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RESUMO 
 
 

 

Barbosa IB. O emprego de metodologias não destrutivas na avaliação de 

instrumentos endodônticos [tese]. Niterói: Universidade Federal Fluminense, 

Faculdade de Odontologia; 2018. 

 

A fratura dos instrumentos endodônticos é uma preocupação constante na 

vida clínica do endodontista. As causas vêm sendo analisadas por meio da 

investigação das ligas com as quais os instrumentos são confeccionados, seus 

desenhos, bem como o desgaste ao longo do uso. O presente estudo analisou 

instrumentos endodônticos reciprocantes por meio de dois métodos não destrutivos 

com intuito de avaliar o mesmo instrumento antes e após cada uso em canais 

simulados. Os métodos utilizados foram perfilometria óptica 3D sem contato e 

microtomografia computadorizada de raios-x (micro-CT). Na primeira metodologia foi 

analisada a presença e surgimento de defeitos em áreas da região de passo dos 

instrumentos WaveOne e Reciproc. Na segunda metodologia foi realizado um estudo 

preliminar com o objetivo de investigar uma nova aplicação da micro-CT para 

geração de imagens externas e internas de um instrumento endodôntico (material de 

alta densidade). Considerando o método de perfilometria óptica 3D sem contato, os 

resultados demonstraram mais defeitos nos passos dos instrumentos WaveOne 

Primary em comparação ao Reciproc R25, independente do estágio de avaliação. A 

microtomografia computadorizada de raios-x permitiu a visualização da superfície 

externa e do núcleo do mesmo instrumento em diferentes momentos no processo de 

instrumentação, demonstrando defeitos pré-existentes, surgimento de novos e suas 

progressões ao longo do uso. Diante dos resultados dos dois diferentes métodos 

concluiu-se que: a perfilometria mostrou ser uma técnica de investigação capaz de 

fornecer uma avaliação precisa e reproduzível da região de passo dos instrumentos 

NiTi, qualitativa e quantitativamente. Em relação a micro-CT, foi possível identificar o 

início e o final do dano gerado, interna e externamente na amostra, demonstrando 

ser um método viável no estudo dos instrumentos endodônticos.  

 

Palavras –chave : Instrumentos Endodônticos, Avaliação Tridimensional, micro-CT, 

Perfilometria óptica. 

 



ABSTRACT 
 
 

 

Barbosa IB. The use of non-destructive methodologies in the evaluation of 

endodontic instruments [tese]. Niterói: Universidade Federal Fluminense, Faculdade 

de Odontologia; 2018. 

 

The fracture of the endodontic instruments is a constant concern in the clinical life of 

the endodontist. The causes were analyzed through investigation of the alloys with 

which the instruments are  made, their designs as well as wear during use. This 

study analyzed reciprocating endodontic instruments by means of two non-

destructive methods in order to evaluate the same instrument before and after each 

use in simulated canals. The methods used were 3D non-contact optical profilometry 

and computerized X-ray microtomography (micro-CT). In the first methodology, the 

presence and occurrence of defects in areas of the pitch region of the WaveOne and 

Reciproc instruments were analyzed. Regarding the computerized X-ray 

microtomography (micro-CT), a preliminary study was carried out with the objective 

of investigating a new application of equipment for external and internal image of an 

endodontic instrument (high density material). The results obtained by the 3D non-

contact optical profilometry method showed more defects in the pitches of the 

Primary WaveOne instruments compared to the Reciproc R25, regardless of the 

evaluation stage. The computerized X-ray microtomography allowed the visualization 

of the external surface and the core of the same instrument at different moments of 

the instrumentation process, thus enabling researchers to identify where the cracks 

started and their progression during the course of instrument use. In view of the 

results of the two methods, it was concluded that: the profilometry showed to be a 

research technique able to provide a precise and reproducible evaluation of the pitch 

region of the NiTi instruments, qualitatively and quantitatively. Regarding the micro-

CT, it was possible to identify the beginning and the end of the damage generated, 

internally and externally in the sample, showing a viable method in the study of 

endodontic instruments. 

 

Key-words: Endodontic instruments, Three-dimensional evaluation, micro-CT, 

Optical profilometry. 
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1 - INTRODUÇÃO 

 

Durante a instrumentação do canal radicular podem ocorrer desgastes e 

deformação dos instrumentos NiTi 21/1, podendo levar à falha inesperada15/1. Isto 

aumenta a preocupação de ocorrer a fratura com ou sem sinais visíveis de 

deformação prévia 15,16/1. 

A fratura dos instrumentos endodônticos do NiTi decorre da fadiga por flexão1/2. 

Uma hipótese que explica porque a fadiga por flexão ocorre refere-se à formação 

de defeitos de usinagem ao longo da superfície na região de passo dos 

instrumentos, gerando acúmulo de estresse residual dentro de sua estrutura 

interna19/1. Isso pode ser atribuído às partículas de óxido que se originam do 

processo de fabricação e atuam como locais de nucleação para o formação de 

microcavidades, o que poderia levar a rupturas e subsequente falha do 

material.2,10,11,17/1. 

Pereira (2017) em uma recente investigação de novos instrumentos NiTi, 

observou marcas ocasionadas pelo processo de usinagem durante a fabricação e 

relatou propagação de trincas transversais a 3 mm da ponta do instrumento após o 

uso clínico13/1. Além disso, na superfície, trincas foram mostradas associadas a 

ranhuras de usinagem, que poderiam atuar como locais de concentração de 

estresse e início de trincas 18/1 . 

A fratura dos instrumentos endodônticos do NiTi é ocasionada principalmente 

por sobrecarga torcional ou por flexão no terço apical do canal16/1. Vale ressaltar 

que em 2008 Yared5/2 utilizou uma cinemática denominada reciprocante, definida 

como a alternância entre as direções horária e anti-horária do movimento rotacional 

do instrumento. Desta maneira, a cinemática reciprocante visa impedir o acúmulo 

de tensão mecânica no instrumento, proporcionando uma redução nos fenômenos 

de fadiga por flexão e por torção do instrumento dentro do canal, buscando assim 

reduzir a probabilidade de fratura6,7,8/2. 

Diversas metodologias têm sido aplicadas no estudo do desgaste e dos 

danos estruturais dos instrumentos endodônticos, incluindo microscopia eletrônica 

de varredura (MEV)11,12,13,14/2. No entanto, uma das limitações deste método é a 

dificuldade de analisar o mesmo instrumento em diferentes momentos da utilização. 
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Ressalta-se que dependendo do procedimento de preparação para análise dos 

espécimes, danos podem ser ocasionados e assim levar a resultados 

potencialmente enganosos. 15,16/2. 

Outro método de estudo também aplicado para este fim é a microscopia de 

força atômica (MFA), que permite a análise 3D de superfícies com pouca ou 

nenhuma preparação da amostra e produz imagens de alta resolução. No entanto, 

o equipamento utilizado nesta modalidade exige que a amostra tenha superfície 

plana e rígida, o que não se aplica aos instrumentos endodônticos 16,17,18/2. 

A perfilometria óptica 3D sem contato, mostrou-se efetiva ao proporcionar 

uma análise de imagem tridimensional e de alta resolução da região de corte dos 

instrumentos NiTi, revelando a presença de defeitos superficiais, como 

deformações, detritos, ranhuras, rachaduras, degraus e microcavidades, antes e 

depois de cada uso5/1. Esta técnica permite uma reprodução precisa de imagens 

construídas acima de 1900 milhões de pontos de dados, permitindo a 

caracterização completa e a quantificação das características topográficas da 

superfície como rugosidade e desgaste nas mesmas áreas de superfície em 

diferentes períodos de tempo6/1. 

