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Espir CG. Emprego da microtomografia computadorizada na analise de preparo,
limpeza e obturacédo de canais radiculares ovalados [tese]. Araraquara: Faculdade
de Odontologia da UNESP; 2018.

RESUMO

Este estudo avaliou morfologia, preparo e obturacdo com diferentes técnicas e
materiais em canais radiculares ovais. Quinhentos e vinte incisivos inferiores foram
avaliados por meio de radiografias digitais nos sentidos vestibulo lingual (VL) e
mesio distal (MD), sendo obtidos a partir da relacdo de diametro VL/MD: 23.3%
canais achatados; 41.3% ovais; 27.3% arredondados; 4.5% redondos e 3.6% com
achatamento VL (Publicacdo 1). Os incisivos classificados como ovais foram
preparados: Reciproc 40 (R40) reciprocante anti-horario; MTwo 40, taper .06 (M
40.06) reciprocante horéario (150° horéario e 30° anti-horario); e MTwo 20, taper .06
seguido de MTwo 40, taper .06 (M 20/40.06) em reciprocante horario (Publicacdo 2);
R40, Unicone 20.06 seguido de 40.06 reciprocante (Uni20/40.06) e sistema Mtwo
até 40.06 rotatério (Mtwo seq) (Publicacdo 3); e R40, M40.06 e Mtwo seq
(Publicacdo 4). A obturacdo foi realizada pelas técnicas de cone unico (CU) ou
condensacao lateral (CL) e cimento AH Plus (AHP) (Publicagdo 4); CU e AHP ou
Neo MTA Plus (NMTAP) (Publicacdo 5); e CL e MTA Fillapex (MTAF) ou AHP
(Publicacdo 6). Escaneamentos foram realizados antes e ap0s cada etapa
experimental, utilizando o microtoméfrafo SkyScan 1176. Volume, porcentagem de
debris, de superficie ndo instrumentada e de falhas na obturacdo foram obtidos.
Dados foram submetidos aos testes estatisticos ANOVA e Tukey, Kruskal-Wallis e
Dunn, T Pareado ou Mann-Whitney (a=0.05). Reciproc e MTwo usando diferentes
cinematicas apresentaram aumento similar de volume do canal, e de superficie ndo
instrumentada. M20/40.06 apresentou o0 menor percentual de debris no terco médio.
O movimento reciprocante para R40 e M40.06 apresentaram preparos similares.
Melhor limpeza de debris no terco médio foi obtida utilizando dois instrumentos com
diametros diferentes (Publicacdo 2). O preparo Unicone apresentou maior aumento
de volume, e maior percentual de debris e de superficie ndo instrumentada no canal
e no terco médio. Maior limpeza e menor percentual de debris foi obtido para
preparo reciprocante com R40 e MTwo seq (Publicacdo 3). MTwo seq apresentou
maior percentual de debris e superficie ndo instrumentada no ter¢o cervical, além de
maior percentual de falha para técnica de CU na extenséo total e tercos cervical e
apical apos este preparo. O preparo de canais ovais com R40 e M40.06
proporcionaram maiores percentuais de limpeza, e obturagédo semelhante para CU e
CL (Publicacdo 4). Nao foram observadas diferengas significantes nos diferentes
tercos para obturacdo com cimentos AHP ou NMTAP. O cimento NMTAP apresenta
capacidade de preenchimento de canais ovais pela técnica de CU similar ao AHP
(Publicagao 5). Obturacdo com MTAF apresentou maior percentual de falhas no
terco cervical, sem diferenca nos demais tercos. A analise da alteracdo volumétrica
demonstrou maior perda volumétrica para MTAF. MTAF proporciona maior
porcentagem de falhas no preenchimento de canais ovais, e apresenta maior perda
volumétrica que o AHP. (Publicacéo 6).

Palavras chave: Endodontia. Obturacdo do canal radicular. Preparo de canal
radicular.



Espir CG. Use of computerized microtomography in the analysis of preparation,
cleaning and obturation of oval root canals [tese]. Araraquara: Faculdade de
Odontologia da UNESP; 2018.

ABSTRACT

This study evaluated the morphology, preparation and filling using different
techniques and materials in oval-shaped canals. Five hundred and twenty
mandibular incisors were evaluated using digital radiography in the buccolingual (BL)
and mesio distal (MD) directions, being obtained from the VL / MD diameter ratio:
23.3% flattened canals; 41.3% ovals; 27.3% rounded; 4.5% round e 3.6% with
flattening BL (Publication 1). The oval-shaped incisors were prepared: Reciproc 40
(R40) counterclockwise reciprocating; MTwo 40, taper .06 (M 40.06) clockwise
reciprocating (150° clockwise and 30° counterclockwise); and MTwo 20, taper .06
and MTwo 40, taper .06 (M 20/40.06) clockwise reciprocating (Publication 2); R40,
Unicone 20.06 and 40.06 reciprocanting (Uni20/40.06) and Mtwo rotary system until
40.06 (Mtwo seq) (Publication 3); and R40, M40.06 e Mtwo seq (Publication 4).
Filling was performed using single-cone technique (SC) or lateral condensation (LC)
and AH Plus sealer (AHP) (Publication 4); SC and AHP or Neo MTA Plus (NMTAP)
sealer (Publication 5); and LC using MTA Fillapex (MTAF) or AHP sealer (Publication
6). Scans were performed before and after each experimental stage, using the
SkyScan 1176 micro-computed tomography. Volume, percentage of debris,
percentage of uninstrumented surface and voids in obturation were obtained. Data
were submetted to ANOVA and Tukey’s tests or Kruskal-Wallis and Dunn tests, non-
paired T test or Mann-Whitney (a=0.05). Reciproc and Mtwo using different
kinematics were associated with a similar increase in root canal volume. M20/40.06
was associated with significantly lower debris in the middle third. The reciprocation
motion for R40 and the clockwise reciprocation motion for Mtwo resulted in similar
root canal preparations. Less remaining debris was present in the middle third when
two instruments with diferente diameters were used (Publication 2). Unicone
preparation was associated with higher debris, increase in root canal volume and
uninstrumented surface in entire root canal and in the middle third. Better cleaning
and less remaining debris was observed when R40 and Mtwo seq were used
(Publication 3). MTwo seq was associated with higher debris and uninstrumented
surface in the cervical third, and higher percentage of failure for the SC in the entire
root canal and in cervical and apical thirds after this prepare. R40 and M40.06 were
associated with less remaining debris and a similarity between SC and LC
(Publication 4). No significant differences were observed in the different thirds for
AHP or NMTAP sealer. NMTAP sealer presents the ability to fill oval canals by SC
similar to AHP (Publication 5). Filling using MTAF showed higher percentual of voids
in cervical third, with no difference in the other thirds. The volumetric change analysis
revealed higher volumetric loss to MTAF. MTAF provides a greater percentage of
voids in the filling of oval canals, and presents greater volumetric loss than the AHP.
(Publication 6).

Keywords: Endodontics. Root canal obturation. Root canal preparation.
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1 INTRODUCAO

A morfologia do canal radicular exerce influéncia na qualidade do preparo!.
Dentre as diversas anatomias, canais radiculares denominados ovais apresentam
didmetro mesiodistal (MD) menor que o vestibulo-lingual (VL), sdo mais susceptiveis
a fratura radicular>®, e apresentam areas de mais dificil acesso durante o preparo.
Versiani et al.? avaliaram por meio de andlise microtomografica o preparo de canais
ovais utilizando diferentes sistemas (SAF, Reciproc, WaveOne e ProTaper
Universal) e concluiram que nenhum sistema foi capaz de preparar completamente o
canal radicular. Incisivos inferiores apresentam na maioria das vezes um Unico
canal’8° além de elevada incidéncia de canais com morfologia oval, em prevaléncia
que pode exceder um percentual de 50%°%'°. Esta morfologia é empregada para
estudos de preparo e limpeza do canal radicular por apresentar areas de dificil
acesso!l,

A cinematica dos instrumentos também pode influenciar o preparo do canal
radicular. O movimento reciprocante consiste em movimento rotatério ndo continuo
em direcdes opostas (direcdo de corte do instrumento e direcdo de liberagdo do
instrumento). Esta cinematica previne o travamento do instrumento no canal
radicular, permite o preparo com uso de um Unico instrumento e promove redu¢ao
de fadiga ciclica'?1>. Os sistemas Reciproc e WaveOne sdo usados com movimento
reciprocante®-1®, apresentando um maior movimento no sentido anti-horario que
corresponde ao corte do instrumento, seguido de menor rotagcdo no sentido inverso
(horério), proporcionando a progressdo do instrumento para o &pice?°. Reciproc
consiste em sistema de lima Unica fabricado com liga de Niquel titanio M-Wire,
disponivel em trés diferentes tamanhos (R25, R40 e R50). O sistema Unicone
(UnicOne, Medin, Nové Mésto Moraveé, Czech Republic) apresenta ponta inativa e
seccao triangular, disponivel nos tamanhos 20.06, 25,06 e 40.06 sendo preconizado
uso em movimento reciprocante anti-horario, como o Sistema Reciproc. Em analise
comparativa utilizando este sistema, um menor transporte foraminal para o Sistema
Unicone foi observado quando comparado aos sistemas Reciproc e ProTaper??.

Considerando-se a capacidade de corte no sentido horario dos instrumentos
rotatérios, o uso dos mesmos em movimento reciprocante no sentido horario vem
sendo avaliado!’??, O sistema rotatério Mtwo (VDW, Munich, Germany) consiste em

uma sequéncia de limas de NiTi, que apresenta efetividade no preparo?3, incluindo
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limpeza de debris no tergo apical®*. MTwo e Reciproc séo instrumentos com secgdo
transversal semelhante (em forma de “S”), porém direcdo de corte inversa. Desta
forma, o uso da cinematica reciprocante horaria para instrumentos com a
capacidade de corte para direita vem sendo avaliada'®'7.2526 ytilizando rotacéo
horaria maior que a anti-horaria.

Com base nestas consideracdes, a utilizacdo da cinemética reciprocante em
diferentes sistemas mecanizados pode reduzir a fadiga ciclica e torsional dos
instrumentos!32>26, podendo permitir a reducdo do nimero de instrumentos para o
preparo.

O preparo biomecénico dos canais radiculares visa, além de limpeza,
proporcionar conformacéo conica, adequada para a obturacdo do canal®’. Assim, a
qgualidade da obturacdo pode ser influenciada pelo preparo com diferentes sistemas
de instrumentagdo?®, utilizacdo de diferentes técnicas de obturacdo?®, e materiais
obturadores®®-32, Dentre as técnicas preconizadas, a compactacdo lateral é um
método bastante usado devido ao baixo custo e habilidade seladora®, além de
apresentar menores taxas de sobre-obturacdo3*. Quando comparada a técnica de
cone Unico, apresenta resultados similares quanto a quantidade de guta-percha3>3,
habilidade seladora®’3 e qualidade da obturacédo®®. A técnica de cone de guta-
percha Unico tem sido bastante utilizada atualmente em associacdo aos preparos
mecanizados*®. No entanto, a falta de padronizacdo nas medidas de fabricacdo dos
cones dentro de um mesmo sistema e as diferentes anatomias do canal radicular
podem promover falhas na obturagdo*!-43.

Além da técnica utilizada, o cimento obturador € um fator importante para o
sucesso do tratamento. Associado aos cones de guta-percha, os diferentes cimentos
visam o selamento do sistema de canais radiculares. Porém, o material obturador
pode permitir infiltracdo bacteriana®®-32, conduzindo ao insucesso do tratamento
endodoéntico. AH Plus é um material endodbntico a base de resina epoxica que
apresenta habilidade seladora além de baixa solubilidade, o que garante uma maior
integridade do cimento com menor perda de estrutura para o ambiente oral**. MTA
Fillapex tem sido proposto como material obturador endodontico, apresentando
algumas propriedades fisicas adequadas®, como escoamento e radiopacidade
conforme recomendacdes ISO. No entanto, em analise de propriedades fisico-
guimicas e mecanicas, altos valores de solubilidade foram observados*4’. Neo MTA

Plus consiste em um material a base de silicato de calcio que apresenta adequada
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radiopacidade e hidratacdo, ndo promove descoloracdo, radiopacidade satisfatéria e
liberacdo de ions célcio e hidroxila significativamente maior que MTA Plus, além de
apresentar biocompatibilidade*®°. As finas particulas dos componentes do material
podem favorecer o escoamento do cimento®!, além de ter sido demonstrada
penetrabilidade do Neo MTA Plus nos tubulos dentinarios®?.

