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Senhor, eu sei que tu me sondas,
Senhor, eu sei que tu me amas.
Senhor, eu sei que tu me sondas,

Sei também que me conheces,
Se me assento ou me levanto,

Conheces meus pensamentos.

Senhor, eu sei que tu me sondas,
Senhor, eu sei que tu me amas.
Quer deitado ou quer andando,
Sabes todos meus passos,

E antes que haja em mim palavras,

Sei que em tudo me conheces.

SALMO 138(139)



O que eu tenho de bom é pra dar aos meus irmaos!
Meu sorriso ndo é s6 meu, foi Deus quem me deu

este sorriso que néo é so meu!

O que eu tenho de bom é pra dar aos meus irmaos!
Meu brinquedo néo é s6 meu, foi Deus quem me deu

este brinquedo que néo é s6 meu!

O que eu tenho de bom é pra dar aos meus irmaos!
Meu alimento ndo é sé meu, foi Deus quem me deu

este alimento que ndo é s6 meu!

O que eu tenho de bom é pra dar aos meus irmaos!

Meu dinheiro ndo é s6 meu, foi Deus quem me deu

este dinheiro que ndo é sé meu!

Canto de Preparacéao das Oferendas

(41° Curso: 08.11, p. 20, faixa 10, p. 47)
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RESUMO

Objetivo: Avaliar o indice de transporte (IT) e a capacidade de centralizagao
(CC) do preparo do canal radicular com instrumentos endodénticos de niquel-
titdnio acionados em rotagdo continua e reciprocante. Materiais e métodos:
Noventa e seis canais mesiovestibulares de molares inferiores (primeiro e
segundo) foram aleatoriamente divididos em 06 grupos (n=16), de acordo com o
instrumento rotatoério utilizado: Grupo 1- ProTaper Next®; Grupo 2- ProTaper
Gold®; Grupo 3- Mtwo®; Grupo 4- BioRaCe®; Grupo 5- WaveOne Gold®; Grupo
6- Reciproc®. A técnica de preparo do canal radicular obedeceu a orientagdo dos
fabricantes. Tomografia computadorizada de feixe conico foi realizada antes e
ap6s o preparo dos canais radiculares. Foram estabelecidos 06 niveis para a
realizagdo das mensuragbes nas imagens: 2, 3 e 4 mm aquém do vértice
radicular e 2, 3 e 4 mm abaixo da furca. O indice de transporte e a capacidade
de centralizacdo foram analizados conforme proposto por Gambill et al. (1996).
Resultados: O maior IT no sentido mesiodistal (MD) foi observado com o
Reciproc® (p<0,05), enquanto que no sentido vestibulolingual (VL) foram
verificados com Reciproc®, ProTaper Gold® e ProTaper Next® (p<0,05). Os
maiores valores de CC(MD) e (VL) foram observados com os sistemas
BioRaCe® (p<0,05) e BioRaCe® e Mtwo® (p<0,05), respectivamente. Conclusio:
Todos os sistemas promoveram transporte do canal radicular. Nenhum
instrumento mostrou capacidade de centralizacdo do preparo perfeita. O
Reciproc® obteve os valores maiores de IT(MD) e (VL). O sistema BioRaCe®
apresentou a maior CC(MD), enquanto que no sentido (VL) o BioRaCe® e Mtwo®
mostraram capacidades similares.

Palavras-chave: Endodontia, preparo de canal radicular, tomografia
computadorizada de feixe conico.
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ABSTRACT

Objective: To evaluate transportation (T) and centering ability (CA) of root
canal preparations using continuous or reciprocating nickel-titanium
endodontic files. Material and methods: Ninety-six mesiobuccal root canals
of mandibular first and second molars were randomly divide into 6 groups
(n=16) according to the rotary file used: Group 1- ProTaper Next®; Group 2-
ProTaper Gold®; Group 3- Mtwo®; Group 4- BioRaCe®; Group 5- WaveOne
Gold®; Group 6- Reciproc®. Root canals were prepared according to
manufacturer’s instructions. Cone-beam computed tomography scans were
obtained before and after canal preparation. Measurements were made at
five different points: 2, 3 and 4 mm from the apex and 2, 3 and 4 mm below
furcation. Transportation and centering ability were analyzed following the
recommendations made by Gambill et al. (1996). Results: The greatest
mesiodistal (MD) transportation (T) was found for Reciproc® files (p<0.05),
and the greatest buccolingual (BL) T, for Reciproc®, ProTaper Gold® and
ProTaper Next® files (p<0.05). The greatest mesiodistal (MD) centering
ability (CA) was found for BioRaCe® files (p<0.05), and the greatest
buccolingual (BL) CA, for BioRaCe® and Mtwo® files (p<0.05). Conclusion:
All systems produced root canal transportation. No file system achieved
perfect CA of root preparation. Reciproc® files had the greatest MD T and BL
T. BioRaCe® files had the greatest MD CA, whereas BL CA was similar for
BioRaCe® and Mtwo® files.

Key Words: Canal transportation, centering ability, cone beam computed

tomographic, endodontics, nickel-titanium instruments, reciprocating motion.
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1 INTRODUGAO

O mérito no preparo do canal radicular é esvaziar e alargar a cavidade
pulpar com manutengéo do formato original, curvatura e posi¢céo espacial do
forame apical (SCHILDER, 1974; PETERS, 2004). Erros iatrogénicos de
procedimentos (como degrau, perfuragdo, descentralizagdo do canal
radicular, transporte de forame apical) em canais radiculares curvos s&o
fatores de risco ao fracasso do tratamento endoddntico (ESTRELA et al.
2014).

A preservacéo da forma original de canais radiculares curvos € maior
em preparos com instrumentos flexiveis de niquel-titnio comparada a
instrumentos de ago inoxidavel (WALIA et al. 1988; ESPOSITO &
CUNNINGHAM, 1995). Os instrumentos de niquel-titinio acionados em
rotacdo continua e/ou em cinematica reciproca apresentam maior habilidade
em manter centralizado o preparo, e consequentemente diminuir o
transporte dos canais radiculares (CARVALHO et al. 2015; PAGLIOSA et al.
2015; GERGI et al. 2015).

Os instrumentos de niquel-titanio apresentam caracteristicas
especificas em relagdo a secgdo transversal, angulo de corte, conicidade,
numero de espiras e guia de penetragdo (BURKLEIN et al. 2012). As
propriedades mecanicas e o comportamento das ligas de niquel-titanio
podem variar de acordo com a composicdo quimica e os tratamentos
termomecanicos durante a fabricagdo (THOMPSON, 2000; KUHN et al.

2001).
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Os instrumentos ProTaper® apresentam conicidade mudltipla e
progressiva. O ProTaper Next® é fabricado com liga metalica do tipo M-Wire,
secgdo transversal retangular excéntrica, o que permite movimento de
“serpente” e maior capacidade de remocao de debris. O sistema ProTaper
Gold® apresenta caracteristicas semelhantes ao design do ProTaper
Universal® e seccdo transversal triangular. Estes instrumentos rotatdrios
apresentam propriedades metalurgicas mais avangadas que as ligas
metalicas de NiTi M-Wire, o que permite maior flexibilidade e resisténcia a
fadiga ciclica (BERNARDES et al. 2010; CAPAR et al. 2014; CEYHANLI et
al. 2014; ZHAO et al. 2014; GAGLIARDI et al. 2015; SABER et al. 2015). Os
instrumentos Mtwo® apresentam o desenho da seccéo transversal em forma
de “S”, duas arestas com angulo de corte positivo e pequena superficie de
contato, o que melhora sua flexibilidade, e provavelmente seu
comportamento no interior do canal radicular (YANG et al. 2011; MOKHTARI
et al. 2014). Os instrumentos RaCe® apresentam secgdo transversal
triangular com laminas de corte alternadas, o que proporciona maior
flexibilidade e capacidade de excisdo de dentina (CEYHANLI et al. 2014,
NABAVIZADEH et al. 2014; PASQUALINI et al. 2015; LIMOEIRO et al.
2016). Recentemente foi incorporado a endodontia contemporanea os
instrumentos WaveOne® e Reciproc®. Ambos confeccionados com ligas
metalicas de niquel-titanio M-Wire, com maior flexibilidade e resisténcia a
fadiga ciclica (BURKLEIN et al. 2012; PEDULLA et al. 2013; CAPAR et al.
2014; SHEN et al. 2016). Instrumentos com movimento reciprocante e uso

unico tem sido propostos como alternativa aos instrumentos de niquel-titanio
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acionados em rotacdo continua de diametros e conicidades variadas
(YARED, 2008).

A efetividade de alguns destes instrumentos foi verificada frente a
manutengdo da geometria e transporte do canal radicular, fratura do
instrumento endoddntico e fratura de dentina (PETERS, 2004; CAPAR et al.
2014; LOPES et al. 2013; KARATAS et al. 2015). Recentes estudos
mostraram o comportamento satisfatorio destes novos instrumentos quanto
ao alargamento, o transporte e a centralizagado do preparo em canais curvos
(CARVALHO et al. 2015; ZANETTE et al. 2014; JAIN et al. 2015). Os
recursos envolvendo imagens mais comumente empregados para a
determinacdo dos erros de procedimentos operatorios incluem as
radiografias periapicais (BURKLEIN et al. 2013; OLIVIERI et al. 2014;
SABER et al. 2015; BURKLEIN et al. 2015), a microscopia eletrénica de
varredura (SCHAFER & VLASSIS, 2004), a microtomografia
computadorizada (PETERS et al. 2015; ALMEIDA et al. 2015; PASQUALINI
et al. 2015; LIMOEIRO et al. 2016; AMARAL et al. 2016), e a TCFC
(GAMBILL et al. 1996; PETERS et al. 2001; ALENCAR et al. 2010; GERGI et
al. 2010; CAPAR et al. 2014; CARVALHO et al. 2015; HOPPE et al. 2016).

O padrdo para se determinar as alteragcbes morfolégicas apos o
preparo do canal radicular em relagdo as areas desgastadas devem ser
cuidadosamente analisados. A verificagdo do indice de transporte radicular e
a capacidade de centralizacdo do preparo, em niveis cervical e apical, em
direcdo mesiodistal e vestibulolingual em imagens de tomografia
computadorizada de feixe cOnico pode favorecer a incorporacdo de um

método com importante referencial.
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2 OBJETIVOS

OBJETIVO GERAL
Determinar o indice de transporte e a capacidade de centralizagéo do
preparo do canal radicular com instrumentos de niquel-titanio acionados em

cinematica de rotacéo continua e reciprocante.

OBJETIVOS ESPECIFICOS

1. Avaliar instrumentos de niquel-titanio quanto ao indice de
transporte do canal radicular e a capacidade de centralizagdo do preparo do
canal radicular nos sentidos mesiodistal e vestibulolingual;

2. Verificar o indice de transporte e a capacidade de centralizagao
apos o preparo do canal radicular nos niveis 2, 3 e 4 mm aquém do veértice

radicular e 2, 3 e 4 mm abaixo da furca.
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3 MATERIAIS E METODOS

Tipo de estudo

Este € um estudo laboratorial em ex vivo para comparacao do indice
de transporte do canal radicular e da capacidade de centralizagao do
preparo do canal radicular entre instrumentos de niquel-titanio acionados em
cinematica de rotagdo continua e reciprocante, realizado em molares
inferiores humanos e avaliado em imagens de tomografia computadorizada
de feixe conico.
Selecgao e preparo das amostras

Este estudo foi aprovado pelo comité de ética em pesquisa da
Universidade Federal de Goias (CAAE: 53712816.1.0000.5083). Primeiros e
segundos molares inferiores permanentes humanos foram obtidos no servigo
de urgéncia odontologica da Faculdade de Odontologia da Universidade
Federal de Goias. Os dentes foram armazenados em solugao de timol 0,2%.
Critérios de incluséo

Radiografias periapicais pré-operatérias de cada dente foram
realizadas para a sele¢gdo da amostra dentro dos critérios adotados. Para
padronizagdo das imagens dos dentes foi utilizada uma plataforma. As
radiografias foram adquiridas em aparelho de raio-x Spectro X70 Eletronic
(Dabi Atlante, Ribeirdo Preto, SP, Brasil) e sensor digital RVG 5100
(Carestream Dental, Atlanta, EUA) usando a técnica do paralelismo. Todas
as imagens foram avaliadas pelo software do sensor digital RVG 5100

(Carestream Dental, Atlanta, EUA).
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Os critérios de inclusdo foram dentes com auséncia de reabsor¢des
radiculares (internas e/ou externas), fraturas radiculares e canais radiculares
obliterados, cavidade pulpar intacta e rizogénese completa.

