

Compaction technique 

(GP + AH Plus sealer) 

Voxel size: 10μm 

kV: 70 

Proportion 

and 

distribution of 

There was a tendency 

that CLC resulted in 

fewer voids in the apical 

No 

statistically 

significant 

difference in 
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premolars 

and 4 canines 
 

HT: Hybrid technique 

(GP master cone with 

AH Plus sealer + 

Thermafil) 

µA: 85 cross-sections 

with voids. 
than in the cervical part 

of the root filling. The 

opposite pattern was 

seen for HT; 

 

In relation to the 

proportion of micro-CT 

sections with voids, the 

two root filling 

techniques did not differ 

significantly. 

percentage of 

voids 

between two 

root filling 

techniques; 

 

A 40% 

reduction in 

obturation 

time was 

found for the 

HT compared 

to the CLC. 

Moinzadeh 

et al. 

(2015) 

N = 20 

(n=10) 

Maxillary 

and 

mandibular 

canines 

Mtwo 

(40/0.06) 

SC: Single-cone 

technique (GP + 

Smartpaste Bio) 

 

CLC: Cold Lateral 

Compaction technique 

(GP + Smartpaste 

Bio) 

Voxel size: 10μm 

kV: 70 

µA: 114 

Exposure time: 300ms 

Percentage 

volume of 

voids and 

filling 

material. 

SC exhibited 

significantly less 

percentage of voids (in 

the coronal and middle 

thrids) and lower 

median percentage of 

voids than CLC. 

The 

percentage of 

voids 

associated 

with CLC 

was found to 

be 

significantly 

higher than 

SC. 
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Naseri et al. 

(2013) 
N = 20 

(n=5) 
Maxillary 

first molars 

ProTaper Files 

(18.02 - 30.09) 

CLC: Cold Lateral 

Compaction technique 

(GP + AH26 sealer) 

 

WV: Warm vertical 

compaction (GP + 

AH26 sealer) 

 

TT: 

Thermoplasticized 

Injectable Technique 

(Obtura II + GP + 

AH26 sealer) 

 

TT: 

Thermoplasticized 

Injectable Technique 

(Gutta Flow + AH 26 

sealer) 

Voxel size: 19.5 μm 

Exposure time: 

3000ms 

Rotational angle: 180o 

Rotation step: 0.9o 

Volume 

percentage of 

voids and 

obturation 

materials. 

TT (GuttaFlow) and 

CLC had the highest 

and the lowest volume 

percentage of obturation 

materials, respectively; 

 

TT (Obtura II) and CLC 

had the lowest and the 

highest volume 

percentage of voids, 

respectively. 

None of the 

root canal 

filled teeth 

were gap-

free. 
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Nhata et al. 

(2014) 
N = 30 

(n=10) 
Mandibular 

incisors 
Hero Files 

(45.02) 

CLC: Cold Lateral 

Compaction technique 

(GP + AH Plus sealer) 

 

CWC: Continuous 

Wave of 

Condensation 

technique (GP + AH 

Plus sealer) 

 

HT: Hybrid Tagger 

technique (GP + AH 

Plus sealer) 

Voxel size: 22.6 μm 

kV: 70 

µA: 140 

 

Filling voids. 

Less voids were 

observed when GP was 

heated within the root 

canal on with CWC and 

HT when compared to 

CLC; 

 

CLC was associated 

with more voids than 

the other techniques. 

 

Presence of 

voids at the 

interface 

between the 

root canal 

and the filling 

material in all 

filling 

techniques. 

Roizenblit 

et al. 

(2019) 

N = 20 

(n=10) 
Mandibular 

molars 
K3 files 

(30/0.04) 

SC: Single-cone 

technique (GP + 

EndoSequence BC 

sealer) 

 

CWC: Continuous 

wave of Condensation 

technique (GP + AH 

Plus sealer) 

Voxel size: 14.8mm 

kV: 70 

µA: 114 

Rotational angle: 360o 

Rotation step: 0.3° 

Void and 

obturation 

volume. 

There was not 

significantly different 

between the groups; 

 

All specimens had a 

lower filling volume 

than the post-

instrumentation volume. 

No sample 

reached the 

complete 

filling of the 

root canal 

system and 

there was no 

difference in 

the volume of 

voids 

between the 

groups. 
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Selem et al. 