A maior parte dos estudos existentes para analise de materiais, em especial
para Neo MTA Plus, consiste em avaliar suas propriedades fisico-quimicas e
biologicas. A comparacdo deste material com relacdo a atuacdo em canais
radiculares ovais avaliando falhas na obturacdo, sendo ainda comparados a um
cimento padrdo ouro como AH Plus ainda se encontra escassa na literatura.

Para andlise comparativa das etapas do tratamento endodontico realizadas
com diferentes variaveis, dentre os métodos atuais destaca-se a microtomografia
computadorizada (micro CT). A possibilidade de executar analises ndo destrutivas
permite que um mesmo espécime seja utilizado na analise dessas diferentes etapas
do tratamento, como preparo e obturacdo. A analise do preparo avaliando
parametros de volume, superficie ndo instrumentada, aumento de volume, debris,
entre outros®3%* e da obturacdo de canais radiculares, em especial analisando falhas
na obturacdo® > é realizada empregando esta ferramenta que possibilita alta
resolucdo e qualidade de imagens. Suas caracteristicas de andlise permitem a
avaliacao de detalhes tridimensionais, especialmente falhas da obturacéo.

Sendo assim, a analise do preparo de canais radiculares ovais empregando
diferentes sistemas, cineméaticas e instrumentos, além da obturacdo com diferentes

técnicas e materiais sédo propostas deste estudo.
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2 PROPOSICAO

Os objetivos do presente estudo foram:

2.1 Proposicao Geral

Classificar incisivos inferiores e avaliar por meio de micro-CT o preparo e

obturacéo de canais radiculares ovais.

2.2Proposicdes especificas

Publicacdo 1: Avaliar e classificar a morfologia do canal radicular e espessura
dentinaria, comparando analises radiograficas e em micro-CT.

Publicacdo 2: Avaliar por micro-CT o preparo de canais radiculares ovais
empregando movimento reciprocante com diferente ciematica utilizando os sistemas
Reciproc e MTwo.

Publicacdo 3: Avaliar por meio de micro-CT o preparo de canais radiculares
ovais empregando movimento reciprocante e rotatorio utilizando os sistemas
Reciproc, Unicone e MTwo.

Publicacdo 4: Avaliar por meio de micro-CT a qualidade de obturacdo de
canais ovais preparados com sistemas Reciproc R40, Mtwo 40.06 e sequéncia Mtwo
e obturados com cone Unico e compactacao lateral.

Publicacdo 5: Avaliar a qualidade de obturacdo de canais radiculares ovais
com diferentes cimentos (Neo MTA Plus e AH Plus) ap0s preparo com sistema
Unicone e obturados pela técnica de cone unico.

Publicacdo 6: Avaliar a qualidade de obturacdo de canais radiculares ovais
com diferentes materiais (MTA Fillapex e AH Plus) obturados pela técnica de cone

anico, e a alteracdo volumétrica dos cimentos endodonticos.
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3 PUBLICACOES

3.1 Publicagéo 1*

Radiographic and Micro-CT classification of root canal morphology and dentin

thickness of mandibular incisors

ABSTRACT

Context: Root canal anatomy is evaluated using different methodologies.

Aims: To evaluate and classify root canal morphology and dentin thicknesses (DT),
comparing radiographic and Micro-CT analysis.

Methods and Material: Canal diameter and DT of mandibular incisors (n=520) were
evaluated using digital radiographs in buccolingual (BL) and mesiodistal (MD)
directions. The diameter ratio (DR) BL/MD was classified: flattened (FL, DR>4); oval
(OQV, 2sDR=24); rounded (RN, 1.1<DR>2); round (RO, 0.9sDR=1.1); and with BL
flatness (BL, DR<0.9). OV (n=110) were subjected to Micro-CT. DT and DR were
evaluated at 3, 6 and 9 mm. ANOVA, Tukey and paired Wilcoxon tests (P<0.05) were
used.

Results: Radiographic classification was 23.3% FL; 41.3% OV, 27.3% RN; 4.5% RO
and 3.6% BL. DT was similar. Radiographic DT at 3 and 9 mm was greater than
Micro-CT (P<0.05), and were similar at 6 mm (P>0.05). DR differed between the
analyses. Oval canals were predominant at all levels radiographically and at 9 and 6
mm in Micro-CT analysis, with greater variation at 3mm.

Conclusion: Oval root canals are predominant in mandibular incisors at 9 mm.
Radiographic DT is larger than observed in Micro-CT at 3 and 9 mm, and the
classification differed in each root level. The classification at 9 mm is indicated.

Key Words: Endodontics, radiography, root canal anatomy, x-Ray Microtomography.
Key Messages: The oval shape is predominant in mandibular incisors with a single
canal, at 9 mm from the apex. When comparing the radiographic and Micro-CT
analyses, the radiographic mesial and distal thickness is greater at 3 and 9 mm. The

classification at 9 mm from the apex must be indicated for root canal classification.

* Artigo publicado e descrito segundo as normas do periddico Journal of Conservative Dentistry
(Confira autorizacéo da editora para publicacdo no Anexo A) .
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INTRODUCTION

Root canal morphology is evaluated using different methodologies, such as
staining and clearing techniques, radiographic, cone beam computed tomography* or
microtomographic analysis?®“. Mandibular incisors are commonly used for different
analysis, especially considering the number of main and accessory canals®.
Mandibular incisors are also widely used in Endodontics studies because they have
flattened and oval canals. The cross section morphology of the root canal is classified
according to the radiographic measurement of the mesiodistal (MD) and buccolingual
(BL) diameter ratio (DR)®’: round (similar DR), oval (DR two times larger), long oval
(DR up to 4 times larger), flattened (DR 4 or more) and irregulars (undefined
values)’. It has been defined based on different root levels7 or sections at 1, 2, 3, 4
and 5 mm from the apex (DR=2)°.

Mandibular incisors commonly have a single canal® and high prevalence of
oval root canal®?, been extensively used to evaluation of root canal cleaning and
preparation using different instruments®°. Microtomographic analysis has also been
widely used to evaluate this morphology, such as root canal preparation, root canal
filling and retreatment protocols'**?,

Dentin thickness of root walls at the different levels are important to the
planning of root canal preparation maintaining the root strength’3. Roots with a MD
dimension smaller than the BL are more susceptible to fracture, as observed in
maxillary premolars, mesial roots of mandibular molars, and mandibular incisors*4.
Moreover, planning for intracanal posts'® depends on evaluating the remaining dentin
thickness'®. This thickness may be evaluated radiographically6, with possible
occurrence of distortions due to superimposition of root wall structures. Evaluation by
using microtomographic analysis obtain precise measurements of this thickness?*’.

Considering the importance of root canal morphology and dentin thickness of
root walls for research protocols and clinical procedures, the aims of this study is to
evaluate and classify the root canal shape and dentin wall thicknesses of mandibular
incisors, and compare radiographic and Micro-CT analyses.
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MATERIAL AND METHODS

Five hundred and twenty mandibular incisors approved by Ethics Committee
(#699.061) were radiographed (Kodak RVG 6100 Atlanta, GA, USA) in the
buccolingual (BL) and mesio distal (MD) directions to select teeth with single canal,
absence of endodontic treatment and without extensive restorations.

Radiographic Analysis

The images obtained were analyzed by CTan (V1.11.8; SkyScan, Belgium)
software, measuring the root canal diameter in the BL and MD direction (n=520).
These measurements were made at 9 mm from the apex (middle third) to classify the
root canal shape. According to the BL/MD diameter ratio (DR), were classified:
flattened canals (FL, DR>4); oval canals (OV, 2<DR=24); and an additional
classification, with rounded canals (RN, 1.1<DR>2); round (RO, 0.9<DR=1.1) and
with flattening BL (BL, DR<0.9) (Figure 1A). The dentin thickness (DT) of buccal,
lingual, mesial and distal walls was also evaluated in each sample, by using the
same tool. The measurements were made at 3 and 9 mm from the apex. The
distance between the root canal and external wall was considered as the value

corresponding to the dentin thickness of the walls (Figure 1B).

1A
1 1 m

Classification - DR BL/MD

Jouetal - Flattened (RD>4) 233%
D - MD D-BL (20) 2- Oval (2<RD>4) 413%
Q (s
(9mm) (Smm) 3-Rounded (RD=1,1<RD>2)  27.3%
Additional
tond 4- Round (0,9<RD>1.1) 45%
classification
proposal S- BL flamess (RD<0.,9) 3.6%

I 1

Distal Mesial Buccal Lingual

ED (9mm) ED (9mm) ED (9mm) ED (9mm)

ED (3mm) ED (3mm) ED (3mm) ED (3mm)

Fig. 1 1A: Buccolingual (BL) and mesiodistal (MD) radiographic images (I). Analysis of
mesiodistal (MD) and buccolingual (BL) diameter (D) of root canal at 9mm from the apex (II).
Classification according to the observed diameter ratio (DR) BL/MD (l11).

1B: Radiographic images (l) used to analysis the dentin thickness (DT) of mesial (M)

and distal (D) (1) dentin walls and e buccal (B) and lingual (L) (Ill) at 3 and at 9 mm from the apex.
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Microtomographic and Radiographic Analysis

At this stage, a hundred and ten mandibular incisors radiographically classified
as oval were subjected to microtomographic scannings using the Micro-CT scanner
(SkyScan 1176, Bruker-microCT, Kontich, Belgium). The scanning parameters were
based on a pilot study and were performed at 70 kV, 353 mA and 360° rotation, and
a 0.5° rotation step, resulting in an image with a 17.42-um voxel size, filter made of
aluminum and duration time of 23 minutes 14 seconds.

Thereafter, the images were reconstructed using NRecon (V1.6.4,7; SkyScan,
Belgium) software. The adjustment of reconstruction parameters were made in order
to suppress noises. Fine-tuning function enabled set artifact correction values, such
as Gaussian filter, beam hardening correction, post alignment and ring artifact
correction.

The resulting images were processed in Data Viewer (V1.5.1.2; Sky Scan,
Belgium) software, to obtain sagittal sections and were analyzed with CTan (V1.11.8;
SkyScan, Belgium) (Figure 2A). The BL/MD DR, and dentin thickness of mesial and
distal walls of the samples was measured at 3, 6 and 9 mm from the apex (Figure
2B), as previously described. These 110 samples were also evaluated
radiographically again, with the DR and dentin thickness being measured at 3, 6, and

9 mm from the apex.

MIRILRIT
joieie

Fig. 2 2A - Diameter mesiodistal (MD — al, a3, a5) and buccolingual (BL — a2, a4, a6)
evaluated in radiographic images (red lines). Diameter ratio (DR) (b1, b2, b3) observed (blue lines) in
micro CT images at 3 (1), 6 (II) e 9 (lll) mm from the apex.

2B - Images obtained using CTAn software and measurements of dentin thickness
(white lines) of mesial (M) e distal (D) dentin walls at 3 (1V), 6 (V) and 9 (VI) mm from the apex.
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Statistical Analysis
The data obtained were submitted to the ANOVA and Tukey tests and

Wilcoxon paired correlation test, at a 5% level of significance.

RESULTS

Radiographic Analysis

The 520 mandibular incisors evaluated at 9 mm from the apex were classified:
121 (23.3%) flattened; 215 (41.3%) oval; 142 (27.3%) rounded; 23 (4.5%) round; and
19 (3.6%) with BL flatness. As regards the dentin wall measurements, the
thicknesses at 3 and 9 mm from the apex were similar between the different
classifications, except for the buccal wall that was greater for flattened canals
compared with those considered rounded, both at 3 and at 9 mm (Table 1).
Microtomographic and Radiographic Analysis

A hundred and ten samples radiographically considered oval were evaluated.
A comparison between the values obtained radiographically and by Micro-CT
analysis was performed. The radiographic dentin thickness was greater than that
obtained by Micro-CT for the mesial and distal walls at 3 and 9 mm (P<0.05), and
were similar at 6mm (P>0.05) (Table 2).