Critérios de excluséo

As imagens iniciais foram adquiridas no tomoégrafo Prexion 3D
scanner (PreXion 3D Inc., San Mateo, EUA). As imagens foram capturadas
com espessura de 0,110 mm (dimensdes de 1,170 X 1,570 X 1,925 mm),
FOV de 81,00 X 75 mm, voxel de 0,900 mm, em 33,5 s (1.024
visualizagbes). A voltagem do tubo foi de 90 KVP e a corrente do tubo de 4
mA. Para a anadlise das imagens, foi utilizado o software do proprio
tomdgrafo Prexion (Prexion 3D Viewer, TeraRecon Inc, Foster City, EUA) em
uma estacdo de trabalho PC com o Windows 8 Professional (Microsoft
Corp., Redmond, EUA), equipado com um processador Intel i7 2,86 Ghz
(Intel Corp., Santa Clara, EUA), NVIDIA GeForce 6200 turbo cache
videocard (NVIDIA Corp., Santa Clara, EUA), e monitor ELZO-Flexscan
S2000 com resolugdo de 1600 X 1200 pixels (ELZO NANAO Corp.,
Hakusan, Jap&o).

Como critérios de exclusdo foram considerados dentes com
comprimento maior que 22 mm, canais radiculares mesiovestibulares com
mais de um forame apical e raio de curvatura menor que 4 mm e maior que
8 mm, de acordo com o método proposto por ESTRELA et al. (2008). Para a
determinagao do raio de curvatura do canal radicular curvo foram tragadas
duas linhas retas de 6 mm sobrepostas ao canal radicular, sendo a linha
primaria a que representou a continuidade da regido apical e a secundaria, a

continuidade dos tercos médio e cervical. Independentemente do
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comprimento da linha secundaria, apenas os 6 mm mais proximos a linha
primaria foram utilizados para medir. Posteriormente, o ponto médio de cada
linha foi determinado e duas linhas perpendiculares foram tragcadas até o
ponto central, denominado centro da circunferéncia. A distancia entre o
centro da circunferéncia e o centro de cada linha (primaria e secundaria) foi
estabelecido como o raio da circunferéncia, o que determinou a magnitude
da curvatura.
Preparo dos canais radiculares

No momento do experimento, os dentes foram lavados em agua
corrente com o objetivo de remover tragos da solugdo de timol e secados
com toalhas de papel absorvente. A seguir, o0s mesmos foram imersos em
hipoclorito de sédio a 5% durante 30 minutos para a remocg¢ao de tecido
organico.

Um total de 96 canais mesiovestibulares de molares inferiores
constituiram a amostra do presente estudo, os quais foram distribuidos
aleatoriamente em 06 grupos (n=16), conforme os sistemas rotatorios

utilizados:

Quadro 1- Distribuigdo da amostra de acordo com o instrumento rotatério.

Grupos Sistemas Ultimo Instrumento Fabricante
Grupo 1 ProTaper Next® X4 Dentsply/Maillefer
Grupo 2 ProTaper Gold® F4 Dentsply/Maillefer
Grupo 3 Mtwo® 40/.04 VDW Dental
Grupo 4 BioRaCe® BR5 FKG Dentaire
Grupo 5 WaveOne Gold® WaveOne Gold Large | Dentsply/Maillefer
Grupo 6 Reciproc® R40 VDW Dental
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As aberturas coronarias foram realizadas com pontas diamantadas
esféricas (#1013, #1014; KG Sorensen, Barueri, SP, Brasil) e broca Endo Z
(Dentsply/Maillefer, Suica), ambas sob refrigeracdo e em alta rotacéo.
Posteriormente, os canais radiculares mesiovestibulares foram explorados e
esvaziados com auxilio de lima manual de ago inoxidavel tipo K #10 e 15
(Dentsply/Maillefer, Suiga). O preparo do tergo cervical foi realizado com a
utilizagdo dos instrumentos de cada sistema destinados para esta fungdo. O
comprimento de trabalho foi determinado com auxilio de lima tipo K #15
(Dentsply/Maillefer, Suica) até obter-se a visualizagcdo do instrumento
endodontico através do forame apical. Deste comprimento foi recuado um
milimetro, para obtencdo do comprimento real de trabalho.

A técnica de preparo do canal radicular obedeceu a orientagdo dos
fabricantes. Todos os instrumentos foram acionados pelo motor X-Smart
Plus® (Dentsply/Maillefer, Suica), e os canais radiculares irrigados com
hipoclorito de sodio a 2,5% (Rioquimica, Sdo José do Rio Preto, SP, Brasil),
utilizando-se a seringa de irrigagcdo Navitip (Ultradent Products Inc., South
Jordan, EUA). Durante o processo de sanificagdo do canal radicular, utilizou-
se 30 mL de irrigante. Ap6s o ultimo instrumento ter alcangado o
comprimento de trabalho em rotagéo livre, este foi removido, e considerado
finalizado o preparo. A paténcia foi verificada utilizando-se uma lima K #15
(Dentsply/Maillefer, Suiga). Concluida a instrumentagdo, os canais
radiculares foram secos com cone de papel absorvente (Dentsply,
Petropolis, RJ, Brasil) de calibre correspondente ao ultimo instrumento e a
seguir, irrigados com 5 mL de EDTA 17% (F&A Laboratério Farmacéutico

Ltda, Sédo Paulo, SP, Brasil), que permaneceu por 3 minutos. Apos a
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irrigacdo final com 5 mL de NaOCI| 2,5% os canais radiculares foram
secados novamente.

Cada instrumento endoddntico foi utilizado para preparar um unico
canal radicular. Todos os preparos de canais radiculares foram realizados
por um especialista em endodontia, com mais de quinze anos de
experiéncia.

Posterior ao preparo dos canais radiculares, imagens finais de
tomografia computadorizada de feixe cbnico foram obtidas para a
determinacao do indice de transporte do canal radicular e da capacidade de
centralizacdo do preparo do canal radicular dos instrumentos endodénticos.
O mesmo protocolo descrito anteriormente para a aquisicdo das imagens
iniciais foi utilizado e a ferramenta de sincronizagédo de imagens do software
do tomografo Prexion (Prexion 3D Viewer, TeraRecon Inc, Foster City, EUA)
foi aplicada nos planos axial, coronal e sagital.

Os niveis estabelecidos para a realizacdo das mensuragdes nas
imagens dos canais radiculares foram: 1- 2 mm aquém do vértice radicular;
2- 3 mm aquém do vértice radicular; 3- 4 mm aquém do vértice radicular; 4-
2 mm abaixo da furca; 5- 3 mm abaixo da furca; 6- 4 mm abaixo da furca. A
navegacao no plano axial das imagens sincronizadas foi iniciada no vértice
radicular, tanto nas imagens iniciais quanto nas finais, até atingir os niveis
estabelecidos no ter¢co apical. Para as mensuragcdes no terco cervical a
navegacao iniciou na furca e estendeu-se até 4 mm abaixo. Para facilitar as
mensuragdes, ajustes de ampliagdo, brilho e contraste disponiveis no

programa foram utilizados.

Materiais e Métodos 9



Analise do transporte do canal radicular

A analise das imagens para verificar o transporte do canal radicular foi
realizada utilizando a metodologia proposta por GAMBILL et al. (1996). O
indice de transporte do canal radicular foi determinado nos sentidos
mesiodistal e vestibulolingual nos seis niveis descritos anteriormente e
correspondeu a variagao, em milimetros, do desvio do eixo central do canal
radicular apds a instrumentacéo. O transporte do canal radicular no sentido
mesiodistal foi estabelecido a partir da mensuragao da menor distancia entre
a imagem das paredes mesial e distal do canal radicular e a superficie
externa radicular mesial e distal, antes (M1 e D1) e apos (M2 e D2) o
preparo do canal radicular (Figura 1).

Igualmente, o transporte do canal radicular no sentido vestibulolingual
foi determinado a partir da mensuragdo da menor distancia entre a imagem
das paredes vestibular e lingual do canal radicular e a superficie externa
radicular vestibular e lingual, antes (V1 e L1) e apds (V2 e L2) o preparo do
canal radicular (Figura 1). Para a realizagdo das mensuragbes foi
empregado o software do tomoégrafo Prexion (Prexion 3D Viewer, TeraRecon
Inc, Foster City, EUA) em uma estacdo de trabalho PC com o Windows 8
Professional (Microsoft Corp., Redmond, EUA), equipado com um
preocessador Intel i7 2,86 Ghz (Intel Corp., Santa Clara, EUA), NVIDIA
GeForce 6200 turbo cache videocard (NVIDIA Corp., Santa Clara, EUA), e
monitor ELZO-Flexscan S2000 com resolugao de 1600 X 1200 pixels (ELZO
NANAO Corp., Hakusan, Japao). As mensuragdes foram realizadas por um
examinador em dois momentos distintos e mostraram, pelo teste de Kappa,

nivel de concordancia superior a 80% (K=0,882).
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O calculo do indice de transporte (IT) do canal radicular no sentido
mesiodistal (MD) e no vestibulolingual (VL) foi realizado utilizando-se a
seguinte férmula:

IT(MD) = (M1 — M2) — (D1 — D2)
IT(VL) = (V1 = V2) — (L1 - L2)

Quando a aplicagdo da férmula resultou em IT(MD) com valor
negativo foi considerado transporte do canal radicular no sentido distal, valor
positivo, transporte no sentido mesial, e quando igual a zero, como auséncia
de transporte. O resultado com valor negativo do IT(VL) foi estabelecido
como transporte do canal radicular no sentido lingual, valor positivo,
transporte no sentido vestibular, e quando igual a zero, como auséncia de
transporte.

Analise da capacidade de centralizagao do preparo do canal radicular

A analise da capacidade de centralizagao (CC) foi realizada de acordo
com a metodologia proposta por GAMBILL et al. (1996), os quais definiram a
capacidade de centralizacdo como a habilidade do instrumento endodéntico
em manter-se no eixo central do canal radicular. A determinagdo da CC foi
realizada a partir dos valores obtidos na mensuragao das distancias para o
calculo do IT.

Para o estabelecimento da CC do preparo do canal radicular, no

sentido mesiodistal e vestibulolingual, foi utilizada a seguinte formula:
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M1 — M2 D1 -D2

CC(MD) = —— ou CC(MD)= —8 —
D1-D2 M1 — M2
V1—V2 L1—L2

CC(VL)= — —— ou CC(VL)= —— ——
L1-L2 V1-V2

Na formula empregada foi selecionado como numerador o menor
valor das diferencas entre as mensuracdes das distancias antes e apos o
preparo. O resultado da aplicagao desta formula quando igual a um (CC = 1)
indicou capacidade de centralizagao perfeita do preparo do canal radicular

no sentido mesiodistal e/ou vestibulolingual, e quanto mais préximo de zero

(0 = CC = 0,999), menor a habilidade do instrumento em manter-se no eixo

central do canal radicular.
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A B

Figura 1. Imagem em tomografia computadorizada de feixe cdnico (plano axial) da raiz mesial do
molar inferior, 3 mm aquém do vértice radicular, para mensuragdo das distdncias nos sentidos
mesiodistal e vestibulolingual para determinacdo do indice de transporte do canal radicular.

(A) antes do preparo do canal radicular. (B) apds o preparo do canal radicular.
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Analise estatistica

Para analise estatistica, os dados originais referentes ao indice de
transporte do canal radicular e a capacidade de centralizagdo do preparo do
canal radicular foram digitados no programa Microsoft Office Excel (Microsoft
Corporation, Washington, EUA) e posteriormente exportados para o
programa IBM SPSS versao 20.0 (SPSS Inc., Nova York, EUA) para analise
estatistica. Foram descritas as variaveis pela mediana, valores minimos e
maximos e comparadas entre os instrumentos pelo teste de Kruskal Wallis e
entre as medidas nos seis niveis especificos do canal radicular pelo teste de
Friedman. As comparagdes foram ajustadas com o teste de Bonferroni. Foi

considerado um nivel de significancia de 5%.
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4 RESULTADOS

Todos os instrumentos avaliados mostraram medianas do IT(MD) do
canal radicular com valor positivo, ou seja, apresentaram transporte do canal
radicular no sentido mesial (Figura 2). Os menores IT(MD) foram verificados
com os sistemas Mtwo®, ProTaper Next®, BioRaCe®, ProTaper Gold® e
WaveOne Gold® sem diferenga significativa entre eles. O maior IT(MD) foi
observado com o Reciproc®, com diferenca significativa quando comparado
com os demais sistemas (p<0,05) (Tabela 1). Entretanto, quando avaliados
0s seis niveis pré-estabelicidos, a 2 mm aquém do vértice radicular néo
houve diferenga significativa entre os sistemas (Figura 3).