A inserção da microtomografia computadorizada de raios-x (micro-CT) para 

avalição de instrumentos endodônticos baseia-se no fato de ser uma técnica não 

destrutiva que permite que centenas de seções transversais de uma determinada 

amostra sejam analisadas fornecendo imagens tridimensionais de seu interior, bem 

como medições de áreas e volume 22/2. A literatura relata que a análise pela micro-

CT tem uma gama de aplicações em pesquisa odontológica, e suas imagens de 

alta resolução permitem uma análise qualitativa de dentes, ossos e implantes 23/2. 

Esta técnica pode ser aplicada à metais 24/2 e para caracterizar geometrias internas 

e externas das amostras 25/2. 

Ao observar os métodos existentes para avaliação dos instrumentos 

endodônticos, suas vantagens e desvantagens e baseando-se na idéia de que 

defeitos de superfície influenciam na fadiga e falha dos instrumentos, o objetivo 

deste trabalho foi empregar metodologias não destrutivas na avaliação de 

instrumentos endodônticos de NiTi. Foram realizadas avaliações por meio da 

perfilometria óptica 3D sem contato e micro-CT em instrumentos novos, sem uso e 
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após cada utilização do mesmo instrumento. Deve-se ressaltar que para cada 

técnica utilizou-se instrumentos de mesma numeração e conicidade.  
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2 - METODOLOGIA 1: PERFILOMETRIA ÓPTICA 3D SEM CONTATO 

 

 

 

2.1 SELEÇÃO DA AMOSTRA  

 

Dez instrumentos reciprocantes de NiTi (Reciproc - VDW, Munique, Alemanha 

e WaveOne - Dentsply Maillefer, Ballaigues, Switzerland, com ponta 25 e conicidade 

0,08) de diferentes lotes foram selecionados e divididos aleatoriamente em dois 

grupos de cinco instrumentos cada, de acordo com o seu fabricante específico 

(Grupo RP para Reciproc e Grupo WO para WaveOne). Inicialmente, a superfície de 

todos os instrumentos foi examinada sob um estereomicroscópio óptico com 

ampliação de 10x para verificar a presença de deformação visível, que foi um critério 

de exclusão para seleção de amostras. 

 

2.2 ENSAIO MECÂNICO DAS AMOSTRAS 

 

 

Os ensaios foram realizados com todos os espécimes de cada grupo em 

blocos de resina com canal simulado (Dentsply Maillefer, Ballaigues, Switzerland) 

que apresentava 19 mm de comprimento e um ângulo de curvatura de 40º, de 

acordo com o Método de Schneider 21/1. Um operador experiente realizou todos os 

procedimentos para o preparo dos canais simulados e utilizou dois blocos de resina 

para cada instrumento de cada grupo. 

Uma lima tipo K #10 (Dentsply Maillefer, Ballaigues, Switzerland) foi utilizada 

para a exploração e patência de cada bloco antecedendo o uso das limas 

reciprocantes. Em seguida, um instrumento reciprocante foi utilizado para o preparo 

do canal, por meio de uma peça de mão com redução de 6:1 (Sirona, Bensheim, 

Alemanha) ativada por um motor elétrico com velocidade e torque controlados 

(Reciproc® Silver, VDW, Munique, Alemanha).  

O uso do motor foi de acordo com o programa predefinido WaveOne ALL ou 

Reciproc All, relativo ao instrumento a ser utilizado. O preparo dos canais simulados 

foi realizado por meio de suaves movimentos de vai e vem simulando condições 



11  

clínicas. Os canais foram irrigados com um volume de 2,5 ml de hipoclorito de 

sódio (NaOCl, Fórmula & Ação, São Paulo, SP, Brasil) à 2,5% por canal simulado e 

os instrumentos foram limpos com gaze umedecida em mesma solução durante 

todo processo de instrumentação. 

 

 

2.3 PROCEDIMENTO PARA MEDIÇÃO DAS SUPERFÍCIES 

 

 

Um procedimento padronizado para análise de espécimes foi conduzido de 

acordo com o método proposto por Ferreira et al. (2017) 21/1, a fim de permitir um 

posicionamento reprodutível das medições em diferentes pontos temporais. 

Inicialmente, um cursor de borracha de silicone foi colado à base do cabo do 

instrumento usando Super-bonder (Loctite -Henkel Ltda., São Paulo, Brasil). Uma 

perfuração foi então feita no cursor de borracha, utilizando-se um explorador 

dentário de tamanho 5 (Duflex, Rio de Janeiro, Brasil). Posteriormente, o cabo do 

instrumento foi fixado a um suporte ―tipo morsa‖ na superfície da base da mesa 

motorizada do equipamento utilizado para as avaliações. Da perfuração, chamado 

ponto 0, a mesa motorizada foi então movida transversalmente para a frente até o 

perfilômetro (NewViewTM 8300, Zygo Corporation, Middlefield, CT, EUA) atingir a 

ponta do instrumento e depois movido 3 mm de volta para obter as áreas de leitura 

das regiões de passo do instrumento. Todas as medições foram realizadas em áreas 

de 211 × 211 μm , antes e depois de cada ciclo de instrumentação (duas para cada 

instrumento). 

 

 

2.4 APLICAÇÃO DO MÉTODO EXPERIMENTAL 

 

 

As superfícies das áreas de passos de todos os instrumentos RP (Reciproc) e WO 

(Wave One) foram avaliados em três períodos distintos: T0 – antes do uso; T1 após  

o primeiro uso; T2 – após o segundo uso. 

Para cada etapa dos testes, utilizou-se um canal simulado novo para cada um os 

instrumentos. 
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2.5 AVALIAÇÃO DAS SUPERFÍCIES 

 

    A superfície das áreas de passo dos instrumentos endodônticos foi medida 

e analisada usando um perfilômetro de superfície óptica 3D sem contato de alta 

precisão (NewView ™ 8300; Zygo Corporation, Middlefield, CT, EUA). Este 

equipamento é aprovado pela Organização Internacional para Padronização (ISO/ 

DIS 25178, Parte 604) para a investigação de uma ampla gama de superfícies de 

materiais. As características das superfícies dos instrumentos foram avaliadas 

qualitativa e quantitativamente antes e depois da instrumentação por meio da 

análise de parâmetros de campo, também denominados parâmetros de amplitude, 

para investigar os efeitos da instrumentação no desgaste e rugosidade das 

superfícies dos instrumentos. Os parâmetros utilizados foram Sa (a rugosidade 

média na faixa de medição), Sq (a raiz quadrada média da rugosidade) e Sz (a 

altura média entre picos e vales no campo de medição). Todas as análises foram 

fornecidas pelo software Mx ™ (Zygo Corporation, Middlefield,CT,EUA). 

 

2.6 ANÁLISE ESTATÍSTICA 

 

 

Os dados foram primeiramente analisados utilizando o teste de Friedman (p 

<0,05) para comparar as áreas de superfície de passo dos instrumentos em seus 

respectivos grupos nos três estágios de avaliação (T0, T1 e T2), e para determinar 

as diferenças entre os parâmetros Sa, Sq e Sz em cada estágio, individualmente. 