Based on the values for the DR at the 3 root levels, the authors reclassified
the samples considered oval by the radiographic exam at 9 mm level. Therefore,
using Micro CT at 9mm level, the classification was: 94 (85.4%) oval; 14 (12.7%)
flattened; and 2 (1.8%) rounded. By the Micro-CT analysis at 6mm: 58 (52.7%) were
oval; 9 (8.1%) flattened; 28 (25.4%) rounded; 11 (10%) round; and 4 (3.6%) with BL
flatness. At 3 mm, 35 (31.8%) were considered oval; 1 (0.9%) flattened; 48 (43.6%)
rounded; 17 (15.4%) round; and 9 (8.1%) with BL flatness. Radiographically at 9 mm,
the 110 samples were classified as oval. However, at 6mm, 69 (62.7%) were
considered oval; 27 (24.5%) flattened; 12 (10.9%) rounded; and 2 (1.8%) round and
at 3 mm, 62 (56.3%) were considered oval; 8 (7.27%) flattened; 25 (22.7%) rounded,;
13 (11.8%) round; and 2 (1.8%) with BL flatness (Table 3).
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Table 1 — Distribution of mandibular incisors classified at 9 mm from apex by

diameter ratio (DR); buccolingual (BL) and mesio distal (MD) ratio. Mean and

standard deviation of dentin thickness (in mm) of buccal (B); lingual (L); mesial (M);

and distal (D) walls after radiographic analysis

Radiographic evaluation of mandibular incisors with single canal (n-520)

Classification

*Flattened
(DR>4)

*Oval
(2<DR24)
**Rounded
(1.1<DR>2)
**Round
(0.9=sDR21.1)
** BL flatness
(DR<0.9)

Dentin thickness (DT)

Total
%
520
B
1.552
212 23.3
(x0.2)
1.48ab
215 41.3
(x0.2)
1.43b
142 27.3
(x0.2)
1.39ab
4.5
(x0.2)
1.432b
3.6
(x0.2)

3mm
L M D
156 0.83 0.872
(x0.2) (x0.2) (x0.2)
1.54% 0.832 0.882
(x0.2) (x0.19) (£0.19)
149 0.83 0.872
(x0.2) (x0.19) (x0.18)
1.44% 0.802 1.21@
(x0.2) (x0.16) (x1.4)
1.50* 0.782 0.832
(x0.2) (x0.17) (+0.18)

B
1.982
(+0.3)
1.912b
(+0.2)
1.85P

(+0.2)

1.992b

(+0.2)

1.782b

(+0.2)

L
2.002
(£0.2)
1.962
(+0.2)
1.952
(£0.2)
1.972
(+0.2)
1.952
(+0.2)

9mm
M

1.252
(x0.2)
1.252
(£0.2)
1.292
(x0.2)
1.252

(£0.17)
1.202
(x0.2)

1.292
(£0.2)
1.272
(x0.2)
1.272
(£0.2)
1.312
(x0.2)
1.212

(+0.15)

Different letters in each column indicate statistically significant differences (P<0.05).

*Classification according to Jou et al. (20)

*Additional Classification proposed

Table 2 - Means and standard deviation (x) for mesial (M) and distal (D) dentin

thickness values (in mm). Buccolingual (BL) and mesio distal (MD) diameter values

(in mm) of the radiographic and microtomographic analyses. Mandibular incisors with

root canal radiographically classified at 3, 6 and 9 mm from Apex
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Radiographic and microtomographic analyses of the dentin thickness and canal diameters

Analysis
3mm
M D
Rx 0.772 0.852
+0.19 +0.18
Micro 0.71° 0.74°
CT +0.13 +0.16

Dentin thickness

6mm 9mm
M D M D
0.972 1.06& 1.212 1.262
+0.19 0.2 +0.2 +0.2
0.922 (0.982 1.10° 1.09°
+0.13 +0.7 +0.16 0.15

3mm

BL

0.52
+0.24

0.522
+0.18

MD

0.222
+0.08

0.33°
+0.1

Canal Diameters

6mm

BL

0.972
+0.33

0.78°
+0.27

MD

0.312
+0.12

0.37°
+0.11

O9mm

BL

1.372
+0.37

1.30°
+0.3

MD

0.512
+0.14

0.39°
+0.1

Different letters in each column indicate statistically significant differences (P<0.05).

Table 3 - Reclassification according to the buccolingual/mesio distal diameter ratio by

radiographic and microtomographic analyses at 3, 6 and 9 mm of mandibular incisors

samples with root canals radiographically classified as oval at 9 mm from the Apex

Radiographic and microtomographic reclassification of oval root canals

Classification

*Flattened

*Qval

**Rounded

**Round

** Bl flathess

DR (VL/MD)

DR>4

2sDR24

1.1<DR>2

0.9sDR21.1

DR<0.9

Radiographic Analysis
3mm 6mm 9mm
8 27 0
(7.27%)  (24.5%)
62 69 110
(56.3%) (62.7%) (100%)
25 12 0
(22.7%)  (10.9%)
13 2 0
(11.8%) (1.8%)
2 0 0
(1.8%)

Microtomographic Analysis

3mm

1
(0.9%)

35
(31.8%)

48
(43.6%)

17
(15.4%)

9
(8.1%)

6mm 9mm
9 14
(8.1%) (12.7%)
58 94
(52.7%) (85.4%)
28
2 (1.8%)
(25.4%)
11
0
(10%)
4 0
(3.6%)

*Classification according to Jou et al.?°

**Additional Classification proposed
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DISCUSSION

In the present study, high variability of the DR BL/MD was observed by using
radiographic measurements at 9 mm from the apex. This DR showed values ranging
from 0.9 to values higher than 4. The root canal morphology is classified by means of
various criteria, and it is normally considered oval when the DR values are over 2°.
Therefore, considering this variability and the need for standardizing the planning of
different studies in Endodontics, it was considered: flattened (FL, DR>4) and oval
(OV, 2<DR24) canals, as previously described’, as well as an additional
classification: rounded (RN, 1.1<DR>2), round (RO, 0.9<DR2=1.1) and BL flatness
(BL, DR<0.9).

The root level used to determine the classification of cross section morphology
of the root canal is variable and frequently not specifically described'#'819 The
authors observed high variability in the values for DR used in teeth selection'??%, as
well as divergence between the classification of oval or flattened canals'®'3. This
study used specific values to determine the points of measurement for the analysis
(3, 6 and 9 mm) in order to achieve more standardized definition for the different
types of studies. Cross section morphology of the root canal considered oval after
radiographic classification at 9 mm from the apex presented other classifications at 3
and 6 mm from the apex, corroborating with previous studies'’. Moreover,
radiographic and microtomographic analyses showed no correlation, demonstrating
different classifications between them. Many studies make this measurement in the
apical third,**3 since an oval morphology is commonly found at 3 mm from the apex.
However, at this distance, the authors found higher percentages of samples
considered rounded (43.6%) in Micro-CT, corroborating with previous study?. At 9
mm, a higher correlation to the DR was obtained, with lower variability and a higher
prevalence of oval morphology at this point (Table 3). This higher prevalence of oval
classification for mandibular incisors was also reported, varying from 76.2% at 3mm?;
56% at 5mm©; or even 88% from 3-5 mm**.

In the present study, the MD canal diameter at 3mm was 0.22mm,
corroborating with previous study a constant MD distance in the 3 mm apical
measurements, with values between 0.20 and 0.25mm?. In the remaining levels of
measurement (6 and 9 mm), the MD and BL diameters showed values increasing

progressively in the coronal direction (Table 2). These variations in diameter
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significantly interfere in the BL/MD diameter ratios of root canals, influencing the
distribution of classifications (Table 3).

The mesial and distal dentin thickness showed values between 0.9 and 1.0 at
6mm level, without difference between the radiographic and microtomographic
analyses. However, the measurements at 3 and 9 mm showed values between 0.71
and 1.26, with difference between them (Table 2). The analyses by using Micro-CT
show values closer to real’, since they eliminate the superimposition of structures.
Moreover, it is possible to observe the flattening dentin wall, specially evaluating the
sagittal section (Figure 2). In spite of being a simpler method, radiographic evaluation
may show a larger thickness than that obtained by Micro-CT, due this
superimposition of structures and distortions of the image. No flattened areas (apical
or middle third) were shown in the radiographs, and this may influence planning of
apical instrumentation or preparation for intracanal posts. Although radiographic is
clinically the most widely used method, microtomography is suggested as a tool for
the selection of samples to be used in different studies, especially when specific
morphologies are selected, standardizing results with high clinical relevance. A
poorer image details was observed, for example, to cone beam computed
tomography in comparison to microcomputed tomography, with difference when used
in the different root thirds?'’.

The root wall morphology and structure has a direct influence on planning of
root canal preparation’® and intracanal posts'®>. An incorrect planning may favor
micro-cracks or diminish the strength of the root. Smaller dentin thickness may
increase susceptibility root fracture??. Although fractures predominantly occur in the
BL direction?®, a considerable number of fractures in the MD direction was
observed?*, with different types of cracks and DT values (DT<0.3 or DT=20.3).
Therefore, the proximal DT observed (values 20.3 — as demonstrated in Table 2) may
be used for planning studies about the influence of it on apical instrumentation of the

root canal, or the use of intracanal posts.
CONCLUSION
Oval root canals is predominant in mandibular incisors with a single canal,

after radiographic and Micro-CT analysis at 9 mm from the apex. In radiographic

analysis, dentin thickness is similar between the different classifications (i.e. oval,
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round, flattened). However, when comparing the radiographic and Micro-CT analysis
of oval canals, the radiographic mesial and distal thickness is greater at 3 and 9 mm,
and the diameter ratio values vary according to the root level. The classification at 9
mm from the apex showed greater proximity between the analyses, and must be

indicated for root canal classification.

The authors declare that they have no conflict of interest.
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3.2 Publicacao 2*

Counterclockwise or clockwise reciprocating motion for oval root canal

preparation: a micro-CT analysis

ABSTRACT

Aim To evaluate oval root canal preparation using one or two instruments in
counterclockwise or clockwise reciprocating motion.

Methodology The radiographic diameter of mandibular human incisors was
evaluated, and oval canals were selected (2 < Diameter Ratio < 4). Fiftyseven teeth
were assigned to root canal preparation (n = 19): Reciproc 40 (R40) in a
counterclockwise reciprocating motion; Mtwo size 40, .06 taper (M 40.06) in a
clockwise reciprocating motion or Mtwo size 20, .06 taper and size 40, .06 taper (M
20/ 40.06) in a clockwise reciprocating motion. Mtwo instruments were coupled to an
ENDO DUAL motor, turning 150° clockwise and 30° counterclockwise. Scanning was
performed before and after root canal preparation using a SkyScan 1176 micro-
computed tomography. Volume, percentage of debris and percentage of
uninstrumented surface were analysed in the entire root canal and in each third of
the canal. Data were compared using ANOVA and Tukey’s tests or Kruskal-Wallis
and Dunn tests.

Results The Reciproc and Mtwo systems using diferente kinematics were associated
with a similar increase in root canal volume. Additionally, both system had similar
percentage of uninstrumented surface (P > 0.05). Mtwo size 20, .06 taper and size
40, .06 taper was associated with significantly lower debris (P < 0.05) in the middle
third (0.56%) when compared to R40 (1.31%) and M size 40, .06 taper (1.54%).
Conclusions The conventional reciprocation motion for R40 and the clockwise
reciprocation motion for Mtwo resulted in similar root canal preparations. Less
remaining debris was present in the middle third when two instruments with diferente

diameters were used.

Keywords: micro-computed tomography, reciprocating motion, root canal preparation.

* Artigo publicado e descrito segundo as normas do periddico International Endodontics Journal
(Confira autorizacéo da editora para publicacdo no Anexo B)
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INTRODUCTION

Reciprocating motion is a noncontinuous rotation, originally with a movement
towards the cutting direction of the instrument (counterclockwise), followed by a
minor rotation in the release direction (clockwise). Rotary instruments are produced
to cut in clockwise rotation and the use of these instruments in reciprocating motion
has been evaluated (Yared 2008, De-Deus et al. 2010a, Gavini et al. 2012, Giuliani
et al. 2014), using clockwise rotation greater than the counterclockwise rotation.