A analise do IT(VL) do canal radicular mostrou que as medianas de
todos os sistemas testados apresentaram valor positivo, ou seja, o
transporte do canal radicular ocorreu no sentido vestibular (Figura 4). Os
menores IT(VL) foram verificados com os sistemas Mtwo®, BioRaCe® e
WaveOne Gold® sem diferencga significativa entre eles; enquanto que, os
maiores IT(VL) foram observados com os sistemas Reciproc®, ProTaper
Gold® e ProTaper Next® com diferenca significativa quando comparado com
o Mtwo® (p<0,05) (Tabela 1). Apesar de, nos niveis 2 e 3 mm aquém do
vértice radicular e 2 mm abaixo da furca, ndo ter havido diferenga
significativa entre os instrumentos, nos pontos a 4 mm aquém do vértice
radicular e a 3 mm abaixo da furca, o Reciproc® apresentou maior IT(VL) do
que os demais sistemas com diferencga significativa (p<0,05). No entanto, a 4

mm abaixo da furca, os instrumentos Reciproc® e ProTaper Gold®
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apresentaram maior IT(VL) do que os outros com diferenga significativa
(p<0,05) (Figura 5).

Nenhum dos sistemas avaliados mostrou medianas de CC(MD) do
preparo do canal radicular com valor igual a um, ou seja, capacidade de
centralizacéo perfeita (Figura 6). O menor valor de CC(MD) foi observado
com o Reciproc®, com diferenca significativa quando comparado com os
demais instrumentos (p<0,05), enquanto que o maior valor foi verificado com
o sistema BioRaCe® com diferenca significativa entre eles (p<0,05) (Tabela
2). Entretanto, quando avaliados os seis niveis pré-estabelicidos, a 2 e 3 mm
aquém do vértice radicular e 2 mm abaixo da furca, ndo houve diferencga
significativa entre os sistemas (Figura 7). A 4 mm aquém do vértice radicular
o maior valor de CC(MD) foi encontrado com o BioRaCe® com diferenga
significativa entre os instrumentos ProTaper Next® e Reciproc® (p<0,05). No
nivel a 3 mm abaixo da furca o menor valor de CC(MD) foi encontrado com o
Reciproc® com diferenca significativa entre os demais (p<0,05). Quando
avaliado o nivel a 4 mm abaixo da furca os instrumentos WaveOne Gold® e
Reciproc® apresentaram menores valores de CC(MD) com diferenca
estatiticamente significativa entre os outros (p<0,05).

A analise da CC(VL) do preparo do canal radicular revelou que
nenhum dos sistemas pesquisados obteve valor das medianas igual a um,
ou seja, capacidade de centralizagdo perfeita (Figura 8). Os maiores valores
de CC(VL) foram observados com os instrumentos BioRaCe® e Mtwo® com
diferencga significativa quando comparado com os demais (p<0,05) (Tabela
2). Quando a CC(VL) foi avaliada nos niveis 2, 3 e 4 mm aquém do vértice

radicular e 2 e 3 mm abaixo da furca ndo foi detectada diferenca
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estisticamente significativa entre os instrumentos rotatérios. Porém, a 4 mm
abaixo da furca, o ProTaper Next® apresentou o menor valor da CC(VL) com
diferenga significativa entre o Mtwo® (p<0,05) (Figura 9).

A partir das mensuragdes dos seis niveis especificos nas imagens,
antes e apos o preparo do canal radicular foi observado menor IT(MD) a 2
mm aquéem do veértice radicular com diferenga significativa (p<0,05) (Tabela
3), e menor IT(VL) a 2 e 3 mm aquém do vértice radicular, porém, sem
diferenca significativa (Tabela 4).

Os maiores valores de CC(MD) ocorreram a 4 mm aquém do vértice
radicular, quando avaliados os niveis especificos, e os maiores valores de
CC(VL) observou-se a 3 mm abaixo da furca, entretanto, sem diferenca
significativa (Tabelas 5 e 6).

As Figuras 10 e 11 exibem imagens em TCFC em plano axial dos
canais radiculares mesiovestibulares, nos tergos cervical e apical, antes e
apés o preparo de acordo com os instrumentos endodonticos de NiTi

utilizados.
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Figura 3. indice de transporte do canal radicular no sentido mesiodistal
(mm) nos diferentes niveis do canal radicular.
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Figura 5. indice de transporte do canal radicular no sentido vestibulolingual
(mm) nos diferentes niveis do canal radicular.
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Figura 7. Capacidade de centralizagdo do preparo do canal radicular no
sentido mesiodistal nos diferentes niveis do canal radicular.
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Figura 9. Capacidade de centralizagcdo do preparo do canal radicular no
sentido vestibulolingual nos diferentes niveis do canal radicular.
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5 DISCUSSAO

As alteragbes da forma do canal radicular nos tergcos cervicais e
apicais foram identificados em todos os instrumentos estudados. Os
instrumentos Protaper Next®, Protaper Gold®, WaveOne Gold®, Mtwo® e
BioRaCe® mostraram os menores indices de transporte mesiodistal. No
sentido vestibulolingual os menores indices foram para os instrumentos
WaveOne Gold®, Mtwo® e BioRaCe®. Nao foi identificada diferenca
significativa do indice de transporte mesiodistal dos instrumentos estudados
em nivel de 2 mm aquém do vértice radicular. No sentido vestibulolingual
este fato ocorreu em nivel de 2 e 3 mm aquém do vértice radicular e 2 mm
abaixo da furca.

A capacidade de centralizacdo perfeita ndao foi encontrada em
nenhum dos sistemas, seja no sentido mesiodistal ou vestibulolingual. A
melhor capacidade de centralizacdo do preparo do canal radicular ocorreu
no sentido mesiodistal com o sistema BioRaCe®. Os maiores valores de
capacidade de centralizagdo vestibulolingual foram encontrados com os
sistemas BioRaCe® e Mtwo®. A capacidade de centralizagdo mesiodistal em
nivel de 2 e 3 mm aquém do vértice radicular e 2 mm abaixo da furca n&o
revelou diferencas significativas entre os sistemas. Contudo, no sentido
vestibulolingual ndo foi verificada diferenga significativa entre os sistemas
nos niveis 2, 3 e 4 mm aquém do vértice radicular e 2 e 3 mm abaixo da

furca.
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A determinagdo do indice de transporte e da capacidade de
centralizacdo do preparo do canal radicular foi baseada em modelo
previamente descrito por GAMBILL ef al. (1996). Estes autores utilizaram um
modelo de mensuragdes em planos axiais, a partir de apices de dentes
unirradiculares em sentido mesiodistal, com curvatura inferior a 10 graus.
Varios estudos aplicaram esta metodologia para a avaliagdo do indice de
transporte e capacidade de centralizacdo posterior ao preparo de canais
radiculares curvos (GERGI et al. 2010; MARZOUK & GHONEIM, 2013;
CAPAR et al. 2014; HONARDAR et al. 2014; CARVALHO et al. 2015; JAIN
et al. 2015; HOPPE et al. 2016).

No presente estudo foram utilizados os canais mesiovestibulares de
molares inferiores com raio de curvatura maior que 4 mm e menor que 8 mm
(ESTRELA et al. 2008). Foram consideradas duas areas de importancia
clinica como referencial de analise (2 a 4 mm abaixo da furca e 2 a 4 mm
aquém do vértice radicular), em duas dire¢des (mesiodistal e
vestibulolingual), analisadas em imagens de tomografia computadorizada de
feixe cbénico de alta resolucao.

A manutencdo da forma posterior ao preparo de canais radiculares
curvos com instrumentos de aco inoxidavel, de niquel-titdnio acionados em
cinematica de rotagdo continua e reciprocante usando diferentes métodos
experimentais tem sido avaliada em canais artificias (WU et al. 2015; LIU &
WU, 2016), em microscopia eletronica de varredura (SCHAFER & VLASSIS,
2004), em dentes humanos por meio de utilizagdo de imagens radiograficas
periapicais (JAVAHERI & JAVAHERI, 2007; GARCIA et al. 2012; BURKLEIN

et al. 2012; BURKLEIN et al. 2013; OLIVIERI et al. 2014; FERRARA et al.
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2015; SABER et al. 2015; BURKLEIN et al. 2015), em microtomografia
computadorizada (LOIZIDES et al. 2007; PAQUE et al. 2011; YANG et al.
2011; STERN et al. 2012; GERGI et al. 2014; JUNAID et al. 2014; ZHAO et
al. 2014; HWANG et al. 2014; GERGI et al. 2015; GAGLIARDI et al. 2015;
PETERS et al. 2015; ALMEIDA et al. 2015; PASQUALINI et al. 2015;
LIMOEIRO et al. 2016; AMARAL et al. 2016), e com TCFC (GAMBILL et al.
1996; PETERS et al. 2001; HARTMANN et al. 2007; GERGI et al. 2010;
CAPAR et al. 2014; HONARDAR et al. 2014; JAIN et al. 2015; CARVALHO
et al. 2015; HOPPE et al. 2016).

A possibilidade da correta analise da geometria do canal radicular em
diferentes planos que permitam analise tridimensional, e a visdo em plano
axial que evita uma sobreposicdo de estruturas tem valorizado o uso da
TCFC como potencial método nao destrutivo (GAMBILL et al. 1996;
PETERS et al. 2001; ESTRELA et al. 2008).

Neste estudo, pode-se verificar que em ambos os sentidos
(mesiodistal e vestibulolingual) ocorreram mudangas na forma do canal
radicular (Figuras 2 e 4). A verificagcdo da ocorréncia de alteragbes
morfolégicas no preparo de canais radiculares curvos pode ser feita com
precisdo em sentido vestibulolingual em imagens de TCFC. As maiores
alteragdes morfoldgicas foram verificadas no sentido mesiodistal.

O comportamento dos instrumentos ProTaper Next®, ProTaper Gold®,
WaveOne Gold®, Mtwo®, BioRaCe® e Reciproc® frente ao transporte e
centralizacdo da forma apdés o preparo de canais radiculares curvos
encontrados estdo de acordo com os resultados de prévias investigagdes, os

guais mostraram capacidade de manutencao satisfatoria da forma do canal
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radicular (YANG et al. 2011; GARCIA et al. 2012; BURKLEIN et al. 2015;
GAGLIARDI et al. 2015). E importante realgar nestes estudos, que embora
0s novos instrumentos incorporados a endodontia tenham demonstrado um
comportamento frequente favoravel a manutengao da forma apds o preparo
do canal radicular, os métodos de avaliacbes, os niveis de avaliacbes dos
tercos radiculares, e os graus de alargamentos empregados foram diferentes
(SCHAFER & VLASSIS, 2004; BURKLEIN et al. 2012; WU et al. 2015;
AMARAL et al. 2016). No presente estudo, os canais radiculares foram
alargados com instrumentos correspondentes aos diametros e conicidades
40/.04, 40/.06 e 45/.05. A discussédo sobre o quanto se deve alargar um
canal radicular ainda deve ser objeto de futuros estudos. WU et al. (2000)
reportaram que a instrumentagdo depende da morfologia e espessura das
paredes do canal radicular, além da conicidade do instrumento selecionado.
De outro lado , estudos tem destacado que nem todas as paredes tem sido
tocadas pelos instrumentos durante o preparo do canal radicular (PETERS,
2004; PETERS & PAQUE, 2010). Em diferentes grupos dentarios, quando o
alargamento apical ocorrer até 350 um, nem todas as paredes s&o tocadas
(WU et al. 2002; BARROSO et al. 2005; VANNI et al. 2005; PECORA et al.
2005; IBELLI et al. 2007; SCHMITZ et al. 2008). Neste estudo, a ampliagédo
apical ocorreu com instrumentos de didametro acima de 350 um, o que
possibilitou comparar o comportamento de instrumentos de maior didmetro e
conicidade em canais radiculares curvos. Além do mais permite a acdo dos
mesmos em maior area nas paredes no canal radicular, o que favorece a
penetracdo da canula irrigadora e consequentemente a agdo de agentes

antimicrobianos. Apesar deste grau de alargamento, o comportamento dos
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instrumentos frente ao indice de transporte e capacidade de centralizagdo do
preparo do canal radicular mostrou-se satisfatorio (Figuras 2, 4, 6 e 8). Em
estudo prévio (PASTERNAK-JUNIOR et al. 2009), a atuagdo dos
instrumentos RaCe® de diametro e conicidade 35/.02 e 50/.02 apds o
preparo de canais radiculares curvos nao caracterizou diferengas quanto ao
transporte do canal radicular e capacidade de centralizagao do preparo.