Posteriormente, os dados com diferenças significativas foram submetidos ao teste 

de Dunn (p <0,05) para comparar a progressão do desempenho em cada grupo 

específico de instrumentos antes e após a instrumentação (Tabela 1). O teste Mann-

Whitney (p <0,05) foi então utilizado para comparar os grupos RP e WO, 

considerando os valores obtidos para os parâmetros Sa, Sq e Sz após os períodos: 

T1 - T0, T2 - T0 e T2 - T1. (Tabela 2). 
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3 - METODOLOGIA 2: MICROTOMOGRAFIA COMPUTADORIZADA DE RAIO X 

 

 

3.1 SELEÇÃO DA AMOSTRA  

 

Um instrumento reciprocante de NiTi (WaveOne - Dentsply Maillefer, 

Ballaigues, Switzerland), com ponta 25 e conicidade 0,08 foi escolhido para ser 

utilizado como instrumento teste, neste estudo preliminar aplicando a 

microtomografia de raio x como método de avaliação. 

 

3.2 ENSAIO MECÂNICO DAS AMOSTRAS 

 

Os ensaios foram realizados sempre com o mesmo instrumento em blocos de 

resina com canal simulado (Dentsply Maillefer, Ballaigues, Switzerland) que 

apresentava 19 mm de comprimento e um ângulo de curvatura de 40º, de acordo 

com o Método de Schneider 21/1 até fratura. Um mesmo operador experiente 

realizou todos os procedimentos para o preparo do canal.  

Uma lima tipo K #10 (Dentsply Maillefer, Ballaigues, Switzerland) foi utilizada 

para a exploração e patência de cada bloco antecedendo o uso da mesma lima 

reciprocante. Em seguida, o instrumento reciprocante foi utilizado para o preparo do 

canal simulado até o comprimento de trabalho estabelecido (19 mm), por meio de 

uma peça de mão com redução de 6:1 (Sirona, Bensheim, Alemanha) ativada por 

um motor elétrico com velocidade e torque controlados (Reciproc® Silver, VDW, 

Munique, Alemanha). O motor foi utilizado com o programa predefinido WaveOne 

ALL, relativo ao instrumento usado.  

O preparo dos canais foi conduzido por meio de suaves movimentos de vai e 

vem simulando condições clínicas. Durante todo o procedimento, os canais foram 

irrigados com um volume de 2,5 ml de hipoclorito de sódio (NaOCl, Fórmula & 

Ação, São Paulo, SP, Brasil) à 2,5% para cada canal simulado e os instrumentos 

foram limpos com gaze umedecida em mesma solução.  
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3.3 PROCEDIMENTO PARA GERAÇÃO DAS IMAGENS 

 

Foi utilizado o microtomógrafo (Xradia 510 Versa, Carl Zeiss Meditec, AG, 

Jena, Alemanha) para fazer a primeira varredura microtomográfica do instrumento 

teste até então não utilizado, para servir como próprio controle na análise 

subseqüente de sua alteração estrutural progressiva, após cada bloco 

instrumentado. 

 

O instrumento foi acoplado a um suporte do microtomógrafo (Fig. 1A) para 

garantir seu posicionamento padronizado e, consequentemente, a repetibilidade das 

medidas e análise de suas seções transversais em todos os estágios do 

experimento. Foi definida a distância ideal entre a fonte de emissão de raio x (FRX) 

– Espécime (ESP) – Detector (DET), com o objetivo de obter imagens nítidas que 

incluíssem os últimos 4 mm finais do instrumento, sendo descartado o primeiro mm. 

Com base neste critério, as distâncias utilizadas neste estudo foram 40,0 mm (FRX - 

ESP) e 50,2 mm (ESP - DET) (fig. 1B). Foi utilizada uma lente de aumento de 4X e o 

filtro 4. Os parâmetros selecionados para a varredura foram 60 Kv, 5 W, 83 μA e 

tempo de exposição de 12s. O instrumento teste foi girado em incrementos 

angulares para obter 1.600 projeções 2D (Fig. 1B). 

 

Estas imagens 2D em tons de cinza brutos da amostra foram usadas para 

reconstruir um objeto digital tridimensional usando o software TXM Reconstructor 

(Carl Zeiss Meditec AG, Jena, Alemanha) (Fig. 1C). Os parâmetros, center-shift e 

beam-hardening, necessários para uma imagem ser reconstruída de forma 

adequada foram escolhidos pelo operador usando um critério visual de nitidez da 

imagem e constância, respectivamente (Figs. 2A e 2B), para cada momento da 

análise. O software AVIZO (FEI Company Japan Ltd., Tóquio, Japão) foi usado para 

visualizar as imagens reconstruídas. 

 

As mesmas vistas transversais do instrumento foram observadas em todos os 

momentos da análise (fig. 3).  

 

 



15  

3.4 AVALIAÇÃO DAS IMAGENS  

 

  Um total de quatro blocos de resina acrílica foi utilizado até a completa fratura 

do instrumento de teste. Cinco imagens de micro-CT foram obtidas (instrumento não 

utilizado - novo, primeiro uso, segundo uso, terceiro uso e fratura)(Figuras 3 e 4). 

 

Todas as imagens foram analisadas em conjunto por dois avaliadores 

calibrados. As definições de microcavitação, ranhura de usinagem, fissura, perda de 

estrutura, ângulo de corte acentuado (com bordas regulares e irregulares) e ângulo 

de corte contundente, foram estabelecidas conjuntamente por ambos os 

pesquisadores. Sempre que havia discrepância entre os avaliadores, as leituras 

eram repetidas até que um consenso fosse alcançado. 
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 Methodology The flute surface areas of instruments from two commercial instrumentation systems, 

namely Reciproc R25 (n = 5) and WaveOne Primary (n = 5), were assessed and compared before and 

after performing two instrumentation cycles in simulated root canals in clear resin blocks. All the 

analyses were conducted on areas measuring 211 × 211 μm, located 3 mm from the instrument tips. 

A quantitative analysis was conducted before and after the first and second instrumentation cycles, 

using the Sa (average roughness over the measurement field), Sq (root mean square roughness), and 

Sz (average height over the measurement field) amplitude parameters. All the data were submitted 

to statistical analysis at a 5% level of significance. 

 

 
Results There was a significant increase (p = 0.007) in wear in both groups, especially between 

baseline and the second instrumentation cycle, with significantly higher wear values being observed 

on WaveOne instruments (Sz median values = 33.68 and 2.89 µm, respectively for WO and RP 

groups). A significant increase in surface roughness (p = 0.016 and p = 0.008, respectively for Sa and 

Sq) was observed in both groups from the first to the second instrumentation cycle, mostly in 

WaveOne specimens. Qualitative analysis revealed a greater number of defects on the flute 

topography of all the instruments after use. 

 

 
Conclusions More defects were identified in WaveOne Primary instruments compared to Reciproc 

R25, irrespective of the evaluation stage. The investigation method provided an accurate, 

repeatable, and reproducible assessment of NiTi instruments at different time points. 

 

 

Introduction 
 

Root canal preparation will result in wear and deformation of NiTi instruments (Yamazaki- 

Arasaki et al. 2012), as well as their unexpected failure inside the root canal (Pruett et al. 1997). This 

raises a concern that these instruments may fracture within their elastic limit, with or without visible 

signs of previous deformation (Pruett et al. 1997, Sattapan et al. 2000). 