(2014) 
N = 40 

(n=10) 
Single-rooted 

premolars 
K3XF (40/0.04 

– 0.06) 

WV-NGP: Warm 

Vertical compaction 

(Non–gutta-percha–

based filling material 

+ sealer) 

WV-GP:  Warm 

Vertical compaction 

(Gutta-percha + 

sealer) 

 

CLC-NGP: Cold 

Lateral Compaction 

technique (Non–gutta-

percha–based filling 

material + sealer) 

 

CLC-GP:  Cold 

Lateral Compaction 

technique (Gutta-

percha + sealer) 

Voxel size: 14.52μm 

kV: 50 

µA: 800 

Exposure time: 

4000ms 

Rotational angle: 360o 

Rotation step: 0.9° 

Gap and 

voids. 

There was no difference 

in the void area 

percentage distribution 

between the groups. 

However, significantly 

more canal areas were 

occupied by voids when 

CLC was used 

compared with those in 

the WV. 

None of the 

groups 

produced 

completely 

gap and void-

free fillings; 

 

Significantly 

more canal 

areas were 

occupied by 

voids when 

CLC was 

used 

compared 

with those in 

the WV. 

Şimşek et 

al. (2017) 
N = 40 

(n=10) 
Mandibular 

first molars 

SAF (Self-

adjusting file) 

 

Revo-S 

(25.04 - 25.06) 

TT: 

Thermoplasticized 

Injectable Technique 

(GP + AH Plus sealer) 

 

Voxel size: 13.7 μm 

kV: 100 

µA: 100 

Exposure time: 

2800ms 

Rotational angle: 180o 

Volume of 

filling, voids 

and gaps. 

All the tested techniques 

produced voids and 

gaps. 

None of the 

tested 

techniques 

produced 

void-free or 

gap-free 

fillings. 
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CLC: Cold Lateral 

Compaction technique 

(GP + AH Plus sealer) 

Rotation step: 0.6o 

Somma et 

al. (2011) 
N = 30 

(n=10) 
Single-rooted 

teeth 

ProTaper 

Universal (S1 

and S2; F1, F2 

and F3); 

Pathfiles (13, 

16 and 19) 

SC: Single-cone 

technique (GP + AH 

Plus sealer) 

 

CB: Carrier-based 

gutta-percha 

(Thermafil + AH Plus 

sealer) 

 

CWC: Continuous 

Wave of 

Condensation 

technique (System B 

+ AH Plus sealer) 

Voxel size: 19.1μm 

kV: 100 

µA: 98 

Exposure time: 

5900ms 

Rotational angle: 180o 

Rotation step: 0.45o 

Void and 

obturation 

volume. 

No statistically 

significant difference 

was found in percentage 

of filling material 

volume and void 

distribution. 

No difference 

in terms of 

root canal 

filling ability 

and void 

distribution 

were found 

amongst the 

three 

different 

filling 

techniques. 

The single-

point 

technique 

was more 

effective in 

narrow round 

canals. 
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Suassuna et 

al. (2018) 
N = 45 

(n=15) 
Inferior 

premolars 
Reciproc Files 

(40.06-50.05) 

CLC: Cold Lateral 

Compaction technique 

(GP + AH Plus sealer) 

 

SC: Single-cone 

technique (GP + AH 

Plus sealer) 

 

HT: Hybrid Tagger 

technique (GP + AH 

Plus sealer) 

Voxel size: 11 μm 

kV: 80 

µA: 222 

Number of 

voids and 

dimension. 

The micrometric 

evaluation methods 

(μCT and OCT) showed 

voids on the apical 

filling, frequently 

between GP 

cone/dentine and GP 

cone/cement interfaces; 

 

There are significant 

differences between 

obturation techniques 

with higher numbers for 

CLC. 

CLC 

showed the 

largest 

number of 

voids; 

 

No statistical 

difference for 
frequency 

and size of 

voids 

between the 

SC and HT. 

Zogheib et 

al. (2012) 
N = 54 

(n=27) 
Single-canal 

teeth 
TF Files (40.08) 

CB: Carrier-based 

gutta-percha 

(Thermafil + AH Plus 

sealer) 

 

CB: Carrier-based 

gutta-percha (RealSeal 

1 + AH Plus sealer) 

Voxel size: 4 μm 

Rotational angle: 360o 

Rotation step: 0.6o 

Area and 

volume of 

voids and 

gaps. 

Both filling techniques 

showed ability to fill the 

root canals; 

 

No difference in the 

percentage of voids in 

the apical third between 

both materials and at the 

3- or the 5- mm level; 

 

Both displayed different 

amounts of voids in 

obturations, with no 

Both CB 

techniques 

produced a 

good sealing 

ability in root 

canals, but 

none was gap 

free 



54 

 

 

significant difference 

between Thermafil and 

RealSeal. 

 

 

Table 2. The risk of bias of the included studies. 