A selecdo dos instrumentos analisados no presente estudo ocorreu
devido as caracteristicas morfologicas, propriedades mecéanicas,
composi¢cdo quimica e capacidade de manter a forma original de canais
radiculares curvos devido a flexibilidade (THOMPSON, 2000; KUHN et al.
2001; BURKLEIN et al. 2012; CARVALHO et al. 2015; PAGLIOSA et al.
2015; GERGI et al. 2015). As caracteristicas dos instrumentos endoddnticos
estudados apresentam diferengcas quanto a secc¢ao transversal, diametro,
conicidade, tipo e tratamento termomecanico da liga e o design da ponta
(BURKLEIN et al. 2012; BURKLEIN et al. 2015; GAGLIARDI et al. 2015;
GERGI et al. 2015; SABER et al. 2015). Comparando os instrumentos
ProTaper® (ProTaper Universal®, ProTaper Next® e ProTaper Gold®) entre
si, os instrumentos ProTaper Gold® apresentam uma tecnologia na
confecgdo metalurgica com tratamento térmico, o que proporciona maior
resisténcia a fadiga ciclica e flexibilidade, resultando em menor transporte
apical em relagdo ao ProTaper Universal® e ProTaper Next® (GAGLIARDI et
al. 2015). Os instrumentos Mtwo® sdo confeccionados com liga de niquel-
titanio convencional. Os instrumentos BioRaCe®, em consequéncia da
pequena area de secgao transversal, relacionado a sua flexibilidade, e

ldminas de corte alternadas, para prevencgao de parafusamento, permitem o
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preparo de canais radiculares curvos, sem alteragdo da anatomia original
(SABER et al. 2015; PASTERNAK-JUNIOR et al. 2009). Os instrumentos
Reciproc® e WaveOne® apresentam conicidades elevadas nos 3 mm da
ponta (DO - D3) (YARED, 2008; BURKLEIN et al. 2012; SABER et al. 2015;
SHEN et al. 2016). Além dos desenhos das secgdes transversais, uma
caracteristica importante pode ser atribuida ao tratamento térmico da liga
metalica do tipo M-Wire, a qual confere maior flexibilidade ao instrumento
(PEREIRA et al. 2012; BURKLEIN et al. 2012; PEDULLA et al. 2013; CAPAR
et al. 2014; SHEN et al. 2016).

A variagdo nas metodologias utilizadas nos diferentes estudos
particularmente frente ao grau de alargamento apical e aos critérios de
avaliacbes e ferramentas para avaliagdo justificam as diferencas
encontradas. No entanto, parece consenso que instrumentos rotatérios de
niquel-titanio proporcionam pequenos indices de transporte apical e
manutencao da centralizagdo do preparo dos canais radiculares.

BURKLEIN et al. (2015) analisaram a efetividade de modelagem de
canais radiculares severamente curvos com instrumentos rotatorios
(ProTaper Universal®, ProTaper Next®, BT-RaCe® e Mtwo®) com diametro
apical correspondente a 400 um. Os instrumentos testados promoveram
manutengdo da curvatura dos canais radiculares além de se mostrarem
seguros. O comportamento dos instrumentos rotatérios ProFile® e RaCe®
frente ao transporte do canal radicular em molares inferiores foi avaliado em
radiografias periapicais por GARCIA et al. (2012). O grau de alargamento
apical foi correspondente ao instrumento com didmetro e conicidade de

40/.04. Os resultados ndo mostraram diferengas significativas no indice de
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transporte apical do canal radicular. YANG et al. (2011) compararam o
ProTaper Universal® e o Mtwo® na geometria do canal radicular. Ambos
instrumentos promoveram adequada manutengdo da geometria apdés o
preparo dos canais radiculares. GAGLIARDI et al. (2015) avaliaram o indice
de transporte e a capacidade de centralizacdo em canais radiculares curvos
de molares inferiores com o emprego dos instrumentos ProTaper Gold®,
ProTaper Next® e ProTaper Universal® usando microtomografia
computadorizada. O grau de alargamento apical correspondeu aos
instrumentos com 250 um. Os instrumentos ProTaper Gold® e ProTaper
Next® produziram menos transporte e maior capacidade de centralizacdo do
preparo do canal radicular do que o ProTaper Universal®.

Os instrumentos rotatorios com cinematica reciprocante também
apresentaram comportamento satisfatério frente ao indice de transporte e
capacidade de centralizacdo do preparo de canais radiculares curvos nos
diferentes niveis estudados (tercos cervical e apical). CAPAR et al. (2014)
compararam o efeito do OneShape®, ProTaper Universal®, ProTaper Next®,
Reciproc® R25, Twisted File Adaptive® e WaveOne® Primary no transporte
do canal radicular e capacidade de centralizacdo do preparo em canais
radiculares curvos utilizando imagem de tomografia computadorizada de
feixe conico. Os instrumentos mostraram indices de transporte e capacidade
de centralizacdo similares. CARVALHO et al. (2015) avaliaram o transporte
apical e a capacidade de centralizacdo do sistema reciprocante Reciproc®
associado a diferentes técnicas de esvaziamento do canal radicular. Os
canais radiculares preparados com a técnica de esvaziamento apresentaram

minimo transporte apical, e o sistema Reciproc® mostrou boa capacidade de
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centralizacdo do preparo do canal radicular. SABER et al. (2015)
compararam a capacidade de modelagem de canais radiculares com
curvaturas severas em molares humanos extraidos, com a utilizagdo dos
sistemas WaveOne® Primary, Reciproc® R25 e OneShape®. Todos os
instrumentos mostraram-se seguros. Os instrumentos WaveOne® Primay e
Reciproc® R25 foram mais eficientes na manutengéo da curvatura original do
canal radicular. BURKLEIN et al. (2012) compararam o Mtwo® 30/.05,
ProTaper Universal® F3, Reciproc® R25 e WaveOne® Primary na
modelagem de canais radiculares curvos de dentes extraidos em imagens
radiograficas periapicais. Todos os sistemas avaliados mantiveram a
curvatura original do canal radicular e foram seguros para o uso. AMARAL et
al. (2016) avaliararam, por meio de microtomografia computadorizada, o
transporte e centralizagdo dos canais radiculares preparados com
WaveOne® Primary associado ou ndo com ampliagbes prévias apical e
cervical. O alargamento cervical e/ou apical prévio resultou em redugéo do
transporte e melhor centralizagdo dos instrumentos em comparagdo com o
uso exclusivo do sistema WaveOne®.

O presente estudo mostrou que o preparo de canais radiculares
curvos com instrumentos de niquel-titanio acionados em rotagdo continua
(ProTaper Next®, ProTaper Gold®, Mtwo® e BioRaCe®) ou reciprocante
(WaveOne® Gold e Reciproc®) apresentaram baixos indices de transporte
radicular e valores satisfatdrios da capacidade de centralizagdo do preparo
do canal radicular. Outro aspecto de relevancia relaciona-se ao grau de
alargamento em canais radiculares curvos (raio de curvatura maior que 4

mm e menor que 8 mm) nos sentidos mesiodistal e vestibulolingual, que
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indicaram uma modelagem satisfatéria, indiferente aos niveis cervical e
apical.

A endodontia contemporénea alcancou um bom padrdo de
modelagem com o0s novos sistemas rotatorios de niquel-titanio, o que
interferiu diretamente na qualidade da obturagdo, e consequentemente no
sucesso e sobrevida do tratamento do canal radicular. Todavia, o desafio e
enigma da destruicdo do biofilme em areas inacessiveis aos instrumentos e

substancias antimicrobianas permanece como problema a futuros estudos.
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6 CONCLUSOES

De acordo com a metodologia empregada, pode-se concluir que:

1.

2.

Todos os instrumentos acionados em cinematica de rotagdo continua
e reciprocante promoveram transporte do canal radicular, e nenhum
mostrou capacidade de centralizagao perfeita do preparo. Os maiores
indices de transporte mesiodistal foram observados com os
instrumentos Reciproc®, e no sentido vestibulolingual com Reciproc®,
ProTaper Gold® e ProTaper Next®. O instrumento BioRaCe®
apresentou a maior capacidade de centralizagdo mesiodistal, € no
sentido vestibulolingual, o BioRaCe® e o Mtwo® mostraram
capacidades similares.

O menor indice de transporte mesiodistal foi identificado em nivel de 2
mm aquéem do veértice radicular. Os maiores valores de centralizagédo
no sentido mesiodistal foram observados a 4 mm aquém do vértice

radicular, e no sentido vestibulolingual a 3 mm abaixo da furca.
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Abstract

Objective: To evaluate transportation (T) and centering ability (CA) of root canal
preparations using continuous or reciprocating nickel-titanium endodontic files.
Material and methods: Ninety-six mesiobuccal root canals of mandibular first and
second molars were randomly divide into 6 groups (n=16) according to the rotary
file used: 1. ProTaper Next®; 2. ProTaper Gold®; 3. Mtwo®; 4. BioRaCe®; 5.
WaveOne Gold®; 6. Reciproc®. Root canals were prepared according to
manufacturer’s instructions. Cone beam computed tomography scans were
obtained before and after root canal preparation. Measurements were made at six
different reference points: 2, 3 and 4 mm from the apex and 2, 3 and 4 mm below
furcation. Transportation and centering ability were analyzed following the
recommendations made by Gambill et al. (1). Results: The greatest mesiodistal
(MD) transportation (T) was found for Reciproc® files (p<0.05), and the greatest
buccolingual (BL) T, for Reciproc®, ProTaper Gold® and ProTaper Next® files
(p<0.05). The greatest mesiodistal (MD) centering ability (CA) was found for
BioRaCe® files (p<0.05), and the greatest buccolingual (BL) CA, for BioRaCe® and
Mtwo® files (p<0.05). Conclusion: All systems produced root canal transportation.
No file system achieved perfect CA of root preparation. Reciproc® files had the
greatest MD T and BL T. BioRaCe® files had the greatest MD CA, whereas BL CA
was similar for BioRaCe® and Mtwo® files.

Keywords: Canal transportation, centering ability, cone beam computed

tomographic, endodontics, nickel-titanium instruments, reciprocating motion.
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Introduction

The purpose of root canal preparation is to clean and shape the pulp
cavity while preserving its original shape and curvature and the position of the
apical foramen (1-3). Procedural iatrogenic errors in the preparation of curved
root canals, such as zips, perforations, decentralized root canals, apical
foramen transport, are risk factors that may lead to root canal treatment failure
4, 5).

The original shape of curved root canals is better preserved when they
are prepared with flexible nickel-titanium files instead of stainless steel files
(6). The centering ability of continuous and reciprocating nickel-titanium files is
better than that of stainless steel files and, consequently, their root canal
transportation is reduced (7-9).

The cross-section, rake angle, taper, number of flutes and radial land of
nickel-titanium files have specific characteristics (10). The mechanical
properties and the behavior of nickel-titanium alloys may vary according to
their chemical composition and heat treatment during manufacture (11).

ProTaper® files have multiple and progressive tapers. ProTaper Next®,
manufactured from an m-wire alloy, has an eccentric rectangular cross-
section, which provides asymmetrical rotary motion and greater capacity to
remove debris. ProTaper Gold® has a triangular cross-section, which is similar
to the design of the ProTaper Universal® files. These rotary files have more
advanced metallurgic properties than those manufactured using NiTi m-wire
and, therefore, have greater flexibility and resistance to cyclic fatigue (12-14).
Mtwo® files have an S-shaped cross-section, two positive-rake-angle edges

and a small contact surface, which improves their flexibility and, probably, their
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performance inside the root canal (15). RaCe® files have a triangular cross-
section and alternate cutting blades, which results in greater flexibility and
better dentine excision capacity (16). WaveOne® and Reciproc® files have
recently been incorporated into contemporary endodontics. Manufactured
using m-wire nickel-titanium alloys, they have greater flexibility and resistance
to cyclic fatigue (10, 12, 17). Single-use reciprocating files have been
described as an alternative to continuous rotation nickel-titanium files of varied
diameters and tapers (18).