The fracture of NiTi endodontic instruments occurs mainly by torsion overload or flexural 

fatigue in the apical third of the canal (Sattapan et al. 2000). One hypothesis explaining why flexural 

fatigue occurs is that the grinding process across the grains of a NiTi wire reduces the overall 

strength of the instrument, owing to the formation of machining defects along its flute surfaces, and to 
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 the buildup of residual stress within its internal structure (Tripi et al. 2006). This may be attributed to 

oxide particles that originate from the manufacturing process and act as nucleation sites for the 

formation of microvoids, which could lead to dimpled ruptures with subsequent material failure 

(Kuhn et al. 2001, Cheung & Darvell, 2007, Kim et al. 2012, Scelza et al. 2015). 

An investigation of different types of new NiTi instruments found the presence of marks left 

by the machining process during manufacturing, and the propagation of transverse cracks 3 mm 

from their tip after clinical use (Pereira et al. 2017). Furthermore, surface micro-cracks were shown 

along, and associated with, machining grooves, which could act as sites of stress concentration and 

crack initiation (Shen et al. 2009). 

Improvements in instrument kinematics, namely the reciprocating motion (Yared, 2008), and 

in instrument materials, namely M-wire (Gambarini et al. 2008), have been proposed with the aim of 

reducing the risk of instrument fracture during clinical use. Nevertheless, previous studies revealed 

the presence of surface irregularities in WaveOne (Dentsply Sirona Endodontics, Ballaigues, 

Switzerland) and Reciproc (VDW, Munich, Germany) M-Wire instruments, preoperatively and 

postoperatively (Pirani et al. 2014, Fatma et al. 2014). 

Recently, a three-dimensional, high-resolution image analysis of the cutting-blades of 

WaveOne and Reciproc instruments revealed the presence of surface defects, such as deformations, 

debris, grooves, cracks, steps and micro-cavities, both before and after use (Ferreira et al. 2017a). 

The technique is reported to provide accurate reproduction of constructed images over 1900 million 

data points, permitting full characterization and quantification of surface topographical features 

such as roughness and wear on the same surface areas at different time periods (Ferreira et al. 

2017b). 

Therefore, the aim of the present study was to undertake, for the first time, a noncontact 

optical profilometry qualitative and quantitative analysis of defects on similar flute region areas of 

WaveOne and Reciproc NiTi instruments, before and after use in simulated root canals, and to assess 

the accuracy of this investigation method. The null hypothesis was that there would be no significant 

differences between WaveOne and Reciproc instruments, in terms of the presence of defects on the 

surface of their flutes, after conducting two instrumentation procedures. 

 

 
Material and Methods 
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 Specimen preparation 

 

A sample of ten NiTi reciprocating instruments (Reciproc and WaveOne, with tip size 25 and 0.08 

taper in the apical 3 mm) from different batches were selected and randomly divided into two groups of 

five instruments each, according to their specific manufacturer (Group RP for Reciproc instruments, 

and Group WO for WaveOne instruments). Initially, the surface of all the instruments was examined 

under an optical stereomicroscope at 10x magnification to check for the presence of visible 

deformations, which was an exclusion criterion for sample selection. 

 

 
Specimen testing 

 
All the instruments were used twice by a single calibrated operator to instrument simulated 

root canals in clear resin blocks (Endo Training Blocks, Dentsply Sirona Endodontics, Ballaigues, 

Switzerland). The simulated canals were 19 mm in length and had a 40º angle of curvature. A new 

simulated canal was used for each instrumentation cycle. Initially, a glide path was created using a 

size 10 K-file (Dentsply Sirona Endodontics,) to reach the working length (WL) of the simulated 

canals. Then, each reciprocating file was used to consecutively prepare the cervical, middle, and 

apical thirds of the canal. In each stage of instrumentation, the preparation of the simulated canal 

was conducted by controlling the distribution of forces in the instruments using three gentle and 

short amplitude in-and-out pecking motion, until reaching the WL, to simulate clinical conditions. 

The instruments were activated using a 6:1 reduction handpiece (Sirona Dental Systems 

GmbH, Bensheim, Germany), powered by a torque-controlled motor (Silver Reciproc; VDW, 

Munich, Germany), operated in Reciproc ALL mode for Reciproc instruments, and WaveOne ALL 

mode for WaveOne instruments. The procedures were performed according to the 

manufacturers’ instructions. After instrumentation of each canal portion, the simulated canals 

were irrigated with 2.5 mL of 2.5% NaOCl, and the instruments were cleaned with gauze 

moistened in the same solution. 

 

 
Specimen analysis 

 
A standardized procedure for specimen analysis was conducted according to the method 

proposed by Ferreira et al. (2016) to enable repeatable positioning and accurate reproducibility of 

the measurements at different time points. Initially, a silicone rubber stop was glued to the shaft 
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 portion of the instrument using Loctite Super-bonder adhesive (Henkel Ltda., São Paulo, Brazil). A 

perforation was then made in the rubber stop using a size 5 dental explorer (Duflex, Rio de Janeiro, 

Brazil). Subsequently, the handle of the instrument was fixed to a holder on the base surface of the 

motorized table of the equipment used for the evaluations. From the perforation, named point 0, 

the motorized table was then moved transversely forward until the profilometer reached the tip of 

the instrument, and then moved 3 mm back again, to obtain the reading areas of the flute regions of 

the instrument. All the measurements were conducted on areas of 211 × 211 μm, before and after 

each instrumentation cycle. 

 

 
Evaluation methodology 

 
The surface of the flute areas of the endodontic instruments were measured and analyzed 

using a high-precision noncontact 3D optical surface profilometer (NewView™ 8300; Zygo 

Corporation, Middlefield, CT, USA). This piece of equipment is approved by the International 

Organization for Standardization (ISO/DIS 25178, Part 604) for the investigation of a wide range of 

material surfaces. The characteristics of the instrument surfaces were evaluated qualitative and 

quantitatively before and after instrumentation by analyzing field parameters, also named amplitude 

parameters, to investigate the effects of instrumentation on the wear and roughness of the 

instrument surfaces. The parameters used were Sa (the average roughness over the measurement 

range), Sq (the root mean square roughness), and Sz (the average height between peaks and valleys 

over the measurement field). All the analyses were provided by Mx™ software (Zygo Corporation, 

Middlefield, CT, USA). 

 

 
Statistical analysis 

 
The data were first analyzed using the Friedman test (p < 0.05) to compare the flute surface 

areas of the instruments in their respective groups at the three stages of evaluation (T0, T1 and T2), 

and to determine the differences between the Sa, Sq and Sz parameters at each stage, individually. 

Subsequently, the data with significant differences were submitted to the Dunn test (p < 0.05) to 

compare the progression of instrument performance in each specific group of instruments before 

and after instrumentation (Table 1). 

The Mann-Whitney test (p < 0.05) was then used to compare the RP and WO groups 
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 of instruments, considering the values obtained for the Sa, Sq and Sz parameters after the T1 – T0, T2 

– T0, and T2 – T1 time periods (Table 2). 