Single-file root canal preparation has some potential advantages, promoting
simple and adequate shaping ability (Burklein et al. 2012, Stern et al. 2012, Versiani
et al. 2013). However, in complex root canals and isthmus areas, the use of more
than one instrument may be preferred, promoting better root canal cleaning with less
debris (Robinson et al. 2013). Preparation with an additional instrument can also
decrease the area of uninstrumented canal wall (Amoroso-Silva et al. 2016).

Mtwo and Reciproc (VDW, Munich, Germany) are systems with S-shaped
cross-sectional design. However, Mtwo is a rotary NiTi file system used in clockwise
rotation, whilst Reciproc is a single-file system manufactured with NiTi M-wire alloy,
used with reciprocating counterclockwise motion.

Cross-sectional root canal morphology directly influences many endodontic
procedures, such a root canal preparation (Versiani et al. 2013) and filling
(Rechemberg & Paqué 2013). Oval root canals are often studied (Oliveira et al. 2015,
Farmakis et al. 2016, de Siqueira et al. 2016), especially as they are more difficult to
clean effectively (Versiani et al. 2013).

Thus, the aim of this study was to assess the preparation of oval canals with
one or two instruments using different kinematics. The null hypothesis was that there
are no differences in the shaping ability and cleaning capacity between the clockwise

or counterclockwise reciprocating motion and the use of one or two instruments.

MATERIAL AND METHODS

Selection of teeth

After Institutional Ethics Committee approval (CEP #31725014.7.0000.5416),
extracted mandibular incisors were selected. They were submitted to digital
radiography (Kodak RVG 6100), and the diameter ratio (DR) was obtained by
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measuring the mesiodistal and buccolingual length of the root canal. Oval-shaped
root canals were selected when the buccolingual distance was 2—4 times larger than
the mesiodistal diameter (2 < DR < 4). Fifty-seven teeth with single roots and fully
formed apices were selected and stored in 0.1% thymol solution at 5 °C. All teeth
were mounted on a custom attachment and scanned using a high-definition micro-CT
scanner SkyScan 1176 (SkyScan 1176, Bruker-microCT, Kontich, Belgium). The
parameters used were 70 kV, 353uA, 360° rotations, a 0.5-mm-thick aluminium filter
and a 0.5° rotation step, resulting in an image with a 17.42-Im voxel size. Images of
all specimens were reconstructed using NRecon software (NRecon v.1.6.3, Bruker-
microCT). A 3D evaluation of the initial volume and surface area of the root canal
was performed using CTAn (CTAn v.1.14.4, BrukermicroCT), and based on
morphological parameters of the root canals (length, diameter ratio, volume and
surface area), teeth were divided into three experimental groups (n = 19).

After washing in water for 48 h, access to the root canals was created using
high-speed diamond burs (n.2, KG Sorensen, Sao Paulo, SP, Brazil) and the root
canals were explored using a size 10 K-file (Dentsply Sirona, Ballaigues,
Switzerland). When the tip of the instrument became visible through the apical
foramen, the work length (WL) was established 1 mm shorter. Then, a glide path was
established using a size 10 K-file (Dentsply Sirona) and a single operator with clinical

experience with Reciproc and Mtwo systems prepared all samples.

Root canal preparation with Reciproc 40

R40 (size 40, .06 taper) instruments were driven with an electric motor
(VDW.SILVER, VDW GmbH, Munich, Germany) in a reciprocating motion, according
to manufacturer’s instructions. The instrument was gradually inserted into root canal
in a slow in and- out motion, at the three levels (cervical, middle and apical), with a
brushing motion against the walls of the root canals. A new R40 instrument was used
for each root canal preparation.
Root canal preparation with Mtwo size 40, .06 taper

Mtwo 40 (size 40, .06 taper) instrument was used in an alternating rotation
(150° in clockwise [CW] 150° and counterclockwise [CCW] 30°) driven with the
ENDO DUAL electric motor (Satelec, By Dental srl, Pistoia, Italy). The recommended
in-and-out motion was the same as described for the R40. A new M size 40, .06 taper

instrument was used for each root canal preparation.
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Root canal preparation with Mtwo size 20, .06 taper and size 40, .06 taper

In this group, before the use of Mtwo size 40, .06 taper instruments as
previously described, an Mtwo 20 (size 20, .06 taper) instrument was used. Both
instruments prepared each canal with the same kinematic described for M size 40,
.06 taper. A new M size 20, .06 taper and M size 40, .06 taper instruments were used
for each root canal preparation. Root canal irrigation was performed with 2 mL 2.5%
NaOCI after preparation of each third. After preparation, the root canals were
irrigated with 5 mL 2.5% NaOCI followed by a final irrigation with 2 mL 17% EDTA.
The time of preparation was also recorded.

Micro-CT analysis

The scans before and after root canal preparation were reconstructed using
NRecon software. A geometric alignment was performed using the 3D registration
function in Data Viewer software (Data Viewer v.1.5.1, Bruker-microCT). After Data
Viewer analysis, images were quantitatively analysed using CTAn software (CTAN
v.1.14.4, Bruker-microCT). A density histogram was used in a global threshold
method. This segmentation determined the dentine before and after instrumentation,
and the values ranged from 65 to 73. Task lists were applied and arithmetic and
logical operations between the superimposed cross-sectional images were
performed.
The initial volume (1V) and the final volume (FV) — after preparation — were obtained.
Based on these values, the increase in volume (FV - IV) and the percentage of
increase [(FV 9 100/IV) - 100] was calculated. The percentage of debris (material
with a density similar to dentine previously occupied by air) and percentage of
uninstrumented surface were obtained, using specific formulas as follows:

%debris = final debris vol x 100

final volume

%o0f uninstrumented areas = uninstrumented area x 100

initial area

Hard-tissue debris is formed inside the root canal as confirmed in a previous
study using high-resolution micro-CT imaging (Paque et al. 2009). The
threedimensional (3D) study also enables the evaluation of the previous state of

dentine surface before the root canal preparation, allowing the evaluation of the free
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debris area or an unprepared area (De-Deus et al. 2011). Voxels representing the
dentine wall in the main root canal that were removed during instrumentation and
then occupied by hard-tissue debris could not be measured because of the
impossibility to discern between accumulated hard-tissue debris and dentine on the
scans (Paque et al. 2009, Freire et al. 2015). Matched images of the surface areas of
the root canals before and after preparation were examined to evaluate the
percentage of uninstrumented canal wall surface (number of static voxel surface) (da
Silva Limoeiro et al. 2016). All values were calculated by subtracting the scores for
the treated canals from those recorded for their untreated counterparts and then
converted into percentages (Amoroso-Silva et al. 2016). All analyses were conducted

in the entire canal and in each third of the root canal (apical, middle and cervical).

Statistical evaluation

Data obtained for the initial volume (IV) and the final volume (FV) were
submitted to one-way ANOVA and Tukey’s tests (a<0.05). The data obtained for the
percentage relation between the volume measures (%V), the percentage of debris
(%D) and the percentage of uninstrumented surface (%S) were submitted to
Kruskal-Wallis test, complemented by Dunn’s test for multiple comparisons (a <
0.05).

RESULTS
Volume

Table 1 shows the results of initial volume (mm3), final volume (mm?3) and
percentage of increase in the volume of the entire root canal and of each third. For
the entire canal and each third, there was no significant difference amongst the
groups (P > 0.5). The entire preand postoperative volumes (mm?3) of the root canals
were not different amongst the R40 (3.37 and 6.05 mm?, respectively), M size 40, .06
taper (3.53 and 6.59 mm3, respectively) and M size 20, .06 taper/size 40, .06 taper
(3.64 and 6.33 mma3, respectively) (P > 0.05). The preparation with regard to volume
using different instruments was similar, as demonstrated by the increase of volume
(%), with no significant difference for the entire canal and in its thirds (P > 0.05). The
3D reconstructions for the groups with regard to canal volume are shown in Fig. 1a,b.
Debris
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The results for debris are shown in Table 2 for the entire root canal and its
thirds. The R40 and M size 40, .06 taper preparation produced in the middle third
more debris than M size 20, .06 taper/size 40, .06 taper (P < 0.05). Throughout the
canal and in the other thirds, there were no significant diferences (P > 0.05). The Fig.
1d,e shows representative images, in which the black colour indicates the total
accumulated hard-tissue debris plus instrumented areas.

Uninstrumented surfaces

The results of uninstrumented surfaces are also shown in Table 2 for the
entire canal and its thirds. No differences were observed amongst the groups (P >
0.05). Changes in the canal shape are demonstrated by the superimposition of

preoperative root canal (green) and post-instrumentation (red), showing untouched

areas (Fig. 1c).

Preparation time

The time of preparation using R40, M size 40, .06 taper and M size 20, .06

taper/size 40, .06 taper were not significantly different (P > 0.05), with a mean of
2.658, 2.827 and 3.207 min, respectively.

Table 1 - Initial, final and increase in the volume (%) of root canal volume (means

and standard deviations).

Experimental groups

R40 M40.06 M20/40.06
Volume All* 3.37+£0.79 3.53+1.84 3.64+1.12
(mm?3) (initial) Cervical 2.27+0.57 2.38+1.42 2.50£0.79
Middle 0.9+0.32 0.99+0.41 0.85+0.3
Apical 0.31+0.15 0.33+0.15 0.26+0.08
Volume All* 6.05+1.01 6.59+1.15 6.33+0.77
(mm?) (final) Cervical 3.71+0.61 3.98+0.8 3.98+0.49
Middle 1.73+0.3 1.94+0.29 1.8+0.24
Apical 0.59+0.19 0.64+0.15 0.57+0.11
Increase All* 79.52+34.37 86.68+51.35 73.9+23.61
in volume (%) Cervical 63.43+24.07 67.22+41.67 59.2+33.93
Middle 92.2+43.38 95.95+51.33 111.76+x47.91
Apical 90.32+60.15 93.93+70.21 119.23+56.64

No statistically significant difference was observed between groups in any variable measured throughout the canal and in

each region (P > 0.05), according to ANOVA and Tukey tests. *All: entire root canal.
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Table 2 — Median percentage and minimum and maximum values (interquartile range) of different
parameters measured after root canal preparation

Experimental groups

R40 M40.06 M20/40.06
Debris (%) All* 1.87 (0.36 — 5.85) 2.14 (0.08 — 6.61) 1.43 (0.16 — 5.69)
Cervical  0.16 (0.01 — 2.26) 0.39 (0.01 — 2.65) 0.11 (0.01 — 1.11)
Middle 1.21 (0.05 — 4.08) 2 1.47 (0.01 —5.11)2  0.41 (0.01 — 2.37)®
Apical 0.78 (0.01 — 3.25) 0.69 (0.01 — 2.98) 0.49 (0.04 — 2.35)
Uninstrumented All* 17.81 (3.93 - 36.75) 16.99 (1.15-34.83) 10.27 (2.02 — 37.82)

surface (% )
(%) Cervical 2.99 (0.27 — 19.08) 4.77 (0.03 - 13.35) 1.75 (0.19 — 14.59)

Middle  6.32(1.48-18.75)  6.89 (0.06 —17.83)  4.82 (0.14 — 21.76)
Apical  4.41 (0.01 — 18.65) 4.1 (0.19 — 15.5) 3.13 (0.64 — 26.21)

Different superscript bold letters in the same line indicate statistical significant difference between groups (Kruskal-Wallis
test, P < 0.05). No statistically significant difference was observed between groups in any variable measured throughout
the canal and in each region (P > 0.05), except for the analysis of accumulated debris after preparation measured in the
middle third (P< 0.05). *All: entire root canal.




35

Figure 1 Three-dimensional micro-CT scans reconstruction of the external and internal anatomy of
oval canals of mandibular incisors of the R40, M40.06 and M20/40.06 groups. (a) The root canal
before (green) and (b) after (red) preparation. (c) Superimposition of preoperative root canal (a) and
post-instrumentation (b). (d) Superimposition of accumulated hard-tissue debris plus instrumented
areas (black areas) over the postoperative anatomy (green). (e) Total accumulated hard-tissue debris

plus instrumented areas (black areas).