The effectiveness of some of these files has been analyzed considering
geometry preservation and root canal transportation, endodontic file fracture
and dentin fracture (3, 12). Recent studies have demonstrated their
satisfactory results in curved root canal enlargement, transportation and
centering (7, 10, 12). The imaging studies most often used to determine
procedural operative errors are periapical radiographs (4, 14, 19), scanning
electronic microscopy (20), micro-computed tomography (16, 21, 22), and
cone-beam computed tomography (CBCT) (1, 4, 7, 12, 23, 24).

The parameters to determine morphological changes in drilled areas
after root canal preparation should be carefully analyzed. Transportation and
centering ability during preparation at the cervical and apical levels in the
mesiodistal and buccolingual directions on CBCT images may be incorporated
into a method with a solid referential basis. Thus, this study evaluated the
transportation and centring ability of root canal preparation using continuous or
reciprocating nickel-titanium instruments with multidimensional imaging

method.
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Material and methods
Sample selection and preparation

This study was approved by the Ethics in Research Committee of the
Federal University of Goias, Goiéania, Brazil (CAAE: 53712816.1.0000.5083).
This study included human permanent mandibular first and second molars
obtained from the Dental Urgency Department of the School of Dentistry of the
Federal University of Goias. The specimens were stored in a solution of 0.2%
thymol.

Inclusion criteria

Preoperative periapical radiographs of each tooth were used for sample
selection according to selection criteria. A platform was used to standardize
tooth images. A Spectro X70 Electronic x-ray unit (Dabi Atlante, Ribeirdo
Preto, Brazil) and a RVG 5100 digital sensor (Carestream Dental, Atlanta, GA)
were used for lateral radiographs. All images were evaluated using the RVG
5100 software (Carestream Dental, Atlanta, GA).

Inclusion criteria were: teeth with no internal or external root
resorptions, fractures or calcifications; and with an intact pulp cavity and fully
formed roots.

Exclusion criteria

Baseline images were acquired using a Prexion 3D scanner (PreXion
3D Inc., San Mateo, CA). Image thickness was 0.110 mm (size: 1.170 mm X
1.570 mm X 1.925 mm), 81.00 mm X 75 mm FOV, 0.100 mm voxel, 33.5 s
scan time (1,024 matrix), 90 KVP and 4 mA. The images were analyzed using
the CT scanner software (Prexion 3D Viewer, TeraRecon Inc, Foster City, CA)

on an Intel i7 2.86 GHz (Intel Corp., Santa Clara, CA) Windows 8 Professional
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(Microsoft Corp., Redmond, WA) workstation equipped with an NVIDIA
GeForce 6200 turbo cache videocard (NVIDIA Corp., Santa Clara, CA) and a
1600 X 1200 pixels ELZO-Flexscan S2000 monitor (ELZO NANAO Corp.,
Hakusan, Japan).

Teeth were excluded if their length was greater than 22 mm, or if
mesiobuccal canals had more than one apical foramen or a curvature radius
smaller than 4 mm and greater than 9 mm, according to the method described
by Estrela et al. (25). To determine the curvature radius of curved root canals,
two 6-mm straight lines were superimposed to the root canal image: the
primary line defined the apical region, and the secondary, the middle and
cervical thirds. Regardless of the total length of the secondary line, only the 6
mm closest to the primary line were used for the measurements. The midpoint
of each line was determined, and two perpendicular lines were drawn to a
central point of a circumference, the circumcenter. The distance from
circumcenter to the midpoint of each line (primary and secondary) was the
circle radius, which represented the magnitude of the curvature.

Root canal preparation

The teeth were rinsed under running water to fully remove thymol
solution and then dried with absorbing paper towels. After that, they were
immersed in 5% sodium hypochlorite for 30 min to remove all organic tissues.

The study sample comprised 96 mesiobuccal canals of mandibular
molars randomly distributed into 6 groups (n=16) of different rotary systems: 1.
ProTaper Next® X4 (Dentsply/Maillefer, Switzerland); 2. Protaper Gold® F4

(Dentsply/Maillefer, Switzerland); 3. Mtwo® 40/.04 (VDW Dental, Germany); 4.
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BioRaCe® BR5 (FKG Dentaire, Switzerland); 5. WaveOne Gold® Large
(Dentsply/Maillefer, Switzerland); 6. Reciproc® R40 (VDW Dental, Germany).

A high-speed handpiece, round diamond burs (#1013, #1014; KG
Sorensen, Barueri, Brazil) and an Endo Z bur (Dentsply/Maillefer, Switzerland)
were used for coronal flaring under irrigation. After that, the mesiobuccal root
canals were explored and their contents were removed using K #10 and K #12
stainless steel handfiles (Dentsply/Maillefer, Switzerland). The cervical third
was prepared using the files for this area in each system under study. Working
length was determined using a K #15 file (Dentsply/Maillefer, Switzerland) and
confirmed by visualization of the file tip through the apical foramen. The file
was pulled back one millimeter to determine actual working length.

Root canals were prepared according to manufacturer’s instructions. An
X-Smart Plus® engine (Dentsply/Maillefer, Switzerland) was used for all files,
and the root canals were irrigated with 2.5% sodium hypochlorite freshly
prepared before use (Fitofarma, Goiania, Brazil) and delivered using a Navitip
irrigation tip (Ultradent Products Inc., South Jordan, UT). During canal
cleaning, 30 mL of irrigant was used. Canal preparation was completed when
the last file reached working length in free rotation and then removed. Patency
was checked with a K #15 file (Dentsply/Maillefer, Switzerland). After
instrumentation was completed, the root canals were dried with absorbing
paper points (Dentsply, Petrépolis, Brazil) of the same caliber as the last file
and then irrigated with 5 mL of 17% EDTA (F&A Laboratério Farmacéutico
Ltda, S&o Paulo, Brazil) for 3 min. After the last irrigation with 5 mL of 2.5%

NaOCl, the root canals were dried again.
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Each endodontic file was used to prepare only one root canal. All the
root canals were prepared by an endodontist with over 15 years’ experience.

After preparation, final CBCT scans were obtained to evaluate
transportation and centering ability of the endodontic files. The same protocol
described for the acquisition of baseline images was followed, and the image
synchronization tool of the Prexion software (Prexion 3D Viewer, TeraRecon
Inc, Foster City, CA) was used for the axial, coronal and sagittal views.

The following reference points were used for measurements on the root
canal images: 1- 2 mm short of the apex; 2- 3 mm short of the apex; 3- 4 mm
short of the apex; 4-2 mm below furcation; 5-3 mm below furcation; 6-4 mm
below furcation. Navigation on the axial view of synchronized images started
at the root apex, both on baseline and final images, and moved to the
measurement points on the apical third. For the measurements on the cervical
third, navigation started at furcation and moved down up to 4 mm. To facilitate
measurements, the enlargement, brightness and contrast tools available in the
software were used.
Analysis of root canal transportation

The evaluation of images to determine root canal transportation (T)
followed the method described by Gambill et al. (1). Root canal transportation,
determined in the mesiodistal and buccolingual directions at the six points
described above, corresponded to the variation, in millimeters, of the deviation
from the central axis of the root canal after preparation. Mesiodistal
transportation was the shortest distance between the mesial and distal walls of
the root canal and the external mesial and distal surface before (M1 and D1)

and after (M2 and D2) root canal preparation (Figure 1).
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In the same way, buccolingual root canal transportation was the
shortest distance between the images of the buccal and lingual wall of the root
canal and the external buccal and lingual surfaces before (B1 and L1) and
after (B2 and L2) root canal preparation (Figure 1). The images were analyzed
using the CT scanner software (Prexion 3D Viewer, TeraRecon Inc, Foster
City, CA) on an Intel i7 2.86 GHz (Intel Corp., Santa Clara, CA) Windows 8
Professional (Microsoft Corp., Redmond, WA) workstation equipped with an
NVIDIA GeForce 6200 turbo cache videocard (NVIDIA Corp., Santa Clara,
CA) and a 1600 X 1200 pixels ELZO-Flexscan S2000 monitor (ELZO NANAO
Corp., Hakusan, Japan). Measurements were made by one examiner at two
time points, and agreement was greater than 80% according to kappa
statistics (K=0.882).

Mesiodistal (MD) and buccolingual (BL) transportation was calculated
using the formula below:

T(MD) = (M1 — M2) — (D1 - D2) and T(BL) = (B1 - B2) — (L1 — L2). A
negative T(MD) result indicated distal transportation, whereas a positive
number indicated mesial transportation; a result of zero indicated no
transportation. A negative T(BL) result indicated lingual transportation,
whereas a positive number indicated buccal transportation; a result of zero
indicated no transportation.

Analysis of centering ability of root canal preparation

Centering ability (CA) was analyzed using the method described by
Gambill et al. (1), who defined centering ability as the capacity of an
endodontic file of preserving the central axis of the root canal. CA was

calculated using the distances measured to define transportation.
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Mesiodistal and buccolingual CA were calculated using the following
formula:
CA(MD) = (M1-M2) / (D1-D2) or CA(MD) = (D1-D2) / (M1-M2)
CA(BL) = (B1-B2) / (L1-L2) or CA(BL) = (L1-L2) / (B1-B2)
The numerator was the smallest difference between distances before
and after preparation. When the result was one (CA = 1), mesiodistal or

buccolingual CA was perfect, and the closest it was to zero
(0 = CC = 0.999), the poorest the centering ability was.

Statistical analysis

The original transportation and CA values were entered in a Microsoft
Office Excel spreadsheet (Microsoft Corporation, Redmond, WA) and later
exported to the IBM SPSS 20.0 software (SPSS Inc., Nova York, NY) for
statistical analyses. Data were described as median, minimum and maximum
values, and compared between files using the Kruskal-Wallis test, and
compared between specific points in the root canal using the Friedman test.
The Bonferroni correction was used to adjust comparisons. The level of

significance was set at 5%.

Results

All files under study had positive median T(MD), that is, all produced
mesial transportation (Figure 2). The lowest T(MD) was found for Mtwo®,
ProTaper Next®, BioRaCe®, ProTaper Gold® and WaveOne Gold systems,
and there were no significant differences between them. The greatest T(MD)
was found for Reciproc®, and the result was significantly different from those

found for the other systems (p<0.05) (Table 1). However, when the six points
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were evaluated, there were no significant differences between systems at 2
mm short of the apex.

The analysis of root canal T(BL) revealed that the median values of all
systems under study were positive, that is, transportation occurred in the
buccal direction (Figure 3). The lowest T(BL) values were found for the Mtwo®,
BioRaCe® and WaveOne Gold® systems, with no significant differences
between them; the highest T(BL) values were found for the Reciproc®,
ProTaper Gold® and ProTaper Next® systems, and their differences from the
other systems were statistically significant (p<0.05) (Table 1). Although there
were no significant differences between files at 2 mm and 3 mm short of the
apex and at 2 mm below furcation, the Reciproc® system had a greater T(BL)
than the other systems at 4 mm short of the apex and at 3 mm below furcation
(p<0.05). However, the Reciproc® and ProTaper Gold® systems had a greater
T(BL) than the other systems at 4 mm below furcation, and the difference was
significant (p<0.05).

No system under study had median values of CA(MD) equal to one,
that is, there was no perfect centering ability (Figure 4). The lowest CA(MD)
value was found for the Reciproc® system, and the difference from the other
systems was statistically significant (p<0.05), whereas the BioRaCe® system
had the highest values, and the difference between systems was also
statistically significant (p<0.05) (Table 2). However, when findings for the six
measurement points were compared, no significant differences were found
between systems at 2 mm and 3 mm short of the apex ad at 2 mm below
furcation. The highest CA(MD) value at 4 mm short of the apex was found for

the BioRaCe® system, and the values were statistically different from those
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found for the ProTaper Next® and Reciproc® systems (p<0.05). The lowest
CA(MD) at 3 mm below furcation was found for the Reciproc® system, and the
difference from the other systems was significant (p<0.05). The WaveOne
Gold® and Reciproc® systems had the lowest CA(MD) values at 4 mm below
furcation, and the differences from the other systems were statistically
significant (p<0.05).