 

 
 

Results 

 
The results of the quantitative analysis conducted for the Reciproc (RP) and WaveOne (WO) 

instruments at the T0, T1 and T2 evaluation stages are shown in Table 1. Significant differences 

(p < 0.05) between the values of the parameters at baseline and after the second instrumentation 

cycle were observed for both the Reciproc and WaveOne instruments, indicating an increase in wear 

of their flute surfaces, with much higher values (in µm) for WaveOne instruments. The Sz values for 

the RP group were 47.33 and 50.22 (p = 0.007), and the Sz values for the WO group were 60.39 and 

94.07 (p = 0.007), respectively at T0 and T2. However, the differences between the values obtained 

after the first (T1) and second (T2) instrumentation cycles revealed that wear was also greater in 

WaveOne instruments (60.39 versus 64.22 μm) than in Reciproc instruments. (47.33 versus 47.60 

μm). A comparison of the Sa, Sq, and Sz values obtained for both groups of instruments at T0, T1 and 

T2 (Table 2) revealed significant differences between the groups, considering T1 – T0 and T2 – T0 

for the Sz parameter, and indicating a wear increase in both groups after the first and second 

instrumentation cycles, with higher wear values for WaveOne instruments.Themedian T1 – T0 values 

were 0.47 and 8.36 (p = 0.008), and the median T2 – T0 values were 3.94 and 33.31 (p = 0.008), 

respectively for the RP and WO groups (p <0.05). A comparison of the Sa and Sq values obtained for 

both groups revealed significant differences between T2 and T1 (p = 0.016 and p = 0.008, 

respectively for Sa and Sq), indicating an increase in the roughness patterns in both groups from the 

first to the second instrumentation cycle, especially in WO. 

The qualitative analysis revealed an increase in the number of defects on the flute surfaces 

of both groups after the first and second instrumentation cycles, which were predominant in 

WaveOne instruments (Figures 1 and 2). 

 

 

Discussion 
 

In this study, the flute surface areas located three millimeters from the tip of the NiTi 

instruments from different brands were qualitative and quantitatively evaluated before and 
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 after two instrumentation cycles conducted in simulated root canals within acrylic resin blocks. 

As previously reported, the reliability of canals in resin blocks as an acceptable experimental 

model for the endodontic preparation technique has been validated (Dummer et al. 1991). 

Although the use of extracted teeth enables the simulation of clinical treatment conditions, 

simulated root canals provide standardization of root canal diameter, length and curvature in 

terms of angle and radius (Yang et al. 2006, Khalilak et al. 2008). All of the analyses were 

performed using a high-resolution, three-dimensional noncontact optical profilometer (Zygo 

Corporation).  

This is the first time that the same flute regions of endodontic instruments have been 

investigated qualitatively and quantitatively after repeated instrumentation cycles using this 

technology. The method has been considered to provide suitable and accurate nanoscale 

analysis of NiTi instrument surfaces under various conditions (Lopes et al. 2016, Ferreira et al. 

2017a, b, Uslu et al. 2017). It provides an extended scan range to measure profile heights 

from < 1 nm up to 20,000 μm, with high vertical (z-axis) optical resolution (0.01 nm), 0.4 to 0.6 

μm lateral resolution (x- and y-axes), and a repeatability of 0.02 nm (Z-scanning) that enables 

reliable analyses to be made at different time points (Ferreira et al. 2017a). 

The results of the quantitative analysis revealed a significant increase in wear on the surface 

of both Reciproc and WaveOne instruments after the second instrumentation cycle. Analyzing the 

performance values of both brands individually, significantly greater numerical values of surface 

vertical loss were observed on WaveOne instruments, especially after the second instrumentation 

cycle. When comparing the Reciproc and WaveOne instruments, significant differences were 

observed between the baseline values and those obtained after both the first and second 

instrumentation cycles. Nevertheless, the results of both groups indicated that there was a greater 

increase in roughness from the first to the second instrumentation cycle, with larger numerical 

values for WaveOne Instruments.  

A previous study using a three-dimensional atomic force microscopy (AFM) analysis 

indicated a surface wear increase on the apical portions of Reciproc and WaveOne instruments after 

three uses (Pirani et al. 2014). On the other hand, another study using 3D noncontact optical 

profilometry to conduct a quantitative analysis of instrument cutting blades found no significant 

differences between Reciproc and Wave One instruments after two instrumentation cycles 

(Ferreira et al. 2017b). 

In the present study, large surface areas (211 x 211 μm) of the flute portions of the 
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 instruments were analyzed. Image characterization (qualitative analysis) of the surfaces revealed the 

presence of a larger number of defects such as microvoids, connected pit regions and cracks after 

instrumentation, especially in WaveOne instrument (Figures 1 and 2). A recent study evaluating the 

cutting blades of Reciproc and WaveOne instruments (Ferreira et al. 2017b) identified mostly milling 

marks and small pits in Reciproc instruments before use, with an increasing number of pits and 

microcavities observed after the first and second uses. Otherwise, surface characteristics such as 

steps, grooves and small pits were also seen in WaveOne instruments even before use. Although a 

great number of microcracks and grooves were noted before use, an increased number of surface 

defects, such as grooves, microcavities, microcracks and craters, were observed after the second 

use. Previously, surface irregularities in the cutting blades of both instruments were observed before 

use, with a greater number of defects being found in WaveOne instruments using scanning electron 

microscopy (SEM) (Hanan et al. 2015). 

In this study, the propagation of cracks under connected pitted regions was clearly shown in 

both instruments after the first and, mostly, the second use, especially in WaveOne instruments 

(Figure 2). These results are similar to those found in a previous study evaluating the cutting blades of 

Reciproc and WaveOne instruments before and after use (Ferreira et al. 2017b). In a previous SEM 

study, the propagation of cracks parallel to the local fluting orientation under connected pitted 

regions had been noted on the surfaces of NiTi instruments after use (Alapati et al. 2005). 

The use of noncontact optical profilometry enabled an accurate qualitative and 

quantitative evaluation of the characteristics of the same flute surfaces of Reciproc and Waveone 

instruments, before and after instrumentation. New investigations should be performed to 

determine the effects of wear on the structure of endodontic instruments and, above all, on 

their fracture rates, thus providing information that can lead to improving the quality of their 

manufacturing process and enhancing their clinical safety. 

Conclusion 
 

Based on the results of the present study, the null hypothesis was rejected. The analysis of 

the flute regions of instruments belonging to both brands revealed the presence of a great number 

of defects on their surfaces after instrumentation. These defects were significantly more numerous 

in WaveOne instruments. Noncontact optical profilometry enabled a reliable characterization of the 

surfaces of the NiTi endodontic instruments before and after use. 
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Figure Legends 
 

Figure 1 Three-dimensional evaluation of a flute surface area of a Reciproc instrument at baseline (a) 

and after the first (b) and second (c) instrumentation cycles. Propagation of surface defects such as 

microvoids, connected pit regions and cracks observed after the first and second instrumentation 

cycles. 

Figure 2 Three-dimensional evaluation of a flute surface area of a WaveOne instrument at baseline 

(a), and after the first (b) and second (c) instrumentation cycles. A significant increase in wear is 

observed between baseline and after the second cycle. The propagation of surface defects such as 

connected pit regions and cracks is revealed in the images after the first and second instrumentation 

cycles, respectively. 
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Table 1 Analysis of the tested NiTi instruments at the different evaluation time points, considering the Sa, Sq and Sz 

amplitude parameters 

NiTi 

Instruments 

& 

Variables 

  Evaluation Time Points   

 T1  T2  T3  

Median Q1 Q3 Median Q1 Q3 Median Q1 Q3 p-value 

Reciproc        

Sa 5.49 5.35 6.15 5.35 5.01 6.12 5.94 5.52 6.19 0.247 

Sq 7.22 7.03 7.97 6.95 6.57 7.91 7.77 7.34 8.02 0.165 

Sz 47.33(a) 44.40 50.24 47.60 45.23 50.24 50.22(b) 48.46 54.49 0.007 

WaveOne        

Sa 4.49 4.34 9.67 5.18 4.59 9.00 4.51 4.09 4.79 0.247 

Sq 5.72 5.65 11.78 6.93 6.02 11.23 5.75 5.16 6.13 0.165 

Sz 60.39(a) 49.67 68.33 64.22 55.05 101.02 94.07(b) 66.58 119.86 0.007 

 
*Different lower-case letters in parentheses indicate statistically significant differences. 