DISCUSSION

The effectiveness of root canal preparation depends on many factors,
including root canal morphology, techniques and instruments. Several studies have
investigated the unprepared surfaces on root canal walls (Paque et al. 2010,
Ruckman et al. 2013, Busquim et al. 2015) or accumulated hard-tissue debris (Paque
et al. 2012, De-Deus et al. 2014, Freire et al. 2015, Versiani et al. 2016).
Reciprocating motion using a clockwise rotation greater than the counterclockwise
motion allows the use of a greater number of instruments available. Furthermore,
reciprocating motion as an alternative to continuous rotation may reduce the risk of
instrument fracture and root canal aberrations (Yared 2008, Varela-Patino et al.
2010).

A side effect of root canal preparation is the production of debris retained on
dentine or on instrumented surfaces. Smear layer and accumulated hard-tissue
debris are collect specifically in isthmuses, irregularities and ramifications of the
complex root canal network (Paque et al. 2009, De-Deus et al. 2014). Accumulated
hard-tissue debris may interfere with disinfection of the root canal (Paque et al. 2012)
or with root filling (Metzger et al. 2010, Freire et al. 2015). The use of nondestructive
micro-computed tomography allows the scanning of teeth before and after
preparation, making possible the measurement of the debris using software (De-
Deus et al. 2014, Freire et al. 2015, Versiani et al. 2016). According to Robinson et
al. (2013), ‘pixels that were occupied by air and then became dentine must be
debris’. In the present study, this tool was used to quantify the volume of debris and
its percentage in the root canal. It was calculated using specific tasks lists and
arithmetic and logical operations between the superimposed cross-sectional images
(Freire et al. 2015).

According to the present study, more debris was observed in the middle third
of the root canal. Mandibular incisors commonly have a single canal (Vertucci 1974,
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Miyashita et al. 1997, Mauger et al. 1998) with variable morphology and high
prevalence of oval root canal (Wu et al. 2000, Milanezi de Almeida et al. 2013),
classified according to radiographic measurement of diameter ratio (Wu et al. 2000,
Jou et al. 2004). Root canals are normally considered oval when the cross-sectional
long-short diameter ratio is 22 (Wu et al. 2000, Milanezi de Almeida et al. 2013) or
when the buccolingual diameter is 2.5 or more times larger than the mesiodistal
diameter (Versiani et al. 2013). The straightening in the mesiodistal direction in this
anatomy makes irregularities more prevalent in the middle thirds, contributing to
unprepared surfaces and accumulating microorganisms and debris in the canal
system (Metzger et al. 2010, Moura-Netto et al. 2013). The use of an instrument with
smaller diameter may improve disinfection in areas with difficult access. In the
presente study, the use of Mtwo size 20, .06 taper before Mtwo size 40, .06 taper
was associated with less debris accumulation in the middle third, without increasing
preparation time. Probably, the smallest diameter of the instrument allowed the
cleaning of irregularities and areas difficult to access.

The majority of debris is detected in uninstrumented regions of the teeth
including fins or recesses in the canal wall (Robinson et al. 2013), and it is
concentrated in the middle third (De-Deus et al. 2014). M size 20, .06 taper/size 40,
.06 taper had the lowest percentage of uninstrumented areas [10.27 (2.02-37.82) %]
compared with the R40 [17.81 (3.93-36.75) %] and M size 40, .06 taper [16.99
(1.15-34.83) %]. It can explain the presence of less debris in the middle third of oval
canals when prepared using M size 20, .06 taper/size 40, .06 taper. The preparation
using this technique promotes more effective cleaning of the canals in the middle
region.

The use of more than one instrument has been considered previously
(Busquim et al. 2015, Marceliano-Alves et al. 2015, Amoroso-Silva et al. 2016). Oval-
shaped root canals prepared by the conventional ProTaper full sequence was
associated with a significant improvement in debridement than the single-file F2
ProTaper technique (De-Deus et al. 2010b). The use of a sequence of instruments or
the association of more than one instrument may be preferred, specially related to
debris accumulation and regions difficult to access and clean (Robinson et al. 2013,

Busquim et al. 2015, Amoroso-Silva et al. 2016).

CONCLUSIONS
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Reciprocating motion in the counterclockwise direction for R40 and in the
clockwise direction for Mtwo instruments resulted in similar root canal preparations.
Less debris in the middle third of oval root canals was obtained when two instruments

with different diameters were used.
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3.3 Publicacéo 3*

Shaping ability of rotary or reciprocating systems for oval root canal

preparation: a micro-computed tomography study

ABSTRACT

Objectives To evaluate the shaping ability and cleaning after oval root canal
preparation using one or more instruments in reciprocating or rotary motion.

Materials and methods Oval-shaped mandibular incisors were selected, based on the
radiographic diameter (2 < Diameter Ratio < 4), and assigned according root canal
preparation (n=18): single-file (Reciproc R40); two reciprocating files (Unicone size
20 and 40, .06 taper) or Mtwo rotary files until size 40, .06 taper file. Scanning was
performed before and after preparation using SkyScan 1176 with a voxel size of
17.42um. Volume, percentage of debris and percentage of uninstrumented surface
were analyzed in the entire root canal and in each root canal third. Data were
compared using ANOVA and Tukey or Kruskal-Wallis and Dunn tests (a = 5%).
Results: The initial volume were similar among the groups (p>.05). Unicone
preparation was associated with higher debris, increase in root canal volume and
uninstrumented surface in entire root canal and in the middle third (p<.05). Mtwo was
associated with lower uninstrumented surface in the entire root canal and in the
cervical third. The apical third were similar for the 3 preparations.

Conclusions: Unicone system using two instruments in reciprocating motion resulted
in higher increase in volume. However, less remaining debris was observed when
Reciproc single-file and Mtwo rotary systems were used.

Clinical relevance: A preparation that volumetrically increases the root canal is not
necessarily associated with better cleaning. Shaping and hard tissue debris removal
depends on root canal anatomy, kinematics, number of instruments and instrument

design.

*Artigo em revisdo e descrito segundo as normas do periddico Clinical Oral Investigation
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INTRODUCTION

Root canal preparation may be influenced by the design [1], kinematics [2-4],
diameter and taper [5], and the number of instruments used [6, 7]. Reciprocating
motion allows preparation with a lower number of instruments [8]. However, the
importance of using more than one instrument to promote better root canal cleaning
with less debris and decrease in the area of uninstrumented canal wall, including
different diameters, has been demonstrated [6, 7, 9].

Oval-shaped and flattened root canals may make it difficult to root canal
prepration, especially because they present areas that are difficult to access, favoring
the accumulation of debris and microorganisms [10, 11]. The oval-shaped anatomy
has been studied [3, 4, 12, 13] and self-adjusting instruments [14] or different
additional disinfection procedures [15, 16] have been proposed for cleaning these
kind of canals. Nevertheless, some regions of the canal may remain unprepared [17-
19].

The Unicone System (Medin, Nove Mesto Morave, Czech Republic) is
composed of 3 instruments for reciprocating motion, with diameters #20, #25 and #40
and taper 6%. When used as a single-file (size 25, .06 taper), this system was
associated with a more conservative preparation, and lower foramen transportation
when compared with the Reciproc (R25) and ProTaper (sequence until F2) systems
[20]. However, it had less cyclic fatigue resistance when compared with the Reciproc
R25 and WaveOne Primary instruments [21]. No studies have been found to analyze
the preparation characteristics using this system.

Reciproc is a single-file instrument made of a special NiTi alloy (M-Wire), used
with reciprocating counterclockwise motion and available in 3 different sizes (R25,
R40 and R50) to be used in different canal diameter. This instrument produces a
similar preparation with regard to the amount of touched dentin walls to Self-
Adjusting File, WaveOne and Protaper systems when used in oval-shaped root
canals [3], and greater increase in the root canal volume when compared with the
BioRace rotary system until size 40, .04 taper file in long-oval root canals [22]. MTwo
(VDW, Munich, Germany) is a system of NiTi files with S-shaped cross-sectional
design, manufactured to operate in a rotary clockwise motion. In comparison to

Reciproc, it demonstrated similar apical preparation in mandibular molars [23].
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The aim of this study was to evaluate by means of micro-computed
tomography (micro-CT) the shaping ability and cleaning effectiveness of different root

canal preparation systems (Reciproc, Unicone and MTwo) in oval root canals.

MATERIAL AND METHODS
Selection of teeth and preparation

Extracted mandibular incisors (CEP #31725014.7.0000.5416) were selected
by using digital radiography (Kodak RVG 6100). Mesiodistal and buccolingual length
measurements were used to define the diameter ratio (DR) at 9 mm from anatomic
apex of each specimen. Only single rooted teeth, with long oval canals (2< DR <4),
completely formed apices and a root length of 20£2 mm were initially selected. Sixty-
six teeth were selected and stored in a glass bottle containing 0.1% thymol solution
at 5°C.

The selected specimens were scanned using a high-definition micro-CT
scanner SkyScan 1176 (SkyScan 1176, Bruker-microCT, Kontich, Belgium) at 70 kV,
353uA, 360° rotations, a 0.5-mm-thick aluminium filter and 0.5° rotation step,
resulting in an image with 17.42 pm voxel size. An initial reconstruction using
NRecon software (NRecon v.1.6.3, Bruker-microCT) and analysis using CTAnN
software (CTAn v.1.14.4, Bruker-microCT) with regard morphological parameters of
the root canals (length, volume and surface area) ensured another selection of
specimens and fifty-four root canals (n=54) were randomly assigned to one of the
three different instrumentation groups.

After washing in water for 48 h, a conventional access to the root canals was
created using high-speed diamond burs (n2, KG Sorensen, Sdo Paulo, Brazil) and
the patency of the root canals was confirmed when a #10 K-file (Dentsply Sirona,
Ballaigues, Switzerland) was visible at the apical foramen. The working length was
then set at 1.0 mm shorter and a single operator with clinical experience prepared all
samples.

Root canal preparation with Reciproc 40 (n=18): R40 (size 40, .06 taper) instruments
were acted in reciprocating motion (VDW.SILVER, VDW GmbH), according to
manufacturer’s instructions. The instrument was gradually inserted into root canal in
a slow in-and-out motion in the three levels (cervical, middle and apical), with a

brushing motion against the walls. After prepare of each third, the instrument was
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cleaned in a gauze and the canal was irrigated. A new R40 instrument was used for
each root canal preparation.

Root canal preparation with UniCone 20.06 and 40.06 (n=18): a Unicone 20 (size 20,
.06 taper) instrument was used before the Unicone 40 (size 40, .06 taper) instrument
in reciprocating motion (VDW.SILVER, VDW GmbH). The recommended in-and-out
motion was the same as described above for the R40 instrument.

Preparation with Mtwo files (n=18): Mtwo files were used in sequence and in rotary
motion and 300 rpm (VDW.SILVER, VDW GmbH). For cervical, middle and apical
preparation, size 25, .07 taper, size 25, .06 taper and size 20, .06 taper instruments,
respectively, were used. After this, a sequence of Mtwo files from size 25, .06 taper
instrument up to size 40, .06 taper instrument were used. After the use of each
instrument, it was cleaned in a gauze and the canal was irrigated.

Root canal irrigation during prepare was performed with a total of 6 mL 2.5%
NaOCI (2 mL for each third to Reciproc, 1 mL for each third after both instruments to
Unicone and 1 mL for each instrument change to Mtwo rotary system). A 30-G
NaviTip needle (NaviTip, Ultradent Products, South Jordan, UT, USA) placed to 1
mm short of working length in a 5-mL syringe (Ultradent Products, South Jordan, UT,
USA) was used with a flow rate of 2 mL /min and simultaneous suction by using a
0.014-in tip (Capillary tips, Ultradent, USA). The continuous flow of the irrigant was
associated with an in-and-out movement. A final irrigation with 5 mL 2,5% NaOCI
followed by 2 mL 17% EDTA was performed in each sample. Root canals were
aspirated with a capillary tip and dried with absorbent paper points (Dentsply Sirona),
and the specimens submitted to postoperative scanning and reconstruction, applying
the aforementioned parameters.