The analysis of CA(BL) revealed that no system under study had
median values equal to one, that is, no system had perfect centering ability
(Figure 5). The highest CA(BL) values were found for the BioRaCe® and
Mtwo® systems, and the differences from the other systems were statistically
significant (p<0.05) (Table 2). The analysis of CA(BL) values at 2 mm, 3 mm
and 4 mm short of the apex and at 2 mm and 3 mm below furcation did not
reveal any statistically significant differences between systems. However, the
ProTaper Next® system had the lowest CA(BL) value at 4 mm below furcation,
and this result was statistically different from the value found for Mtwo®
(p<0.05).

The measurements at the six points before and after root canal
preparation revealed the lowest T(MD) was found at 2 mm short of the apex,
and this finding was statistically significant (p<0.05) (Table 3); and the lowest
T(BL) was found at 2 mm and 3 mm short of the apex, but the differences
were not statistically significant (Table 4).

The highest CA(MD) values were found at 4 mm short of the apex, and

the highest CA(BL), at 3 mm below furcation, but the differences between

systems were not statistically significant (Tables 5 and 6)
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Figures 6 and 7 show CBCT axial views of the cervical and apical thirds
of the mesiobuccal canals before and after preparation according to the type

of NiTi file used.

Discussion

Changes in root canal shape in the cervical and apical thirds were
found for all the files under study. The Protaper Next®, Protaper Gold®,
WaveOne Gold®, Mtwo® and BioRaCe® files had the lowest values of
mesiodistal transportation. The lowest buccolingual values were found for the
WaveOne Gold®, Mtwo® and BioRaCe® systems. There were no significant
differences in mesiodistal transportation of the files under study at 2 mm short
of the apex. The same was found for the buccolingual values at 2 mm and 3
mm short of the apex and at 2 mm below furcation.

Perfect mesiodistal or buccolingual CA was not found for any of the
systems under evaluation. The best result was the CA(MD) of the BioRaCe®
system. The greatest CA(BL) value was found for the BioRaCe® and Mtwo®
systems. CA(MD) at 2 mm and 3 mm short of the apex and at 2 mm below
furcation was not significantly different between systems. However,
buccolingual findings were not significantly different between systems at 2
mm, 3 mm or 4 mm short of the apex or at 2 mm and 3 mm below furcation.

Transportation and CA were determined using a model previously
described by Gambill et al. (1), who used a model of mesiodistal
measurements of axial plans from the apex of single-rooted teeth whose
curvature was less than 10 degrees. Several studies have adopted this

method to evaluate transportation and CA after the preparation of curved root
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canals (7, 12, 24).

Our study used mesiobuccal root canals of mandibular molars with a
curvature radius greater than 4 mm and shorter than 8 mm (25). Two areas of
clinical reference, 2 mm to 4 mm below furcation and 2 mm to 4 mm short of
the apex, and two directions, mesiodistal and buccolingual, were analyzed
using high resolution CBCT images.

Several studies used different methods to evaluate the preservation of
the shape of curved root canals after preparation with stainless steel files or
continuous or reciprocating NiTi files: artificial canals (26), scanning electronic
microscopy (20), periapical radiographs of human teeth (10, 14, 19, 27),
micro-computed tomography (8, 13, 15, 16, 21, 22, 28-30), and CBCT (1, 7,
12, 23, 24).

CBCT, a non-destructive procedure, may be a potential method for an
accurate evaluation of root canal geometry because of the different plans used
for three-dimensional analysis and the axial views, which avoid the
superimposition of structures (1, 23, 25).

This study found that there were both mesiodistal and buccolingual
changes in the shape of the root canal (Figures 2 and 3). The morphological
buccolingual changes after the preparation of curved root canals may be
accurately evaluated using CBCT images. The major morphological changes
were mesiodistal.

The results found for the ProTaper Next®, ProTaper Gold®, WaveOne
Gold®, Mtwo®, BioRaCe® and Reciproc® files in the analysis of transportation
and centering ability after the preparation of curved root canals are in

agreement with previous studies, which concluded that they preserved the
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shape of root canals (13, 15, 19, 27). Several studies found that the results of
shape preservation after root canal preparation were often favorable for new
endodontic files, but their methods, measurement points along the root thirds
and the amount of enlargement that they used were different from each other
(10, 20, 22). In this study, root canals were prepared using of the following
diameters and tapers: 40/.04, 40/.06 and 45/.05. The discussion about how
much a root canal should be enlarged remains to be investigated in future
studies. WU et al. (31) found that canal preparation depends on the
morphology and thickness of the root canal walls, as well as on the taper of
the file selected. At the same time, other studies reported that not all the walls
are touched by the files during root canal preparation (3, 23, 31-33). In this
study, the apex was enlarged using files whose diameter was larger than 350
um, and, therefore, it was possible to compare the performance of files whose
diameter and taper were larger in curved root canals. Moreover, these files act
on a larger area of the root canal walls, which facilitates the penetration of the
irrigation tip and, consequently, the action of antimicrobials. Despite the
amount of enlargement, the files used for root canal preparation had
satisfactory transportation and CA results (Figures 2, 3, 4 and 5). An earlier
study (34) found that there were no significant differences in transportation
and CA after 35/.02 and 50/.02 RaCe® files were used for root canal
preparation.

The files under evaluation in this study were selected according to their
morphological characteristics, mechanical properties, chemical composition
and capacity of preserving the original shape of curved root canals because of

their flexibility (3, 7-11). The endodontic files included in this study have
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different cross-sections, diameters, tapers, types of alloy and tip designs (8,
10, 13, 14, 19). The comparison of the ProTaper files (ProTaper Universal®,
ProTaper Next® and ProTaper Gold®) to each other revealed that the
ProTaper Gold® files, because of the technology used for their manufacture
and thermal treatment, had better cyclic fatigue and flexibility and produced
less apical transportation than the ProTaper Universal® and ProTaper Next®
files (13). Mtwo® files are manufactured using the conventional nickel-titanium
alloy. BioRaCe® files, when used to prepare curved root canals, do not change
the original root canal anatomy because of their triangular cross section,
associated with their flexibility, and their alternating cutting edges, which avoid
self-threading (14, 34). The angle of the taper of Reciproc® and WaveOne®
files is high in their apical 3 mm (DO - D3) (10, 14, 18). In addition to their
cross-sectional design, another important characteristic is a result of the use of
the m-wire alloy, responsible for their greater flexibility (10, 12, 17).

Method variations between studies, particularly the amount of apical
enlargement, evaluation criteria and evaluation tools justify the differences
found. However, there seems to be a consensus about the fact that the use of
NiTi rotary files results in low apical transportation and good centering during
root canal preparation.

Burklein et al. (19) evaluated the shaping effectiveness of rotary flies
with a diameter of 400 um (ProTaper Universal®, ProTaper Next®, BT-RaCe®
and Mtwo®) used to prepare severely curved root canals. The files were safe
and preserved root canal curvature. Garcia et al. (27) used periapical
radiographs to evaluate transportation of ProFile® and RaCe® files in the

preparation of mandibular molar canals. The size (diameter and taper) of the
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files used for apical enlargement was 40/.04. They did not find any significant
differences in apical transportation. Yang et al. (15) compared the geometry of
root canals prepared with ProTaper Universal® and Mtwo® files. Both files
preserved canal geometry during preparation. Gagliardi et al. (13) used micro-
computed tomography imaging to evaluate transportation and CA in curved
root canals of mandibular molars prepared with ProTaper Gold®, ProTaper
Next® and ProTaper Universal® files. Apical enlargement corresponded to 250
um files. ProTaper Gold® and ProTaper Next® files produced less
transportation and had better CA than the ProTaper Universal® files.
Reciprocating rotary files also had satisfactory transportation and CA
results in the preparation of curved root canals at the different points evaluated
(cervical and apical thirds). Capar et al. (12) used CBCT to compare the
effects of OneShape®, ProTaper Universal®, ProTaper Next®, Reciproc® R25,
Twisted File Adaptive® and WaveOne® Primary files on transportation and CA
when used to prepare curved canals. All files had similar transportation and
CA. Carvalho et al. (7) evaluated apical transportation and CA of the
reciprocating system Reciproc® associated with different glide path
techniques. Root canals prepared using a glide path technique had minimal
apical transportation, and the Reciproc® system had good CA in the
preparation of root canals. Saber et al. (14) compared the shaping ability of
the WaveOne® Primary, Reciproc® R25 and OneShape® systems in the
preparation of severely curved root canals of extracted human molars. All
systems were safe. WaveOne® Primary and Reciproc® R25 files were more
efficient in preserving the original canal curvature. Burklein et al. (10) used

periapical radiographs to compare Mtwo® 30/.05, ProTaper Universal® F3,
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Reciproc® R25 and WaveOne® Primary files used to shape curved root canals
of extracted teeth. All systems preserved the original root canal curvature and
were safe to use. Amaral et al. (22) used micro-computed tomography to
evaluate transportation and CA in root canals prepared with WaveOne®
Primary files alone or together with previous apical and cervical enlargement.
The association with previous cervical or apical enlargement resulted in a
reduction of transportation and in better CA than the use of WaveOne® files
alone.

Our study found that the preparation of curved root canals using
continuous (ProTaper Next®, ProTaper Gold®, Mtwo® and BioRaCe®) or
reciprocating NiTi files (WaveOne® Gold and Reciproc®) had low apical
transportation and satisfactory CA in the preparation of curved root canals.
The maintenance of the apical limit during instrumentation in rotary and
reciprocating modes was also evaluated previously (35). Seventy-two human
uniradicular mandibular premolars were prepared with #F4 ProTaper and
#R40 Reciproc instruments. The results show that the devices were able to
control the apical limit of the instrumentation independent of the kinematics
and working length applied. Another relevant finding of our study was the
degree of mesiodistal and buccolingual enlargement of curved root canals with
a curvature radius greater than 4 mm and shorter than 8 mm, which was
indicative of satisfactory shaping, both in the cervical and apical thirds.

Contemporary endodontics has developed good standards for shaping
with the new NiTi rotary systems, which has directly affected the quality of
obturations and, therefore, the success and survival of root canal treatments.

However, the challenge and enigma of biofilm destruction in areas that the
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files and the antimicrobials do not reach remain as problems to be further
investigated.

In summary, all the continuos and reciprocating files produced root
canal transportation, and no file had perfect CA. The greatest mesiodistal
transportation was found for the Reciproc® system, and buccolingual
transportation, for the Reciproc®, ProTaper Gold® and ProTaper Next®
systems. The BioRaCe® system had the best mesiodistal CA, and the
BioRaCe® and Mtwo® had similar buccolingual CA. The lowest mesiodistal
transportation was found at 2 mm short of the apex. The best mesiodistal CA
was found at 4 mm short of the apex, and the best buccolingual CA, at 3 mm
below furcation.
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Figure 1. Cone-bean computed tomography scan (axial view) of mesial root of
mandibular molar at 3 mm short of apex, point for measurement of mesiodistal and
buccolingual distances to determine root canal transportation: (A) before root canal
preparation; (B) after root canal preparation.
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Figure 2. Mesiodistal root canal transportation (mm).
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Table 1. Median, minimum and maximum values of T(MD) and T(BL) (mm).

FILES T(MD) T(BL)
Median 0,0502 0,060” ©
ProTaper Next® Minimum 0,000 0,000
Maximum 0,360 0,430
Median 0,060° 0,080™ °
ProTaper Gold® Minimum 0,000 0,000
Maximum 0,300 0,260
Median 0,050? 0,040%
Mtwo® Minimum 0,000 0,000
Maximum 0,210 0,150
Median 0,050° 0,050*°
BioRaCe® Minimum 0,000 0,000
Maximum 0,260 0,170
Median 0,060° 0,050%°
WaveOne Gold® Minimum 0,000 0,010
Maximum 0,380 0,170
Median 0,130° 0,090°
Reciproc® Minimum 0,010 0,010
Maximum 0,400 0,280

*In each column, medians with a common superscript letter are not statistically different (p<0,05).
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Figure 3. Buccolingual root canal transportation (mm).
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Figure 4. Mesiodistal centering ability of root canal preparation.
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Table 2. Median, minimum and maximum values of CA(MD) and CA(BL).