This article is protected by copyright. All rights reserved. 

29  

 

Table 2 Comparison of the tested NiTi instrument brands, considering the T1 – T0, T2 – T0 and T2 – T1 

time periods and the Sa, Sq and Sz amplitude parameters. 

NiTi Instruments 

Time Periods &      

 
Variables 

 
Recipro
c 

 
WaveOne 

 

 Median Q1 Q3 Median Q1 Q3 p-value 

T1 – T0      

Sa –0.335 –0.44 0.16 –0.13 –0.67 0.58 0.841 

Sq 
–0.42 –0.59 0.16 0.07 –0.55 0.93 0.421 

Sz 0.47 0.24 1.49 8.36 3.11 32.68 0.008 

T2 – T0      

Sa 0.19 –0.06 0.41 –0.38 –5.39 0.45 0.421 

Sq 0.24 –0.49 0.57 –0.51 –6.33 0.45 0.310 

Sz 3.94 2.81 4.97 33.31 16.91 51.69 0.008 

T2 –T1 
     

Sa 0.33 0.02 0.72 –0.37 –4.71 –0.13 0.016 

Sq 0.44 0.08 0.98 –0.59 –5.78 –0.48 0.008 

Sz 3.06 2.25 4.00 20.03 9.34 25.91 0.151 

*The values in bold letters are statistically significant. 
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Abstract: 
 

The aim of this study was to investigate the methodological potential of a new application of micro-

computed tomography in providing an external and internal assessment of the structural integrity of an 

endodontic test file, and its progressive structural deterioration after repeated use in simulated root 

canals (resin blocks), until fracture. The progressive deterioration of the instrument was observed, and 

the external and internal defects were described. Radiolucent images suggestive of micro-cavities 

were observed in the instrument’s core prior to its first use, and the formation and subsequent 

propagation of cracks in an apparently non-linear manner were observed after consecutive uses, until 

the final collapse of the whole structure. This novel assessment method allowed the visualization the 

external surface and the core of the same instrument at different time points in the instrumentation 

process, thus enabling researchers to identify where the cracks started and their progression during 

the course of instrument use. 
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AFM, atomic force microscopy; DET, detector; Micro-CT, micro-computed tomography; SPE, 
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1 - INTRODUCTION 
 

Mechanized endodontic instruments are subjected to repeated loads and cyclic stresses during the 

instrumentation process. This mechanical challenge causes physical damage, which builds up during its 

continuous use, resulting in cracks and other macroscopic defects that can propagate and lead to 

instrument fracture 1-4. This process of damage and failure due to cyclic loading is called fatigue 4. 

In 2008, Yared 5 used a kinematic called reciprocation, defined as the alternation between the 

clockwise and counterclockwise directions of the rotational motion of the instrument, aiming at preventing 

the buildup of mechanical stress in the instrument, providing a reduction in the phenomena of cyclic fatigue 

and taper lock of the instrument inside the canal, and thus preventing instrument fracture 6-8. 

Although the manufacturers of the most commonly used single-file systems— namely Reciproc 

(VDW GmbH, Munich, Germany) and WaveOne (Dentsply Maillefer, Ballaigues, Switzerland)—recommend 

disposing of the instrument after using it for only one clinical case, it should be borne in mind that there is a 

great anatomical variation among different teeth, in terms not only of the number of roots and canals, but 

also their degree of curvature. Some authors have found a low fracture incidence of reciprocating 

instruments, even when they are used in posterior teeth, indicating that they can be considered safe in the 

preparation of multiple root canals, provided the manufacturers’ instructions are followed strictly 9. 

Bueno et al. 10 went even further and found that the use of Reciproc (R25) and WaveOne 

(Primary) files in up to 3 cases of posterior teeth (hence multiple roots) had a low fracture rate, thus 

providing a viable option in cost-sensitive environments. However, while this conclusion may be revealing 

and relevant, it is based entirely on empirical clinical 

observation, and not on the concrete data observed during the progressive deterioration process of the 

instrument, ultimately associated with the observed fracture rates. 

Several methodologies have been applied in studying the structural integrity of endodontic 

instruments, including scanning electron microscopy (SEM) 11-14. However, one of the limitations of this 

method is the difficulty of analyzing the same instrument at different time points of the research, inasmuch 

as the preparation procedure for specimen analysis can preclude another use of the instrument, and, 

therefore, lead to potentially misleading results 15,16. 

Another possible study method is atomic force microscopy (AFM), which allows 3D analysis of 

surfaces with little or no preparation of the specimen, and produces high resolution images. However, the 

equipment used in this modality requires the specimen to have a flat and rigid surface, which is not the case 

of endodontic files 17,18. Furthermore, although this method is more sensitive than SEM for the evaluation 
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of NiTi instruments 19, the areas analyzed are very small (up to 20 x 20 μm), thus reducing the 

representativeness of the measurements, and rendering the measurement cycles too long, ultimately raising 

the costs of investigation 16. 

More recently, non-contact 3D optical profilometry was introduced as an alternative to previous 

methods, since it allows a nanoscale analysis of three-dimensional high- resolution images, analysis of the 

same specimen at different time points, and a 3D non- contact optical assessment of curved surfaces 20,21. 

In any event, and as already mentioned, all these analytical techniques basically lend themselves 

to the evaluation of surfaces, and allow analysis of the internal structure of the same instrument at different 

stages of the instrumentation procedure only if it is sectioned or fractures. 

 

Micro-CT is a non-destructive technique that enables hundreds of cross-sections of a given 

specimen to be analyzed, and provides three-dimensional imaging of its interior, as well as automated 

measurements of area and/or volume characteristics 22. As reported by the literature, micro-CT analysis 

has a range of applications in dental research, and its high- resolution images allow qualitative analysis of 

teeth, bones, and implants 23. This microstructure analysis technique can be applied to metals 24, and can 

be used to characterize internal and external geometries 25. 

In 2015, De Deus et al. 26 took advantage of this versatility to evaluate the presence of dentin 

defects before and after root canal preparation with multiple-file NiTi rotary systems, stating that the 

nondestructive nature of micro-CT renders the overlapping of experiments in the same specimen possible 

(as opposed to destructive methods such as specimen sectioning followed by observation under a 

microscope). This provides a sequential—and more revealing—picture of dentinal defect development after 

obturation, root canal retreatment, post space preparation, and post removal procedures. 

Based on the above considerations, the aim of this study was to investigate the methodological 

potential of a new application of micro-CT in evaluating the previous structural integrity of an endodontic test 

file, and its progressive structural deterioration after repeated use, both externally and internally. 

 
 

2 - MATERIALS AND METHODS 
 

A WaveOne Primary endodontic instrument (Dentsply Maillefer, Ballaigues, Switzerland) with a 25 

tip and .08 taper was used as a test instrument. A micro-CT scanner (Xradia 510 Versa, Carl Zeiss Meditec, 

AG, Jena, Germany) with tunable voxel sizes was used to take the first microtomographic scan of the 

hitherto unused test instrument, to serve 
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as its own control in the subsequent analysis of its progressive structural deterioration. 
 