Micro-CT analysis

After reconstruction of the scans before and after root canal preparation by
using NRecon software, the datasets were geometrically aligned by using the 3D
registration function of the Data Viewer software (Data Viewer v.1.5.1, Bruker
microCT). Images were quantitatively analyzed using CTan software (CTAn v.1.14 .4,
Bruker microCT) and defined parameters of increase in volume, percentage of debris
and percentage of uninstrumented surface were obtained as previously described [7,
24-26). The analysis was performed in the total extension of the samples (from the
coronal limit that enamel became invisible to the apex of the root) and in thirds

(cervical, middle and apical).
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Statistical evaluation

Data were compared using one-way ANOVA and Tukey to initial volume; to
increase in volume (%) in the cervical, middle and apical thirds; to debris (%) in the
total and apical third; and to uninstrumented surface (%) in the total and middle and
apical thirds (a = 5%). Kruskal-Wallis and Dunn tests were used to increase in
volume (%) in the total; to debris (%) in the cervical and middle thirds; and to

uninstrumented surface (%) in the cervical third (a = 5%).

RESULTS

The results obtained showed that there was no difference among the systems
evaluated with regard the initial volume, confirming the degree of homogeneity
(baseline) of the groups (P>.05). Unicone group was associated with the highest
increase in volume values (P<.05), with no difference among groups in the cervical
and apical thirds (P>.05), as shown in Table 1. For this system, a higher percentage
of debris was also observed in the entire root canal and in the middle third (P<.05).
With regard to the percentage of uninstrumented surface, there was no significant
difference among the systems in the middle and apical thirds (P>.05). However, a
higher percentage of uninstrumented surface in the entire root canal and in the
cervical third was observed for Unicone Group when compared with Reciproc group
(P<.05) (Table 1). Figure 1 shows representative 3D reconstructions of mandibular

incisors before and after canal preparation with the tested systems.

Table 1 — Means and standard deviations (x)* or median percentage (maximum and

minimum values)** of the parameters analyzed in the different experimental groups
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Experimental groups

R40 UniCone 20/40.06 MTwo files
3.23+0.892 3.48+0.962 3.91+1.032
Total* 2.15+0.632 2.32+0.872 2.49+0.732
Initial volume Cervical*
Médio® 0.81+0.252 0.98+0.32 0.99+0.322
Apical* 0.26%0.082 0.27+0.112 0.31+0.12
Increase in  Total** 84.32 (41.7-186.9)° 111.9(83.53-203.2)2  82.08(58.17-117.1)°
volume (%) Cervical* 74.22+28.922 81.82+27.542 78.81+25.472
Médio* 121.9+62.992 83.49+27.98P 108.0+34.992p
Apical* 147.9+95.232 203.4+£101.52 147.4+66.12
Debris (%) Total* 2.33+1.95° 4.45+2.052 2.87+1.69°
Cervical**  0.18(0.005-2.26)° 0.8(0.01-2.32)2 1.22(0.09-3.17)?
Médio** 1.36(0.05-4.08)° 4.38(2.92-9.5)2 0.82(0.13-4.8)P
Apical* 1.04+0.972 1.05+0.692 0.95+0.722
Uninstrumented Total* 17.3+10.41° 30.0+7.642 23.15+12.172b
surface (%) Cervical*  3.3(0.16-19.08)° 8.25(2.88-16.65)? 6.64(0.46-23.43)P
Médio* 6.59+4.822 10.04+3.452 8.43+5.692
Apical* 6.3+5.222 6.28+2.062 6.21+2.522

* Different superscript letters in the same line indicate statistical significant difference between groups
(ANOVA and Tukey* or Kruskal-Wallis and Dunn** tests, P < 0.05).
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Figure 1 — Tridimensional micro-CT scan reconstructions of the external and internal anatomy of oval
canals of mandibular incisors, in the Reciproc, Unicone and Mtwo groups. (A) The root canal before
(green) and (B) after (red) preparation. (C) Superimposition of preoperative root canal (A) and post-
instrumentation (B). (D) Superimposition of accumulated hard-tissue debris plus instrumented areas
(black areas) on the postoperative anatomy (green). (E) Total accumulated hard-tissue debris plus
instrumented areas (black areas). (F) Axial view of superimposed root canals before (green) and after

(red) preparation at coronal (c), middle (m), and apical (a) thirds.

DISCUSSION

The volumetric increase of the root canal, percentage of debris and
uninstrumented surface have been evaluated by means of computed
microtomography. Oval canal preparation represents a clinical challenge [18, 19] and
the use of different instruments [14] or even auxiliary means of cleaning [15,16] did
not promote complete preparation and cleaning of oval canals, corroborating the
findings of the present study. The teeth were first selected by means of radiographic
analysis, as other studies [3, 19, 27]. Selected teeth were then analyzed using micro-

CT with regard morphological parameters of the root canals and could be randomly
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assigned to one of the experimental groups. The similar initial volume to all groups
proved the corrected distribution (Table 1).

In the present study, the higher increase in the root canal volume throughout
the extension of the canal and in the middle third was observed for the Unicone
reciprocating system, using two instruments. However, in spite of the increase in
volumetric values, a higher percentage of untouched areas were also observed for
this system. In previous studies, WaveOne, for example, promoted a higher increase
in the volume value of the canal, with a similar percentage of uninstrumented
surfaces of oval canals to Easy ProDesign Logic and OneShape systems [28]. It was
also observed that although the SAF system touched the canal walls to a larger
extent, it removed less dentin in the preparation of oval root canals [19].
Corroborating with our results, these data demonstrated that root canal preparation
was influenced by diverse factors, such as instrument design, kinematics and number
of instruments. An increase in canal volume indicates that the instrument provided
greater wear on the dentin walls, but does not mean that this wear accompanied the
anatomy. What probably occurred in this study is that in the Unicone group there was
more prepare in the mesiodistal direction and in the middle and cervical thirds.
Therefore, areas of flattening of the canal in the buccal-lingual direction were not
touched by the instrument and still housed debris. The accumulation of debris may
also have been favored by the desing of the instrument.

In spite of standardizing the size (instruments with tip #40) and taper (taper
.06), the taper may be influenced the preparation. The Unicone instruments present a
constant taper throughout the entire active part, while Reciproc presents taper .06 in
the apical 3 mm and a reduction to 0.04 mm up to the end of the active part. This
reduction may have favored the grater action in the middle of the oval canal, which
narrows significantly [10,11], thereby promoting a larger area of instrumented
surface, and a reduction in the percentage of debris. It means that the reduction of
taper to Reciproc probably improve its capacity of prepare because it could reach
regions of more difficult access. In the apical region, where the tip and taper were
similar among the systems, no difference in the uninstrumented surface value or
accumulation of debris was observed.

The size of the apical enlargement of root canal preparation can be associated
to a significant effect on apical crack initiation [29]. However, with the purpose of

performing a correct cleaning and disinfection of the root canals, studies have shown
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that the use of larger instruments is significantly more effective in eliminating bacteria
[30-32]. The enlargement of the canal to 3 sizes larger than the first apical binding file
is considered adequate [33]. With respect to mandibular incisors, besides presenting
greater straightening in the mesiodistal direction with irregularities more prevalent in
the middle thirds, contributing to unprepared surfaces and accumulating
microorganisms and debris in the canal system [10,11], this anatomy presents the
prevalence of oval canals at the apical third [12,34,35], which presents difficulty to
achieve efficient cleaning [17-19]. With basis on these concepts, regarding the
anatomy and the systems used in our study with their availability of instruments, we
standardized the preparation up to file #40, .06 taper. The use of a file #25, for
example, could lead to doubts about a cleaning preparation that falls short of what is
expected when disinfecting and removing debris are evaluated.

The highest percentage of uninstrumented surface in the preparation with
Unicone, and the highest percentage of debris may also be related to its metalic
nucleus. Reciproc and Mtwo instruments have a cylindrical nucleus, which gives
them greater flexibility and escape area [36]. The Unicone instrument has a conical
nucleus, which makes the instrument more rigid and less resistant, difficulting its
performance in all the walls of the root canal. These characteristics corroborate
previous studies, which have demonstrated low flexibility and a short lifetime during
cyclic fatigue test [21, 37]. Furthermore, the Unicone instruments presented smaller
escape areas [38] and interlaminar distance [39] than the Reciproc instruments.
Areas that remained untouched during preparation may be colonized by biofilm,
capable of compromising the endodontic treatment [16, 41].

In relation to cleaning (considered by the percentage of debris), the
preparation of oval canals were shown to be cleaner (lower percentage of debris)
with the reciprocating R40, and rotary system with the Mtwo sequence of
instruments. A lower percentage of debris in the middle third of oval canals prepared
with MTwo or R40 instruments was observed when compared with the preparation
performed with a single Mtwo 40.06 instrument [7]. Favorable results were also
obtained with the use of the Mtwo sequence of instruments, in the analysis of
preparation in mandibular molars with two separate mesial canals and severe
curvature [40]. The production of debris during preparation usually involves their
accumulation in specific regions, such as isthmus, irregularities and ramifications

[26]. Oval canals present mostly straightening in the middle region of the root canal
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[11], making this region critical to cleaning and prepare. The smaller volumetric
increase of this region observed for the Unicone system may be related to a reduced

capacity of hard tissue debris removal, maintaining its accumulation in this third.

CONCLUSION

The Unicone system using two instruments in reciprocating motion resulted in
higher increase in volume values. However, less remaining debris was present when
Reciproc single-file and Mtwo rotary system were used. A preparation that
volumetrically increases the root canal is not necessarily associated with better
cleaning. Shaping and cleaning depend on root canal anatomy, kinematics, number

of instruments and instrument design.
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3.4 Publicacao 4*

Effect of different root canal preparation in different filling techniques of oval canal
obturation. A microcomputed tomography study

ABSTRACT

Aim: Root canal preparation influences the root canal filling. The aim of this study
was to evaluate the influence of reciprocating motion in counter-clockwise and
clockwise direction or rotary instrumentation on root canal filling.

Methodology: Oval-shaped mandibular incisors were prepared (n=20) using Reciproc
40 (R40); MTwo size 40, .06 taper (M 40.06) in clockwise reciprocating motion; or
MTwo rotary files. After preparation, the teeth were filled with single-cone (n=10) or
lateral condensation (n=10) techniques, with gutta-percha and AH Plus sealer. Root
canals before and after preparation, and after filling were assessed by micro-
computed tomography (SkyScan 1176). Percentage of volume, debris,
uninstrumented surface and voids in root canal filling were analyzed in the entire root
canal and in each third of the canal. Data were compared using ANOVA and Tukey
or Kruskal-Wallis and Dunn tests (a = 5%).

Results: The increase in volume was similar among the groups (p>.05). MTwo Rotary
files was associated with higher debris and uninstrumented surface in the cervical
third (p<.05). A higher percentage of failure was observed for the single-cone
technique in the entire root canal and in cervical and apical thirds after MTwo Rotary
preparation (p<.05). R40 and MTwo size 40, .06 taper were associated with less
remaining debris and similar root canal filling was observed for these techniques
(p>.05).

Conclusions: The root canal preparation can influence the quality of root canal filling.
Higher percentage of debris after preparation with MTwo rotary files resulted in a
higher percentage of failures for the single-cone filling technique.

* Artigo submetido e descrito segundo as normas do periédico International Endodontics Journal
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INTRODUCTION

Tridimensional filling after root canal preparation is essential for the prognosis
of endodontic treatment (Whitworth 2005). The effect of different types of
preparations on the quality of filling has demonstrated similar sealing in canals
prepared with MTwo or Protaper, and filled with a single, lateral condensation, or
heated vertical compaction techniques (Tasdemir et al. 2009). Moreover, similar
leakage have been observed after preparation with rotary instruments in root canals
filled with sealer and gutta percha (Genc¢ et al. 2011). The influence of root canal
preparation on filling quality may also be associated with the variability in conicity
between the preparation and gutta percha used, producing differences in the
percentages of gutta percha, areas filled with sealer, and failures (Schafer et al.
2013).

Oval root canals present difficult to root canal preparation due to the
irregularities more prevalent in the middle third (Moura-Netto et al. 2015), which
compromises the proper cleaning (De Deus et al. 2006). Even after root canal
preparation, uninstrumented areas may be observed in many oval canals, and these
regions will not be completely filled (Wu & Wessilink 2001). In the analysis of filling
after flattened canals preparation with the K3 system, failures were observed, even
with the use of the thermomechanical compaction, wave condensation and Thermafil
techniques (De Deus et al. 2008).