Author(s) 
Sample Size 

Calculation 

Sample Selection 

and Pairing by 

Micro-CT 

Micro-CT 

Scan 

Parameters 

Obturation 

Technique 

Blinding of 

the Evaluators 

Statistical 

Analysis 
Risk of Bias 

Şimşek et al. (2017) No No Yes Yes Yes Yes MODERATE 

Kierklo et al. (2015) No No No Yes No Yes HIGH 

Kabini et al. (2018) No No No No No Yes HIGH 

Angerame et al. (2012) No No No Yes No Yes HIGH 

Zogheib et al. (2012) No No No No No Yes HIGH 

Martins et al. (2011) No No No Yes No Yes HIGH 

Suassuna et al. (2018) No No No Yes Yes Yes MODERATE 
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Alim & Berker (2019) No No No Yes No Yes HIGH 

Naseri et al. (2013) No No No Yes No Yes HIGH 

Alhashimi et al. (2016) No No Yes Yes No Yes MODERATE 

Ko et al. (2020) No No Yes No No Yes 
HIGH 

Alshehri et al. (2015) No No Yes Yes Yes Yes MODERATE 

Nhata et al.m (2014) No No No Yes No Yes HIGH 

Li et al. (2020) No Yes Yes Yes No Yes MODERATE 

Celikten et al. (2015) No No No No Yes Yes HIGH 

Keles et al. (2014) Yes Yes Yes Yes No Yes LOW 

Baser Can et al.(2016) Yes No Yes Yes No Yes MODERATE 

Castagnola et al. (2018) No No Yes No No Yes HIGH 

Moinzadeh et al. (2015) Yes No No Yes No Yes MODERATE 
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Iglecias et al. (2017) No Yes No Yes No Yes MODERATE 

Keleş & Keskin (2019) Yes Yes Yes Yes No Yes LOW 

Selem et al. (2014) No No Yes Yes No Yes MODERATE 

Li et al. (2014) No No Yes Yes No Yes MODERATE 

Ho et al. (2016). No No No Yes No Yes HIGH 

Moeller et al. (2013) No No No Yes Yes Yes MODERATE 

Somma et al. (2011) No No Yes Yes No Yes MODERATE 

Roizenblit et al. (2019) Yes Yes No Yes No Yes MODERATE 

Mirfendereski et al. (2009) Yes No No Yes No Yes MODERATE 

Jaworska & Kierklo (2016) No No No Yes No Yes HIGH 

 

 

 



56 
 

 

Figure 1. PRISMA flow diagram representing the systematic review process. 

 

  



57 
 

 

Supplementary File 1. Search strategy in each database. 

Database Search strategy Findings 

PubMed 

#1: (((((((root canal filling[MeSH Terms]) OR (root canal 

filling[Title/Abstract])) OR (root canal obturation[MeSH 

Terms])) OR (root canal obturation[Title/Abstract])) OR 

(obturation technique[MeSH Terms])) OR (obturation 

technique[Title/Abstract])) OR (root canal filling 

technique[MeSH Terms])) OR (root canal filling 

technique[Title/Abstract]) 

5.987 

#2: (((((((((dentin penetration[MeSH Terms]) OR (dentin 

penetration[Title/Abstract])) OR (tubule penetration[MeSH 

Terms])) OR (tubule penetration[Title/Abstract])) OR 

(gaps[MeSH Terms])) OR (gaps[Title/Abstract])) OR 

(voids[MeSH Terms])) OR (voids[Title/Abstract])) OR (empty 

spaces[MeSH Terms])) OR (empty spaces[Title/Abstract]) 

80.072 

#3: (((((MicroCT[MeSH Terms]) OR 

(MicroCT[Title/Abstract])) OR (Micro-CT[MeSH Terms])) OR 

(Micro-CT[Title/Abstract])) OR (microcomputed 

tomography[MeSH Terms])) OR (microcomputed 

tomography[Title/Abstract]) 

16.495 

#1 AND #2 AND #3 58 

Cochrane 

Library 

#1: (root canal filling):ti,ab,kw OR (root canal 

obturation):ti,ab,kw OR (obturation technique):ti,ab,kw OR 

(root canal filling technique):ti,ab,kw 

971 

#2: (dentin penetration):ti,ab,kw OR (tubule 

penetration):ti,ab,kw OR (gaps):ti,ab,kw OR (voids):ti,ab,kw 

OR (empty spaces):ti,ab,kw 

2.900 

#3: (dentin penetration):ti,ab,kw OR (tubule 

penetration):ti,ab,kw OR (gaps):ti,ab,kw OR (voids):ti,ab,kw 

OR (empty spaces):ti,ab,kw 

270 

#1 AND #2 AND #3 12 

Scopus 

#1 ( TITLE-ABS-KEY ( root  AND canal  AND filling )  OR  

TITLE-ABS-KEY ( root  AND canal  AND obturation )  OR  

TITLE-ABS-KEY ( obturation  AND technique )  OR  TITLE-

ABS-KEY ( root  AND canal  AND filling  AND technique ) ) 