The instrument was attached to a holder of the micro-CT scanner (Fig. 1A) to ensure its 

standardized positioning, and hence the repeatability of the measurements and analysis of its cross-

sections at all stages of the experiment. 

Initially, different combinations of magnification levels and distances between the X-ray source 

(XRS) and the specimen (SPE), as well as between the specimen and the detector (DET), were tested to 

define the region of interest. The goal was to obtain sharp images that included the last 4 mm of the 

instrument’s apex. Based on this criterion, the distances used in this study were 40.0 mm (XRS – SPE) and 

50.2 mm (SPE – DET), at 4X magnification (Fig. 1B). 

The parameters selected for the scanning were 60 Kv, 5 W, 83 μA and exposure time of 12 s. The 

specimen was rotated in angular increments of 0.225° over 360° to obtain 1,600 2D projections (Fig. 1B). 

This stack of raw grayscale 2D images of the specimen were used to reconstruct a three-

dimensional digital object using TXM Reconstructor software (Carl Zeiss Meditec AG, Jena, Germany) (Fig. 

1C). The center-shift parameters and the beam-hardening constant were chosen by the operator using a 

visual criterion of image sharpness (Figs. 2A and 2B) for each moment of the analysis. AVIZO software (FEI 

Company Japan Ltd., Tokyo, Japan) was used to view the reconstructed images. 

The same cross-sectional views of the instrument were observed at all moments of the analysis (Fig. 

3). The final 1 mm of the initial 4 mm segment―corresponding to the tip of the instrument―was excluded 

because this is a region normally preserved during instrumentation, and only the remaining 3 mm were used 

in the analyses 8. 

After the third use of the instrument, 3 cross-sections directly involved in apparent structural defects 

were chosen arbitrarily: one located in the third situated away from the instrument handle, another in the 

middle third, and another in the third closest to the handle. Then, these same cross-sections were again 

identified in the image corresponding to the unused file (thus retroactively), based on radiolucent landmark 

points (representing microcavities) that allowed establishing their location unambiguously. Similarly, the 

same 3 cross-sections were identified retroactively after the first, second and third use of the instrument 

(Fig. 3). 

Simulation of root canal instrumentation was performed with ISO 15/.02 acrylic resin blocks (Endo-

Training-Blocks, Dentsply Maillefer, Ballaigues, Switzerland) 27,28. The instrumentation was initiated by 

introducing a #10 K-type hand file (Dentsply Maillefer, Ballaigues, Switzerland), until its tip was visible 

exiting the simulated apical foramen of the block. The test instrument (WaveOne Primary) was then coupled 

to a VDW Silver electric micro-motor (VDW GmbH, München, Germany), which was then operated in 



This article is protected by copyright. All rights reserved. 

38 
 

 

WAVEONE ALL mode. Preparation of the canal was performed with three in-and-out movements (pecking 

motion), and the instrument was cleaned with a gauze soaked in 2.5% NaOCl (Fórmula & Ação Farmácia, 

São Paulo, SP, Brazil) after each movement. This procedure was repeated until the instrument reached the 

simulated apical foramen of the resin block. 

The canal was irrigated with a 2.5% NaOCl solution throughout the instrumentation process, using 

a 5-mL plastic syringe and a NaveTip needle (Utradent Products, Inc. 

Indaiatuba, SP, Brasil). At the end of the instrumentation of the simulated canal in the first block of acrylic 

resin, the instrument was cleaned again and then submitted to a second micro-CT scan, performed in the 

same way as the initial one. 

The instrumentation procedures were then repeated in a second resin block, using the same 

instrument and in the same manner described above, until reaching the apical foramen once again. At the 

end of this new instrumentation, a new micro-CT scan was performed. This same cycle of instrumentation 

and micro-CT scanning was repeated in as many blocks as necessary, until the test instrument fractured 

completely. The fragment of the fractured instrument, i.e., that which remained attached to the instrument 

handle, was then submitted to a final micro-CT scan, and the corresponding images were reconstructed and 

analyzed in the same way as that of the non-fractured instrument, as described above. 

All instrumentation steps were performed by a single operator. This operator was kept from viewing 

the images obtained during the whole instrumentation phase—therefore before the complete fracture of the 

instrument—in order to reduce the possibility of variation in the mechanical force applied to the instrument, 

based on a subjective perception that the instrument could be about to fracture. 

All the images were evaluated jointly by two specialists, professors of the endodontics department 

of the institution where the study was conducted. The definitions of microcavitation, groove from machining, 

crack, loss of structure, sharp cutting angle (with regular and irregular edges) and blunt cutting angle were 

jointly established by both researchers. Whenever there was a discrepancy between the examiners, the 

observations were repeated, and the examiners conferred until a consensus was reached. 

 
 

3 - RESULTS 
 

A total of four acrylic resin blocks were used until complete fracture of the test instrument occurred. 

Five micro-CT images were obtained (unused instrument – new, 1st use, 2nd use, 3rd use and fracture): 

In the new (unused instrument), the following features were observed: (a) absence of cracks in the 

core, images suggestive of microcavities internally (radiolucent images) (Fig. 3) , (b) absence of cracks on 

the surface, presence of machining grooves (Fig. 4), and 
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(c) sharp cutting angles with regular edges (Fig. 3). 
 

After 1st use: (a) absence of cracks in the core, images suggestive of microcavities internally 

(radiolucent images) (Fig. 3), (b) absence of cracks on the surface, presence of machining grooves (Fig. 4), 

and (c) some cutting angles with irregular edges (Fig 3). 

After 2nd use: (a) cracks initiating in the core (Fig. 3), (b) besides machining grooves, cracks 

initiating on the surface (Fig. 4), and (c) some cutting angles with irregular edges (Fig. 3). 

After 3rd use: (a) propagation and widening of cracks in the core (Fig. 3), (b) besides machining 

grooves, an increase in the number of cracks on the surface (Fig. 4), and (c) a greater number of irregular 

cutting angles, and their initial blunting (Fig. 3). 

After instrument fracture during the fourth use, an axial plane of the instrument just below the 

fracture was chosen, once again arbitrarily, which could represent the cross- section of the fracture; it 

contained regions of tearing and detachment of part of the metal structure. Total deformation of the original 

cross-section, completely blunt cutting angles and regions of great structural loss (radiolucent area) could 

also be observed on the image of this cross-section, in addition to instrument rupture (Fig. 4). 

An image was also obtained of the entire instrument during its first use, when it was inside the 

canal, in order to obtain information about its geometry and state in this configuration (Fig. 5). 
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4 - DISCUSSION 
 

During use of the instrument, it is subject to four internal forces (assuming a unidimensional 

approach): a bending moment (M), a torsional moment (T), a shear force (V), and a normal force (N). These 

forces generate normal and shear stresses in the instrument, with the greatest intensities occurring at the 

edges (Fig 5). 

All of the methods traditionally used to analyze endodontic instruments—SEM, AFM and non-

contact profilometry—are capable of analyzing the external surface of the instrument, and all, in principle, 

are capable of analyzing this surface after repeated use 14,18,21, but only micro-CT allows the analysis of 

both the external surface and the interior of the instrument after repeated use, without requiring its 

sectioning. 