Single-cone or lateral compaction filling techniques are widely used (Schéafer
et al. 2013, De Deus et al. 2006, Wu & Wessilink 2001, De Deus et al. 2008). Similar
quantity of gutta percha (Gordon et al. 2005), sealing ability (Yilmaz et al. 2009) and
filling quality (Hosted-Bindslev et al. 2011, Wu et al. 2009) have been observed when
these techniques were compared. On the other hand, less filing have also been
observed by the single-cone technique relative to the percentage of area filled by
gutta-percha (Schéfer et al. 2012), coronal sealing ability (Al-Hadlaq et al. 2010) and
a larger quantity of sealer and failure (Marciano et al. 2011). Micro computed
tomography (micro-CT) has been widely used for analyzing the quality of filling (Jung
et al. 2005, Somma et al. 2011, Celikten et al. 2015, Ho et al. 2016, Araujo et al.
2016, Kucgiukkaya et al. 2015), allowing tridimensional volumetric results to be found.

Therefore, the aim of this study was to assess, through micro computed

tomography, the influence of different preparations on the quality of oval canal
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fillings. The null hypothesis tested was that the use of different preparations would
have no influence on the filling by the single-cone or lateral compaction techniques.

MATERIALS AND METHODS
Selection of teeth

The Dental School Committee approved this project
(#31725014.7.0000.5416). Sixty-six mandibular incisors were analyzed by measuring
the mesiodistal and buccolingual length using digital radiography (Kodak RVG 6100).
Teeth with a long to short canal ratio between 2 and 4 (2< RD <4), single root and
completely formed apices were selected. The radiographically selected specimens
were then scanned using a high-definition micro-CT scanner SkyScan 1176
(SkyScan 1176, Bruker-microCT, Kontich, Belgium) at 70 kV, 353uA, 360° rotations,
a 0.5-mm-thick aluminum filter and 0.5° rotation step, resulting in an image with
17.42 pym voxel size. With regard to the morphological parameters of the root canals
(length, volume and surface area), sixty root canals (n=60) were randomly assigned
to one of the three different instrumentation groups.

Root canal preparation

The conventional access to the root canals was performed using high-speed
diamond burs (n.2, KG Sorensen, Sao Paulo, SP, Brazil) and the patency of the root
canals was confirmed when a #10 K-file (Dentsply Sirona, Ballaigues, Switzerland)
was visible at the apical foramen. The working length (WL) was then set at 1.0 mm
shorter and a glide path was established by using a size 10 K-file (Dentsply Sirona,
Ballaigues, Switzerland). A single operator with clinical experience prepared all
samples.

Root canal preparation with Reciproc 40 (n=20): R40 (size 40, .06 taper)
instruments were acted in reciprocating motion (VDW.SILVER, VDW GmbH),
according to manufacturer’s instructions. The instrument was gradually inserted into
root canal in a slow in-and-out motion in the three levels (cervical, middle and apical),
with a standardized brushing motion against the walls. A new R40 instrument was
used for each root canal preparation.

Preparation with MTwo size 40, .06 taper (n=20): MTwo 40 (size 40, .06 taper)
instruments were used in an alternating rotation (150° in clockwise [CW] 150° and
counter-clockwise [CCW] 30°) driven with ENDO DUAL electric motor (Satelec, By

Dental srl, Pistoia, Italy). The recommended in-and-out motion was the same as
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described for the R40. A new M size 40, .06 taper instrument was used for each root
canal preparation.

Preparation with MTwo files (n=20): MTwo files were used in sequence and in
rotary motion (VDW.SILVER, VDW GmbH). For cervical, middle and apical
preparation, size 25, .07 taper, size 25, .06 taper and size 20, .06 taper instruments,
respectively, were used. After this, a sequence of MTwo files from size 25, .06 taper
instrument up to size 40, .06 taper instrument were used.

Root canal irrigation was performed with a total of 6 mL 2.5% NaOCI (2 mL for
each third in single techniques and 1 mL for each instrument change to Mtwo rotary
system) and a final irrigation with 2 mL 17% EDTA and 2 mL of saline. Root canals
were dried with absorbent paper points (Dentsply Sirona).

Root canal filling

All prepared teeth were redistributed (n=10 each group) and filled with gutta-
percha and AH Plus sealer using two techniques:

Single-cone technique: a gutta-percha point (Mtwo, VDW GmbH, Munich,
Germany) corresponding to the final instrument was chosen. AH Plus sealer
(Dentsply, GmbH, Konstanz, Germany) manipuleted according to fabricant
instructions was taken to the canal using Lentulo #40 (Dentsply, GmbH, Konstanz,
Germany) and the gutta-percha cone was coated with sealer before insertion into the
canal. The excess of gutta-percha and sealer was removed with a hot instrument.

Lateral condensation technique: gutta-percha cones 0.02/40 in size (Mtwo,
VDW GmbH, Munich, Germany) were fitted into the full WL. AH Plus sealer
(Dentsply, GmbH, Konstanz, Germany) was taken to the canal using Lentulo #40
(Dentsply, GmbH, Konstanz, Germany). The cones were coated with the sealer and
placed in the root canal. Finger spreaders size B (Dentsply Maillefer, Ballaigues,
Germany) were adjusted to the level of 1-2 mm from the cone tips and accessory
cones size XF (Tanari, Sdo Paulo, Brazil) were inserted into the space formed, until
the entire root canal was filled. The excess of gutta-percha and sealer was removed
with a hot instrument.

The filled teeth were stored at 37°C under 100% humidity for 7 days.
Assessment of canal preparation and filling

After reconstruction of the scans before and after root canal preparation by
using NRecon software, the datasets were geometrically aligned by using the 3D

registration function of the Data Viewer software (Data Viewer v.1.5.1, Bruker
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microCT). Images were quantitatively analyzed using CTan software (CTAnN v.1.14.4,
Bruker microCT) and defined parameters of increase in volume, percentage of debris
and percentage of uninstrumented surface were established as previously described
(Freire et al. 2015, Espir et al. 2017).

Using the segmentation of the filling material (gutta-percha and sealer), voids
were calculated by subtracting the post-preparation canal volume value from the
volume of filling material value. The percentage of filling material and voids were
calculated using filling material volume x 100 / post-preparation canal volume and the
percentage of voids using 100 - % filling material (Freire et al. 2015).

The analysis was performed in the total extension of the samples (from the
coronal limit that enamel became invisible to the apex of the root) and in thirds
(cervical, middle and apical).

Statistical evaluation

Data obtained for preparations were submitted to one-way ANOVA and Tukey
tests (a=0.05) or Kruskal-Wallis complemented by Dunn’s test for multiple
comparisons (a=0.05). The analyses of failure in filling were submitted to the paired
T-test (0=0.05).

RESULTS

There was no difference among the systems evaluated with regard the
increase in volume (P>.05) in all segments of the root canal. In the entire root canal
and apical and middle thirds, there was no difference in debris and uninstrumented
surface (P>.05). However, the cervical third was associated with a higher percentage
of debris and uninstrumented surface for the preparation using MTwo files in rotary
motion (P<.05), Data are presented in Table 1. The 3D reconstructions of the groups
are shown in Figure 1.

Furthermore, significant difference between the filling technigues was
observed only for the group that was prepared with MTwo files in rotary motion, with
higher percentage of failure for the single-cone technique in the entire root canal and
in the apical and cervical thirds (P<.05), as shown in Table 2. The 3D reconstructions

of the groups are shown in Figure 1.

Table 1 — Mean and Standard Deviation (£)* or median percentage (maximum and

minimum values)** of the initial volume, percentage increase in volume, percentage
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of debris and percentage of uninstrumented surface of the specimens in the different

experimental groups

Experimental Groups

R40 MTwo 40.06 MTwo Sequence
Increase in Total** 79.78 (28.6-186.9)2 103.0(21.82-281.6)2  95.59(39.37-202.2)2
Volume (%) Cervical* 66.04+31.032 101.4+76.852 79.35+28.152
Middle* 107.0+63.982 121.0+89.632 110.3+41.432
Apical** 127.59(6.71-345.4)2  114.9 (15.97-345.4)2  146.7(31.58-280.9)2
Debris (%) Total** 2.23 (0.36-5.85)2 3.67 (0.08-22.59)3 2.9 (0.41-7.41)
Cervical**  0.4(0.005-2.26)° 0.69 (0.008-4.23)° 1.18(0.09-3.17)2
Middle* 1.35(0.05-4.08)2 1.88 (0.001-12.71)2 1.17 (0.13-4.8)2
Apical** 1.02 (0.0003-3.2)2 1.07 (0.005-5.61)2 0.96 (0.003-2.66)2
Uninstrumented Total* 17.34£9.612 17.6+9.472 23.45+11.682
Surface (%) Cervical** 3.06 (0.16;-19.08)° 4.81 (0.03;-13.35)° *6.72 (-23.43)2
Middle* 6.58+4.352 7.71+5.522 8.61+5.322
Apical** 6.63+4.992 5.14+3.92 6.27+2.462

Different superscript letters on the same line indicated statistical difference among the groups (ANOVA
and Tukey* or Kruskal-Wallis and Dunn** tests, P < 0.05).

Table 2 — Volumetric data of filling quality - percentage of failures with different filling

techniques
Experimental Groups
R40 MTwo 40.06 MTwo Sequence
LC SC LC SC LC SC
Failures Total 8.65+2.55% 9.56%4.41% 5.2742.922  6.94+4.112 | 7.98+3.68 P 14.52i6.29al
in Cervical | 3.18+2.5328 4.05t4.512 5.28+3.752 8.08+#5.81% | 6.9+5.02° 13.2+7.212
Filling Middle | 9.18+4.782 9.59+7.592 | 7.63%4.26%  9.4+5.082 | 11.46+4.442 15.06+6.112
(%) Apical 9.61+3.892 10.22+10.82 2 | 10.56+£5.96% 16.92+17.42 | 4.7+2.25° 14.7+7.342

Different superscript letters on the same line for each preparation indicated statistical difference among the filling techniques |
(non-paired T-test, P<0.05). LC = lateral condensation; SC = single-cone.
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Figure 1 — Three-dimensional micro-CT scans reconstruction of the external and internal anatomy of
mandibular oval incisors prepared with R40, M40.06 and M20/40.06. Superimposition of preoperative
root canal (green) and post-instrumentation (red) (1). Total accumulated hard-tissue debris plus
instrumented areas (black areas) (2). An axial view of superimposition of post-instrumentation (red)
and debris (black) to the cervical third (3). Representative reconstruction of filling with single-cone (4)

and lateral condensation (5).

DISCUSSION

The root canal shaping and cleaning may influence the quality of the root
canal filling. Root canal preparation of the ProTaper or MTwo rotary systems
produced similar sealing in filling by the single-cone, lateral compaction or heated
vertical compaction techniques (Tasdemir et al. 2009). In the analysis of apical
preparation using rotary or manual instrumentation, leakage after filling was observed
in all the groups (Geng et al. 2011).

According to the results of the present study, higher root canal cleaning values
occurred for the preparations performed with R40 and MTwo 40.06 in reciprocant
motion instruments, with a lower percentage of debris. Filling by means of the single-
cone or lateral compaction techniques after the use of these preparation techniques

showed similar quality, without difference between them. The higher percentage of
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debris and uninstrumented surface in the cervical third observed for the preparation
with the MTwo sequence, could have interfered in the filling of the root canals,
because difference was observed between the filling techniques, with a higher
percentage of failures for the single-cone technique in the entire extension, cervical
and apical thirds. Analysis of the preparation and filling of oval canals
demonstrated uninstrumented areas in 65% of the canals, and in the majority of
cases, these areas showed filling with visible failures, or were unfilled (Wu &
Wessilink 2001). In a recent study, areas that remained untouched after
instrumentation, as revealed by microtomographic analyses, were usually observed
to be covered with debris in the form of pulp tissue remnants, bacteria and dentine
chips (Siqueira et al. 2017). This layer of organic and inorganic material produced by
instrumentation harms the adaptation of the filling material to the canal walls (Violich
& Chandler 2010).