12.367 
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#2 ( TITLE-ABS-KEY ( dentin  AND penetration )  OR  

TITLE-ABS-KEY ( tubule  AND penetration )  OR  TITLE-

ABS-KEY ( gaps )  OR  TITLE-ABS-KEY ( voids )  OR  

TITLE-ABS-KEY ( empty  AND spaces ) ) 

1.061.023 

#3 ( TITLE-ABS-KEY ( microct )  OR  TITLE-ABS-KEY ( 

micro-ct )  OR  TITLE-ABS-KEY ( microcomputed  AND 

tomography ) ) 

18.801 

#1 AND #2 AND #3 75 

Web of 

Science 

(All 

Databases) 

#1: TOPIC: (root canal filling) OR TOPIC: (root canal 

obturation) OR TOPIC: (obturation technique) OR TOPIC: (root 

canal filling technique) 

13.266 

#2: TOPIC: (dentin penetration) OR TOPIC: (tubule 

penetration) OR TOPIC: (gaps) OR TOPIC: (voids) OR TOPIC: 

(empty spaces) 

2.229.434 

#3: TOPIC: (MicroCT) OR TOPIC: (Micro-CT) OR TOPIC: 

(microcomputed tomography) 
21.248 

#1 AND #2 AND #3 71 

EMBASE 

#1: 'root canal filling':ti,ab,kw OR 'root canal 

obturation':ti,ab,kw OR 'obturation technique':ti,ab,kw OR 'root 

canal filling technique':ti,ab,kw 

1.994 

#2: 'dentin penetration':ti,ab,kw OR 'tubule penetration':ti,ab,kw 

OR gaps:ti,ab,kw OR voids:ti,ab,kw OR 'empty spaces':ti,ab,kw 
94.001 

#3: microct:ti,ab,kw OR 'micro ct':ti,ab,kw OR 'microcomputed 

tomography':ti,ab,kw 
17.175 

#1 AND #2 AND #3 33 

Open Grey 

#1: (“root canal filling” OR “root canal obturation” OR 

“obturation technique” OR “root canal filling technique”) 
27 

#2: (“dentin penetration” OR “tubule penetration” OR “gaps” 

OR “voids” OR “empty spaces”) 
1.285 

#3: (“MicroCT” OR “Micro-CT” OR “microcomputed 

tomography”) 
28 

#1 AND #2 AND #3 0 
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4 CONSIDERAÇÕES FINAIS 

 

Este estudo pode concluir que nenhuma técnica de obturação realizada em dentes 

extraídos e avaliada por micro-CT é capaz de dar origem a obturações do sistema de canais 

radiculares livres de bolhas ou gaps. A presença destas bolhas ou gaps na obturação do canal 

radicular depende de muitos fatores como anatomia interna dos dentes, técnica de preparo, 

material obturador, técnica de obturação e experiência clínica do dentista.  

Entretanto, é importante destacar que o sucesso do tratamento endodôntico tem natureza 

multifatorial, ou seja, a influência da técnica obturadora é apenas um dos parâmetros a ser 

considerado. O sucesso clínico deste tipo de tratamento depende de vários outros fatores, como 

o limite apical da obturação, o cimento endodôntico utilizado, o estado patológico pulpar, as 

condições sistêmicas do paciente e o fato de ser um tratamento primário ou secundário 

(retratamento).  

Nesta revisão sistemática foi proposto avaliar a influência de diferentes técnicas 

obturadoras na qualidade da obturação de dentes ex-vivo, através exclusivamente do método 

de micro-CT. Portanto, os achados deste estudo não podem ser extrapolados para a realidade 

clínica, visto que apenas um parâmetro foi analisado por meio de um método de análise 

específico.  

Outras revisões sistemáticas são necessárias para avaliar individualmente cada um dos 

parâmetros que podem influenciar o sucesso clínico deste tipo de tratamento. Além disso, é 

importante que mais ensaios clínicos randomizados, não randomizados, estudos longitudinais 

e revisões sistemáticas sejam executadas para avaliar a cicatrização tecidual considerando estes 

múltiplos fatores que impactam no resultado final dos tratamentos endodônticos.  
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