In addition, use of only traditional methods could lead to questioning whether the externally visible 

defects are an indication of incipient internal defects, or even whether defects initiated externally or 

internally may be ultimately responsible for instrument fracture. Strictly speaking, defects initiated 

internally—whether from manufacturing or acquired during use—could be ultimately responsible for rupture, 

regardless of the concomitant existence of defects initiated externally (and thus visible by traditional 

methods). Furthermore, according to Grad & Kerscher 29, fatigue crack initiation in high‐strength steels at 

surface inclusions is linked to high stress amplitudes. Low stress amplitudes are associated with crack 

initiation at subsurface inclusions. 

To our knowledge, there are no previous reports in the literature utilizing micro-CT technology to 

assess the progressive structural deterioration of endodontic instruments, which is why no significant 

comparison is possible between the results of the present study and those of other authors. In this sense, 

the present study has a preliminary and exploratory character. 

In a pioneering study, Al Jabbari et al. 30 used x-ray micro-CT to quantify the surface area, volume 

and specific area (total surface area per unit of mass) of NiTi Flex- Master files (#20, #25 and #30, taper 

.04), correlating these variables with nominal ISO sizes, and found that surface area and volume exhibited a 

roughly linear increase, whereas the specific surface area decreased abruptly towards the greater file sizes. 

The authors argued that the precise measuring of geometric features of endodontic files provided by micro-

CT provides a new approach for the characterization of potential clinically-related properties such as cutting 

efficiency, loading of dentin debris etc. On the other hand, they ponder that their results may not have any 

immediate clinical implication, and must be combined with experimental data on clinical properties to 

establish possible correlations. 

Likewise, our results do not provide a direct and unequivocal causal or spatial association between 
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the progression of structural defects initiated on the surface and the ultimate loss of structural integrity of the 

instrument (i.e., its fracture). Nonetheless, they did provide an indication that there was a relatively gradual 

progression of cracks apparently initiated on the outer surface of the cutting angles toward the core of the 

instrument (Figure 3A). This observation could indicate the existence of a structural resistance threshold of 

the instrument, after which its structural collapse develops more rapidly. In other words, if this is confirmed, 

the structural deterioration of the test instrument would not have a linear character, and the instrument 

would then be susceptible to an irregular or even abrupt process of embrittlement from different degrees of 

superficially visible structural loss. A possible clinical implication of this observation is that the risk of 

instrument separation—whether imminent or otherwise—cannot be gauged safely based on a visual 

assessment of the degree of wear of it external surface. 

Future research may take advantage of this new application of micro-CT technology to study the 

behavior of new metal alloys and new instrument designs, in order to identify what combination of these 

factors promotes greater safety (while providing the same efficiency), based on the progression of its 

deterioration during use. 

Bonessio et al. 31 set out to validate the torsional analysis of WaveOne instruments based on a 

finite element model (FEA) against in vitro testing (according to standard ISO 3630-1), and found that the 

torsional profiles from the FEA agreed significantly with the in vitro results, although lower values of angular 

deflection or torque were observed at fracture in the in vitro tests, compared with FEA simulation. The 

authors considered these differences mainly attributable to non-standardized or imperfect specimen 

handling in the in vitro tests, and concluded by emphasizing the potential contribution of more sophisticated 

FEA simulations to evaluate unexpected sources of performance degradation. Nevertheless, they point out 

that numerical models still require validation based on experimental results to allow a reliable comparison of 

the mechanical behavior of different file systems. To this end, a micro-CT testing protocol for the 

progressive deterioration of endodontic instruments could be a valuable tool to complement FEA and other 

traditional mechanical testing methods. 

Comparisons of the internal structure of metal test specimens before and after the machining 

process could reveal important information about the influence of this process on the mechanical—and 

ultimately clinical—characteristics of the instruments produced. Future investigations should also compare 

micro-CT images of the same instrument at successive stages (e.g., after 1st, 2nd and 3rd use) with the 

images of different, fresh files used under standardized conditions and analyzed using a traditional, 

specimen-destructive method, taken at these same stages. This could provide some level of comparison for 

the micro-CT results—albeit, not in a rigorously controlled manner—and contribute to identify the 

occurrence of possible artifacts from micro-CT. 
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5 - CONCLUSIONS 

 
The micro-CT technique tested here for the qualitative assessment of endodontic files allowed the 

3D visualization of both the external surface and the core of the same instrument at different time points in 

the instrumentation process. In addition, the technique enabled the researchers to identify where cracks 

started and their progression during the course of instrument use with precision, as well as to observe 

possible internal defects prior to instrument use. 

This method can therefore be employed to evaluate the dynamics of the structural decay of 

endodontic instruments, and provide insight into the issues of instrument durability, repetitive use and 

procedural mishaps. Further investigation is warranted with a greater number of specimens and different 

experimental designs to explore the possibilities of applying this new method to assess different endodontic 

instrument designs more thoroughly, as well as to establish safe, specific and definitive usage protocols for 

each instrumentation system available to endodontists. 
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FIGURE LEGENDS 

 
 

Figure 1 - (A) the instrument in a stationary position; (B) image acquisition and single 

radiographic projections; (C) stack of raw 2D grayscale horizontal image slices and 

reconstructed volume. 

 
 

Figure 2 - (A) center-shift correction and (B) beam-hardening constant. Note that the center-shift = 

21.5 and the beam-hardening = 0.20 correspond to the images with the lowest degree of distortion. 

 
 

Figure 3 - Orthogonal planes and three different cross-sections (3D image): before use, and after the 

first, second and third uses. 

 
 

Figure 4 - Unused file (with apparent grooves from machining), progression of cracks during 

instrument use and fractured surface (slice with radiolucent areas and reconstructed volume). 

 
 

Figure 5 - Acrylic block (left), instrument scanned outside (center) and inside the block (right), with 

a representation of the internal forces acting on a section of the instrument. 
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5 – CONSIDERAÇÕES 

 

Os achados do presente estudo demonstraram que a utilização da 

perfilometria óptica 3D sem contato e da micro-CT, na avaliação de instrumentos 

endodônticos, proporcionaram resultados de interesse clínico. As metodologias 

examinadas possibilitaram a avaliação de um mesmo instrumento antes e após 

cada uso sem que ocorresse o risco de sofrer dano durante o preparo da amostra 

para análise21/2. Vale lembrar que as metodologias citadas permitiram um 

acompanhamento do processo de desgaste e ou deterioração do mesmo 

instrumento5,6/1. 

Foi notório que a perfilometria óptica 3D sem contato permitiu que fosse 

observado sempre as mesmas áreas avaliadas ao longo das análises, em cada 

etapa. Isso possibilitou uma avaliação quantitativa e qualitativa segura da região 

analisada5,6/1, detectando-se a presença de um grande número de defeitos nas 

superfícies das regiões de passo dos instrumentos Reciproc e WaveOne. 

Atualmente a literatura não apresenta relatos quanto ao emprego da micro-

CT para avaliar os instrumentos endodônticos externa e internamente. Diante dos 

resultados encontrados no presente estudo, verificou-se a capacidade do método 

em visualizar o núcleo do instrumento sem que houvesse fratura, demonstrando 

ser uma vantagem em relação a perfilometria. 
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6 – CONCLUSÕES 

  

 A perfilometria mostrou ser uma técnica de investigação capaz de fornecer 

uma avaliação precisa e reproduzível da região de passo dos instrumentos 

NiTi, qualitativa e quantitativamente.  

 Em relação a micro-CT permitiu identificar o início e o final do dano gerado, 

interna e externamente na amostra, demonstrando ser um método viável no 

estudo dos instrumentos endodônticos. 

 

 

 

 