FILES CA(MD) CA(BL)

Median 0,500° 0,418°
ProTaper Next® Minimum 0,038 0,022
Maximum 1,000 1,000

Median 0,583" 0,413°
ProTaper Gold® Minimum 0,000 0,052
Maximum 0,300 1,000

Median 0,563" 0,600
Mtwo® Minimum 0,011 0,055
Maximum 1,000 1,000

Median 0,700° 0,666°
BioRaCe® Minimum 0,071 0,009
Maximum 1,000 1,000

Median 0,531° 0,436°
WaveOne Gold® Minimum 0,034 0,066
Maximum 1,000 0,888

Median 0,386° 0,400°
Reciproc® Minimum 0,041 0,027
Maximum 0,998 0,998

* In each column, medians with a common superscript letter are not statistically different (p<0,05).
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Figure 5. Buccolingual centering ability of root canal preparation.
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Table 3. Median, minimum and maximum values of T(MD) at diferente points in root canal (mm).

2mm short of 3 mm short of 4 mm short of 2 mm below 3 mm below 4 mm below
apex apex apex furcation furcation furcation
Median 0,030° 0,055" 0,055° 0,075° 0,100° 0,130°
Minimum 0,000 0,000 0,000 0,000 0,000 0,000
Maximum 0,140 0,190 0,290 0,270 0,400 0,390

*In each column, medians with a common superscript letter are not statistically different (p<0,05).

Table 4. Median, minimum and maximum values of T(BL) at diferente points in root canal (mm).

2 mm short of 3 mmshortof 4 mmshortof 2 mm below 3 mm below 4 mm below
apex apex apex furcation furcation furcation
Median 0,050° 0,050" 0,070° 0,070° 0,060" 0,060*
Minimum 0,000 0,000 0,000 0,000 0,000 0,000
Maximum 0,220 0,220 0,430 0,210 0,270 0,270
* In each column, medians with a common superscript letter are not statistically different (p<0,05).
Table 5. Median, minimum and maximum values of CA(MD) at diferente points in root canal.
2 mm short of 3 mm short of 4 mm short of 2 mm below 3 mm below 4 mm below
apex apex apex furcation furcation furcation
Median 0,554% 0,500* 0,571% 0,548% 0,500° 0,448"
Minimum 0,011 0,041 0,045 0,034 0,052 0,048
Maximum 1,000 1,000 1,000 1,000 1,000 1,000
* In each column, medians with a common superscript letter are not statistically different (p<0,05).
Table 6. Median, minimum and maximum values of CA(BL) at diferente points in root canal.
2 mm short of 3 mm short of 4 mm short of 2 mm below 3 mm below 4 mm below
apex apex apex furcation furcation furcation
Median 0,500° 0,500° 0,500° 0,500° 0,570° 0,547°
Minimum 0,027 0,026 0,022 0,025 0,009 0,040
Maximum 1,000 1,000 1,000 1,000 1,000 1,000

* In each column, medians with a common superscript letter are not statistically different (p<0,05).
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2 mm below furcation 3 mm below furcation 4 mm below furcation

PTN

MT

BR

Figura 6. Cone-beam computed tomography scan (axial view) of cervical third of mesiobuccal root canals. A- before
preparation. B- after preparation. PTN - ProTaper Next®; PTG - ProTaper Gold®; MT — Mtwo®; BR — BioRaCe®; WOG -

WaveOne Gold®; REC — Reciproc®; MB — mesiobuccal canal.
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2 mm short of the apex 3 mm short of the apex 4 mm short of the apex

A B A B A B

Figure 7. Cone-beam computed tomography scan (axial view) of apical third of mesiobuccal root canals. A- before
preparation. B- after preparation. PTN - ProTaper Next®; PTG - ProTaper Gold®; MT — Mtwo®; BR — BioRaCe®; WOG -
WaveOne Gold®; REC — Reciproc®; MB — mesiobuccal canal.
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ANEXO 3 — Normas de publicagao do respectivo periédico

@ American Association of Endodontists

Home > Publcabons and Research > Journal of Endodontics > Authors and Reviewers > Guidelines for Publishing Papers in the JCE

Guidelines for Publishing Papers in the JOE

Writing an effective article s a challenging assignment, The following guidelines are provided to assist authors In submitting
manuscripis,

The JOE publishes original and review articles relaled to the scientific and appled aspects of endodontics, Moreover, the JOE has a
diverse readership that includes fulktime clnicians, fulklime academicians, residents, students and scientists, Elfective communication
with this dwverse readership requires careful attention to writing style,

General Points on Composition

Organization of Original Research Manuscripts
Manuscripts Category Classifications and Requirements
Availablle Resources

1. Ganeral Points on Composition

1. Authors are strongly encouraged o analyze their final draft with both software (6.9., spelling and grammar programs) and
colleagues who have expertise in English grammar, References listed at the end of this section provide a more extensive review
of rules of English grammar and guidelines for writing a scientfic article, Always remember thal clarity is the most mportant
feature of scentific writing, Scentfic articles must be clear and precise In their content and concse In thelr delivery since their
purpese is to inform the reader, The Edtor reserves the rght te edit all manuscripts or to reject those manuscripts that jack
clarity or precision, or have unacceptable grammar or syntax, The following list represents common errors in manuscripts
submitted to the JOE

2, The paragraph s the ideal unit of organization, Paragraphs typically start with an introductory sentence that is followed by
santences that describe additional detail or examples, The last sentence of the paragraph provides conclusions and forms a
transition to the next paragraph, Common problems include one=sentence paragraphs, sentences that do not develop the theme
of the paragraph (see also section “¢” below), or sentences with litlle o ne transition within a paragraph,

3, Keep to the point, The subject of the sentence should supporl the subject of the paragraph, For example, the introduction of
authors names In a sentence changes the subject and lengthens the text, |n a paragraph on sodium hypochlorite, the sentence,
“In 1983, Langeland et &|,, reported that sadium hypochlorite acts as a |ubricating facter during instrumentation and helos to
flush debns from the root canals’ can be edited to: *Sodium hypochlorite acts as a Jubricant during Instrumentation and as &
vehicle for flushing the generated debris (Langeland et al., 1983)." In this example, the paragraph's subject is sodum
hypochlorite and sentences should focus on this subject,

4, Sentences are stronger when writtan in the active voice, i.6., the subject parforms the action, Passive sentences are identified by
the use of passive verbs such as "was,” “were,” “could,” etc, For example: “Dexamethasone was found in this study to be a factor
that was associated with reduced inflammation,” can be edited to: "Our resulls demonstrated that dexamethasone reduced
inflammation,” Sentences writlen in a direct and aclive voice are generally more powerful and shorler than senlences wrilten in
the passive volce,

5, Reduce verbiage, Shorl sentences are easier lo understand, The inclusion of unnecessary words is oflen associated with the
use of a passive voice, & lack of focus or run=on sentences, This s net to iImply that gll sentences need be short or even the
same length, Indeed. variation in sentence structure and length often helps to maintain reader interest, However, make zll words
count, A more formal way of stating this point is that the use of subordinate clauses adds variety and information when
constructing a paragraph, (This section was written deliberately with sentences of varying length to illustrate this point,)

6. Use parallel construction fo express related ideas, For example, the sentence, “Formerly, endodontics was taught by hand
instrumentation, whie now rotary instrumentalion is the common maethad,” can be edited lo *Formerly, endodontics was laught
using hand instrumentation;, now it is commonly taught using rotary instrumentation,” The use of paralel construction in
sentences smply means that similar deas are expressed in similar ways, and this helps the reader recognize that the Ideas are
related,

7. Keep modifying phrases close to the word that they modify, This s & common problem In complex sentences that may confuse

the reader, For example, the statement, *Accordingly, when conclusions are drawn from the results of this study, caution must be
used,” can be edied to "Caution must be used when conclusions are drawn from the results of this study.”
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8, Tosummarize these points, effective sentencas are clear and precise, and often are short, simple and focused on one key point
that supports the paragraph’s theme,

9, Authers should be aware that the JOE uses IThenticate, plagarism detection software, to assure orlginality and integrity of
materal publshed in the Joumal, The use of copled sentences, even when present within quotation marks, is highly
discouraged, Instead, the information of the original research should be expressed by new manuscript author's own words, and
a proper citation given at the end of the sentence, Plagiarism will not be tolerated and manuscripts will be rejected, or papers
withdrawn after publication based on unelhical actions by the authors, In addtion, authors may be sanctioned for fulure
publication,

Organization of Original Research Manuscripts

Please Note: Al abstracls should be organized into sections that start with a one-word (itfe (in bold), i.e., Introduction, Methods,
Resulls, Conclusions, elc,, and should not exceed more than 250 words in length,

1. Title Page: The title should describe the major emphasis of the paper, It should be as short as possible without loss of clarity,
Remember that the titk is your advertising billboard—it represents your major opportunity to solict readers to spend the time to
read your paper, |t is basl not to use abbreviations in the litle since this may lead fo impredise coding by electronic citation
programs such as PubMed (e.g., use “sodium hypochlorite” rather than NaOC[), The author Ist must conform to published
standards on authorsh p (see authorship critenia in the Unform Requirements for Manuscripts Submitted lo Biomedical Journals
at www.lcmje.org), The manuscript ttle, name and address (ncluding email) of one author designated as the corresponding
author, This author will be responsble for editng proofs and ordering reprints when applicable, The contribution of each author
should also be highlighted in the cover letter,

Abstract: The abstract should concisely descrioe the purpose of the study, the hypothesis, methods, major findings and
conclusions, The abstract should descrive the new contrioutions made by this study, Tha word Imitations (250 words) and the
wide distribution of the abstracl (e g., PubMed) make this seclion challenging lo write clearly, This section oflen is written last by
many authors since they can draw on the rest of the manuscript, Write the abstract in pasl tense since the sludy has been
completed, Three to ten keywords should be |sted below the abstract,

Introduction: The inlroduction should briefly review the pertinent literature in order to identify the gap in knowledge that the
study Is intended to address and the limitations of previous studies n the area, The purpose of the study, the tested hypothesis
and its scope should be clearly described, Authors should realize that th's section of the paper is their primary opportunity to
establish communication with the diverse readership of the JOE, Readers who are not expert in the topic of the manuscript are
lixely to skip the paper if the introduction fails to succinclly summarize the gap in knowledge that the study addresses, Itis
important to note that many successful manuscripts require no more than a few paragraphs to accomplish these goals,
Therefore, authors should refrain from performing extensive review or the literature, and discussing the results of the study in
this section,

2

“

4, Materials and Methods: The objective of the materals and methods seclion is to permit other investigators to repeat your
experiments, The four components to this section are the detailed description of the malerials used and ther components, the
experimental design, the procedures employed, and the statistica| tests used to analyze the results, The vast majority of
manuscripts should cite prior studies using similar methods and succinctly describe the essental aspects used in the present
study, Thus. the reader should still be able to understand the method used in the experimental approach and concentration of
the main reagents (6.g., antibodies, drugs, etc.) even when citing a previously published method, The inclusion of a *methods
figure™ will be rejected unless the procedure is novel and requires an illustration for comprehension, |f the method is novel, then
the authors should carefully describe the method and include validation experiments, |f the study utilized a commercial product,
the manuscript must state that they elther followed manufacturer's protoco| or specfy any changes made 1o the protocol, |f the
study used an in vitro model to simulate a clncal outcome, the authors must describe experiments made to validate the model,
or previous literature that proved the dlinical relevance of the model, Studies on humans must conform to the Helsnki
Daclaration of 1975 and state that tha institutional IRB/equivalent committea(s) approved the protocol and that informead consent
was cblained after the risks and benefits of parlicipation were described to the subjects or patients recruited, Studies involving
animals mus! state that the institutional animal care and use committes approved the protocol, The stalistical analysis section
shoult describe which tests were used to analyze which dependent measures, p-values should be specified, Additona| detalls
may Include randomization scheme, stratification (f any), power analysis as a bass for sample sze computation, drop=outs from
clinical trials, the effects of important confounding variables, and bivarate versus multivarate analysis,

o

Results: Only experiments| results are appropriate in this section (L&, neither metheds, discusson, nor concjusions should be in
this section). Include only those data that are crtical for the study, as defined by the aim{s). Do not include all available data
without justfication; any repatitve findings will be rejected from publication, Al Figures, Charts and Tables should be descrbed in
their order of numbering with a brief description of the major findings, Author may consider the use of supplemental figures,
tables or video clps that will be published online, Supplemental material s often used to provide additional information or control
experiments that support the resulls section (e.g., microarray data),

Figures: There are two genera| types of igures, The first lype of igures includes pholographs, radiographs or microegraphs,
Include only essential figures, and even If essential, the use of composite figures containng several panels of photographs s
encouraged, For example, most photo=, radio= or micrographs ta<e up one columnewidth, or about 185 mm wide X 185 mm tall,
If nstead, you construct a two columns-wiath figure (Le., about 175 mm wide X 125 mm high when published in the JOE), you

o
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8, Tosummarize these points, effective sentencas are clear and precise, and often are short, simple and focused on one key point
that supports the paragraph’s theme,

9, Authers should be aware that the JOE uses IThenticate, plagarism detection software, to assure orlginality and integrity of
materal publshed in the Joumal, The use of copled sentences, even when present within quotation marks, is highly
discouraged, Instead, the information of the original research should be expressed by new manuscript author's own words, and
a proper citation given at the end of the sentence, Plagiarism will not be tolerated and manuscripts will be rejected, or papers
withdrawn after publication based on unelhical actions by the authors, In addtion, authors may be sanctioned for fulure
publication,

Organization of Original Research Manuscripts

Please Note: Al abstracls should be organized into sections that start with a one-word (itfe (in bold), i.e., Introduction, Methods,
Resulls, Conclusions, elc,, and should not exceed more than 250 words in length,

1. Title Page: The title should describe the major emphasis of the paper, It should be as short as possible without loss of clarity,
Remember that the titk is your advertising billboard—it represents your major opportunity to solict readers to spend the time to
read your paper, |t is basl not to use abbreviations in the litle since this may lead fo impredise coding by electronic citation
programs such as PubMed (e.g., use “sodium hypochlorite” rather than NaOC[), The author Ist must conform to published
standards on authorsh p (see authorship critenia in the Unform Requirements for Manuscripts Submitted lo Biomedical Journals
at www.lcmje.org), The manuscript ttle, name and address (ncluding email) of one author designated as the corresponding
author, This author will be responsble for editng proofs and ordering reprints when applicable, The contribution of each author
should also be highlighted in the cover letter,

Abstract: The abstract should concisely descrioe the purpose of the study, the hypothesis, methods, major findings and
conclusions, The abstract should descrive the new contrioutions made by this study, Tha word Imitations (250 words) and the
wide distribution of the abstracl (e g., PubMed) make this seclion challenging lo write clearly, This section oflen is written last by
many authors since they can draw on the rest of the manuscript, Write the abstract in pasl tense since the sludy has been
completed, Three to ten keywords should be |sted below the abstract,

Introduction: The inlroduction should briefly review the pertinent literature in order to identify the gap in knowledge that the
study Is intended to address and the limitations of previous studies n the area, The purpose of the study, the tested hypothesis
and its scope should be clearly described, Authors should realize that th's section of the paper is their primary opportunity to
establish communication with the diverse readership of the JOE, Readers who are not expert in the topic of the manuscript are
lixely to skip the paper if the introduction fails to succinclly summarize the gap in knowledge that the study addresses, Itis
important to note that many successful manuscripts require no more than a few paragraphs to accomplish these goals,
Therefore, authors should refrain from performing extensive review or the literature, and discussing the results of the study in
this section,

2

“

4, Materials and Methods: The objective of the materals and methods seclion is to permit other investigators to repeat your
experiments, The four components to this section are the detailed description of the malerials used and ther components, the
experimental design, the procedures employed, and the statistica| tests used to analyze the results, The vast majority of
manuscripts should cite prior studies using similar methods and succinctly describe the essental aspects used in the present
study, Thus. the reader should still be able to understand the method used in the experimental approach and concentration of
the main reagents (6.g., antibodies, drugs, etc.) even when citing a previously published method, The inclusion of a *methods
figure™ will be rejected unless the procedure is novel and requires an illustration for comprehension, |f the method is novel, then
the authors should carefully describe the method and include validation experiments, |f the study utilized a commercial product,
the manuscript must state that they elther followed manufacturer's protoco| or specfy any changes made 1o the protocol, |f the
study used an in vitro model to simulate a clncal outcome, the authors must describe experiments made to validate the model,
or previous literature that proved the dlinical relevance of the model, Studies on humans must conform to the Helsnki
Daclaration of 1975 and state that tha institutional IRB/equivalent committea(s) approved the protocol and that informead consent
was cblained after the risks and benefits of parlicipation were described to the subjects or patients recruited, Studies involving
animals mus! state that the institutional animal care and use committes approved the protocol, The stalistical analysis section
shoult describe which tests were used to analyze which dependent measures, p-values should be specified, Additona| detalls
may Include randomization scheme, stratification (f any), power analysis as a bass for sample sze computation, drop=outs from
clinical trials, the effects of important confounding variables, and bivarate versus multivarate analysis,

o

Results: Only experiments| results are appropriate in this section (L&, neither metheds, discusson, nor concjusions should be in
this section). Include only those data that are crtical for the study, as defined by the aim{s). Do not include all available data
without justfication; any repatitve findings will be rejected from publication, Al Figures, Charts and Tables should be descrbed in
their order of numbering with a brief description of the major findings, Author may consider the use of supplemental figures,
tables or video clps that will be published online, Supplemental material s often used to provide additional information or control
experiments that support the resulls section (e.g., microarray data),

Figures: There are two genera| types of igures, The first lype of igures includes pholographs, radiographs or microegraphs,
Include only essential figures, and even If essential, the use of composite figures containng several panels of photographs s
encouraged, For example, most photo=, radio= or micrographs ta<e up one columnewidth, or about 185 mm wide X 185 mm tall,
If nstead, you construct a two columns-wiath figure (Le., about 175 mm wide X 125 mm high when published in the JOE), you

o
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would be able to place about 12 panels of photomicregraphs (or radiographs, ele,) as an array of four columns across and three
rows down (with each pane| about 40 X 40 mm), This wi| require some adiing to emphasize the most important feature of each
photomicrograph, but it greatly increases the total number of llustratons that you can present in your paper, Remember that
each panel must be clearly dentfied with a lettar (6.g., "A." "B." etc,), in order for tha reader to understand each individual panal,
Several nice examples of composite figures are seen in recent articles by Jeger et al (J Endod 2012;38:884-8868); Olvieri ot al,,
(J Endod 2012,38:1007 1011); Tsa et al (J Endod 2012,38:965-870), Please nole that color figures may be published al no cosl
o the aulthors and authors are encouraged lo use color o enhance the value of the illustration, Please note that a multipanel,
composite figure only counts &s one figure when considering the total number of figures in a manuscript (see section 3, below,
for maxmum number of allowable figures),

The second type of figures are graphs (i.e., line drawings including bar graphs) that plot a dependent measura (on the Y axis) as
a function of an independent measure (usually plotted on the X axis), Examples include a graph depicting pain scores over lime,
ote, Graphs should be used when the overall trend of the resulls are more important than the exact numaerical values of the
resulls, For example, 2 graph s 2 convenient way of reporting that an ibuprolenstreated group reparled less pain than a placebo
group over the first 24 hours, but was the same as the placebo group for the next 86 hours, |n this case, the trend of the results
iz tha prmary finding; the actual pain scores are not as critical as the relative dfferences betwean the NSAID and placebo

groups,

7. Tables: Tables are appropriate when it s critcal to present exact numerical values, However, not all results need be placed in
either a table or figure, For example. the following table may not be necassary:

% NaocC| N/Group % |nhibition of Growth
0,001 5 0

0,003 5 0

0.01 5 0

0,03 5 0

01 5 100

03 5 100

1 5 100

3 5 100

Instead, the results could simply state that there was ro inhibition of growth from 0,001<0,03% NaQC|, and a 100% inhibition of
growth from 0,03=3% NaOC| (N=S/group), Similarly, if the resulls are not signficant, then it is prebably not necessary lo include
the rasults In @ther a table or as a figure, These and many other suggestions on figure and table construction are descrived In
additional detal in Day (1988).

8, Discussion: This sacton should be used to interpret and explain the results, Both the strengths and weaknesses of the
observations should be discussed, How do these fndings compare to the published literature? What are the clnical implcations?
Alkhough this last saction might be tentative given the nature of a particular study, the authors shoul realze that even
preliminary clinical implcations might have value for the dinical readership, ldeally, a review of the potential clinical significance is
the last section of the discussion, What are the major conclusions of the study? How does the dala support these conclusions
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References: The reference style follows Index Medicus and can be easily karned from reading past issues of the JOE, The JOE
uses the Vancouver reference style, which can be found in most citation management software products, Citations are placed in
parentheses at the end of a sentence or at the end of a clause that requires a literature citation, Do not use superscripl for
references, Original reports are limiled to 35 references, There are no limits in the number of references for review arlicles,
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3, Manuscripts Category Classifications and Requirements

Manuscripls submiled lo the JOE must fall inlo one of the lellowing calegores, The absliracts for all these catlegeries would have a
maximum word count of 250 werds:

1, CONSORT Randomized Clnical TriakManuscripts in this category must strictly adhere to the Consoldated Standards of

Anexos 88



Reporting Triale=CONSORT= minimum guidelines for the publeaton of randomized clinical trials, These guidelines can be found
at www.consort-statement.org/, These manuscrpts have a |imit of 3,500 werds, [including abstract, intreduction, materials and
methods, results, discussion and acknowledgments; excluding figure legends anc references), In addion, there is a limit of 2
total of 4 figures and 4 tablas®,

2, Raview Article-Manuscripis in this category are eithar narrative articles, or systematic reviews/meta-analyses, Case
report/Clinical Technique articles even when followed by extensive review of the literature will should be categorized as “Case
Report/Clincal Technique®, These manuscripls have a limit of 3,500 words, fincluding abstract, inlroduction. dscussion and
acknowledaments, excluding figure legends and references), In addition, there s a limit of a total of 4 figures and 4 lables®,

Clinical Research (e g., prospective or refraspective studies on patients or patient records, or research on biopsies, excluding the
use of human teeth for lechnique sludies), These manuscripts have a limit of 3,500 words [including abstract, introduction,
materals and methods, results, dscussion and acknowledgments,; excluding figure |egends and references), |n addition, there is
alimit of a total of 4 figures and 4 tables®.

4, Basic Research Biology (anmal or culture studies on biological research on physiclogy, development, stem ce| differentiation.
inflammation or patholgy}, Manuscripts that have a primary focus on biology should be submitted in this catagory while
manuscripts that have a primary focus on materials should be submitted in the Basic Research Technology category, For
example, a study on cylotoxicity of a material should be submitied in the Basic Research Technology calegory, even if it was
porformad in animals with histological analyses, These manuscripts have a limit of 2,500 words [including abstract, introduction,
materals and methods, resulls, dscussion and acknowledgments; excluding figure legends and references), |n addition, there is
alimit of @ tota] of 4 figures or 4 tables*,

5, Baslc Research Technology (Manuscripts submitted in this category focus primarlly on research related to technigues and

materals usad, or with petential clinica| use, in endodontics), These manuscripts have a limit of 2,500 words [Including abstract,

introcuction. materials and methods, results, discussion and acknowledgments. excduding figure legends and references). In
addition, there is a Imit of a total of 2 figures and tables *,

Case Report/Clinical Technigue (6.g., report of an unusual clinical case or the use of cutting=adge technology in a clinical case),

Thesa manuscripts have a limit of 2,500 words [Including abstract, introduction, materials and methods, results, discussion and

acknowledgments; excluding figure legends and references), In addition, there s a limit of a total of 4 figures or tables®,

* Figures, i submitled as multipanel figures must not excead 1 page length, Manuscripls submilted wilh more than the allowed

number of figures or tables will require approval of the JOE Editor or associate editors, If you are nol sure whether your manuscript

falls wilhin one of the calegories above, or would bke to request preapproval for submission of additonal figures please contact the

Editor by emall at jendodontics@uthscsa.edu,

3

6,

Importantly, adhering to the general writing methods described in these guidelines (and in the resources listed below) will help to
reduce the size of the manuscripl while maintaining its focus and significance, Authors are encouraged o focus on only the
essential aspects of the study and to avoid nclusion of extranecus text and figures, The Edtor may reject manuscripts thal exceed
Ihese limaations,

Available Resources:

Strunk W, While EB, The Elements of Style, Allyn & Bacon, 4th ed, 2000, |SBN 020530902X,

Day R, How lo Wrile and Publish a Scientific Paper, Oryx Press, Sth ed, 1998, |SBN 1=57356-164-3,
Woods G, English Grammar for Dummees, Hungry Minds:NY, 2001 (an entertaining review of grammar),
Alley M, The Craft of Sclentific Writing, Springer, 3rd edition 1996 SBN 0=387-94766=3,

Alley M, The Craft of Editng, Springer, 2000 SEN 0=387-88064.1,
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