The apical third of the root canal represents the critical region of endodontic
treatment, with greater difficulty to disinfect the root canal (Schilder 1967). In the
present study, the highest percentage of failures for the single-cone with significant
difference to lateral condensation in this third was observed after preparation by
means of the MTwo sequence. The cervical region of this preparation remained with
the highest percentage of untouched areas, and these were probably covered with
debris (Siqueira et al. 2017), which may have influenced the adaptation of the
cement to the canal walls (Violich & Chandler 2010), and increased the percentage
of failures in this region.

In the present study, the use of rotary kinematics and MTwo system resulted in
reduced cleaning, with a higher percentage of debris and uninstrumented surface in
the cervical third. The use of the ProTaper rotary system in the preparation of
mandibular molars also presented accumulation of debris after analysis by Micro-CT
(Paqué et al. 2009). However, the reciprocating technique (WaveOne) promoted
higher values of debris accumulation than the rotary (ProTaper) system after the
preparation of mandibular molars (Robinson et al. 2013). Evaluation by computed
microtomography demonstrated the presence of debris after various preparation
techniques (Paqué et al. 2009, Robinson et al. 2013), or means of irrigation (Paqué
etal. 2012).

The filling quality may also be influenced by the anatomy of canals. In a study

comparing the percentage of gutta-percha area in oval mandibular incisors, a limited
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filling ability was observed when using three different filling techniques (De Deus et
al. 2008), without difference among the techniques. These results corroborate the
findings of the present study for the groups R40 and MTwo 40.06, in which the lateral
compaction and single-cone techniques were similar. In a comparative study of the
percentage of gutta-percha, cement and failures, and the influence of isthmus in the
mesial root of mandibular molars filled by means of different techniques, no
differences were also observed between the single-cone and lateral compaction
techniques at the level of 2 mm (Marciano et al. 2011). On the other hand, the
difficulty with cleaning and filling associated with the oval canal anatomy must be
considered (De Deus et al. 2006, Wu & Wessilink 2001, De Deus et al. 2007), and

may justify the failures observed in all the techniques used.

CONCLUSIONS

In conclusion, preparation of oval canals with the reciprocating techniques R40
and MTwo 40.06 produced higher percentages of cleaning in the cervical third,
resulting in similar filling conditions for the single-cone and lateral compaction
techniques. MTwo rotary systems resulted in higher percentages of debris and
uninstrumented surface at cervical third, resunting in failures for single-cone fillings
compared to lateral condensation. The cleaning capacity produced by the system

used influenced the filling ability by means of single-cone technique.
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3.5 Publicacao 5*

Analise em Micro-CT da qualidade de obturacéo pela técnica de cone Unico

de canais radiculares ovais com Neo MTA Plus

RESUMO

O objetivo deste estudo foi avaliar a qualidade de preenchimento de canais
radiculares ovais obturados com cimento NeoMTA Plus. Canais radiculares de vinte
incisivos inferiores classificados radiograficamente como ovais foram preparados
com sistema reciprocante Unicone tamanho 20, conicidade .06 e 40, conicidade .06.
Os canais radiculares foram obturados pela técnica de cone uUnico com Neo MTA
Plus (n=10) ou AH Plus (n=10). Escaneamentos apds preparo e ap6s obturacéo
foram realizados utilizando o microtomografo SkyScan 1176 with 17.42pm voxel
size. Os softwares CTan e CTVol foram usados para avaliacdo da quantidade de
material obturador e de falhas na obturacdo por meio de analises volumétricas. Os
dados foram submetidos ao teste T ndo pareado, com 5% de significancia. Nao
foram observadas diferencas significantes ap6s analise do percentual de falhas nos
tercos cervical (9.15 e 10.19), médio (8.69 e 9.27) e apical (9.61 e 12.31), para
obturacdo com cimentos AH Plus ou Neo MTA Plus, respectivamente (P>.05).
Conclui-se que o cimento de silicato de célcio Neo MTA Plus apresenta capacidade
de preenchimento de canais ovais pela técnica de cone Unico sendo similar ao AH
Plus.

Palavras-chave: endodontia, preparo, obturacdo do canal radicular, microtomografia

por raio-X.

* Artigo segundo as normas do periddico Brazilian Dental Journal
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INTRODUGCAO

MTA Plus (Avalon Biomed Inc., Bradenton, FL, USA) € um cimento a base de
silicatos de célcio composto por silicato tricélcico, silicato dicalcico, sulfato de calcio,
carbonato de célcio e 6xido de bismuto. MTA Plus apresenta capacidade de
formacao de minerais de fosfato de célcio (1), maior porosidade e solubilidade, além
de capacidade de nuclear fosfatos de calcio na superficie apés imersdo no HBSS
(2).

Neo MTA Plus (Avalon Biomed Inc., Bradenton, FL, USA) é também um
cimento a base de silicatos de calcio, desenvolvido com composi¢cdo semelhante ao
MTA Plus e radiopacificador 6xido de tantalo (Ta20s) em substituicdo ao 6xido de
bismuto (Bi2Os). Apresenta adequada radiopacidade e hidratacdo, ndo promove
descoloracao (3), promove liberacdo de ions calcio e hidroxila maior que MTA Plus
(2), além de apresentar biocompatibilidade (4). AH Plus € considerado um material
padrdo ouro, em especial por apresentar propriedades fisico-quimicas satisfatérias
como porosidade, biocompatibilidade, viabilidade celular (5,6) além de menor
percentual de falhas na obturacdo quando comparado ao cimento a base de silicato
tricélcico BioRoot (6). AH Plus apresenta maior capacidade de preenchimento na
regido apical de incisivos inferiores que outros cimentos (7). Ainda, menores
percentuais de falhas foram observados para AH Plus quando comparado a MTA
Fillapex a 4 mm do apice (8).

Canais radiculares ovais apresentam maior dificuldade para limpeza (9,10),
permitindo acumulo de debris, o que pode dificultar o posterior preenchimento pelos
materiais obturadores (11,12). Falhas no preenchimento de canais ovais foram
observadas apés obturacdo por técnicas de compactacdo lateral e termoplastica
(13).

A obturagéo pela técnica do cone unico &€ amplamente empregada. O preparo
do canal seguido de uma técnica de cone Unico apresentou adequada forma do
canal radicular, com menos erros processuais e uma qualidade de preenchimento
mais aceitavel em termos de comprimento e homogeneidade no ter¢o apical, embora
resultados menos favoraveis foram alcancados nas partes central e cervical dos
canais radiculares (14). Em se tratando de irregularidades, a técnica de cone Unico
apresentou maior percentual de area preenchida por cimento em canais ovais distais

de molares inferiores, mostrando-se inadequada (15).
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A Microtomografia computadorizada € utilizada para avaliacdo da qualidade
da obturagéo de canais radiculares por meio de mensurag¢des do volume de cimento,
percentualde areas preenchidas por cimento ou guta-percha, além da presenca de
falhas (7, 15-18). A analise por Micro-CT permite avaliacdo do preenchimento no
canal e de seus tergcos, assim como de falhas (18), percentual bidimensional de
falhas (16), além da avaliacdo da qualidade de obturacdo em regifes especificas,
como tergo apical (7).

Sendo assim, 0 objetivo deste estudo foi avaliar por micro-CT a qualidade de
obturacdo de incisivos inferiores ovais obturados pela técnica de cone Uunico

utilizando os cimentos Neo MTA Plus ou AH Plus.

MATERIAL E METODOS
Selecdo e preparo dos espécimes

Incisivos inferiores (n=20) selecionados por meio de radiografia digital (Kodak
RVG 6100) aprovados pelo Comité de Etica (CEP #31725014.7.0000.5416) foram
utilizados. Mensuracdes no sentido mesio-distal e vestibulo-lingual foram realizadas
para definir a relagédo de didmetro (RD) e selecionar canais de forma oval (2< RD
<4). Vinte dentes com raiz unica e apice completamente formado foram selecionados
e armazenados em solucéo de timol 0.1% a 5°C.

Apoés lavagem em agua por 48 horas, o acesso aos canais radiculares foi
realizado com fresa esférica (n.2, KG Sorensen, Sao Paulo, SP, Brazil) e os canais
foram explorados com lima tipo K#10 (Dentsply Sirona, Ballaigues, Switzerland). O
comprimento de trabalho (CT) foi estabelecido 1 mm aquém do forame apical. Um
anico operador com experiéncia clinica realizou o preparo dos canais radiculares.
Preparo dos canais radiculares

Foram utilizados instrumentos do sistema Unicone (Medin, Nove Mesto na
Morave, Czech Republic) tamanho 20, conicidade .06, seguido do instrumento
tamanho 40, conicidade .06 em movimento reciprocante em motor elétrico (VDW
Silver, Reciproc) modo “Reciproc all”. Cada instrumento foi gradualmente inserido no
canal em movimento de entrada e retirada, nos trés niveis (cervical, médio e apical),
com pincelamento contra as paredes quando atingido o CT. A irrigacdo do canal foi
realizada com 1 mL de NaOCI a 2,5% no preparo de cada terco, totalizando 6 mL de
solugdo. Foi utilizado agulha NaviTip 30-G (NaviTip, Ultradent Products, South

Jordan, UT, USA) a 1 mm aquém do CT em uma seringa de 5-mL (Ultradent
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Products, South Jordan, UT, USA), associado com movimento de entrada e retirada.
ApOs preparo, os canais foram irrigados com 5 mL de NaOCI a 2,5% seguido de
uma irrigacao final com 2 mL de EDTA 17%. Os canais foram aspirados com pontas
e secos com papel absorvente (Dentsply Sirona).
Obturacao dos canais radiculares

Um cone MTwo de guta-percha tamanho 40 conicidade .06 (VDW, Munique,
Alemanha) foi usado associado ao cimento AH Plus (Dentsply, Maillefer) (n=10) ou
Neo MTA Plus (NEO; Avalon Biomed Inc.) (n=10), manipulados de acordo com
instrugbes do fabricante. O cimento foi inserido no canal radicular por meio de
Lentulo #40 (Dentsply, Maillefer, Ballaigues, Suica), seguido da colocacédo do cone
envolto pelo material obturador. Apos radiografia, o excesso de guta-percha foi
removido com instrumento aquecido.
Andlise por microtomografia computadorizada

Apés montagem em dispositivo especifico, 0 escaner de alta resolucao
SkyScan 1176 (SkyScan 1176, Bruker-microCT, Kontich, Belgium) foi utilizado para
obtencdo das imagens, seguindo parametros especificos: 70 kV, 353uA, 360°
rotacBes, um filtro de aluminio de espessura 0.5-mm e um passo de rotacdo de 0.5°,
resultando em uma imagem com tamanho de voxel de 17.42-um. Escaneamentos
apos preparo e ap6s obturacdo do canal radicular foram reconstruidos utilizando o
software NRecon. Um alinhamento geométrico foi realizado através da fungao “3D
registration” no software Data Viewer (Data Viewer v.1.5.1, Bruker microCT). Apds
analises neste software, as imagens foram quantitativamente analisadas utilizando o
software CTAn (CTAnN v.1.14.4, Bruker microCT). Um histograma de densidade com
valores em média de 255-110 para Neo MTA Plus e 255-74 para AH Plus foi usado
em um método de limite global. “Task lists” foram aplicados e operacdes aritméticas
e logicas entre as seccOes sobrepostas foram realizadas. As porcentagens de
material obturador tomaram como base o volume do canal pos preparo. Dessa
forma, foi obtido o percentual de falhas na obturacao [(volume do canal - volume do
material obturador) x 100 / volume do canal] para cada material avaliado.
Analise estatistica

Teste T ndo pareado foi utilizado para analise dos dados obtidos (a<.05).

RESULTADOS
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Os dados obtidos estdo descritos na Tabela 1. N&o foram observadas
diferencas estatisticamente significantes na obturacdo pela técnica de cone Unico
utilizando cimento AH Plus ou Neo MTA Plus nos tercos avaliados com relagéo ao
percentual de falhas (P>.05). Modelos tridimensionais estédo representados (Fig 1).
Tabela 1 — Média e desvio padrdo () dos dados volumétricos da qualidade de
obturacéo - percentual de falhas na obturacdo

Grupos experimentais

AH Plus NEO MTA Plus
Cervical 9.15+4.08 10.19+3.87
Falhas na )
Médio 8.69+5.1 9.27+3.72
obturacéo (%) _
Apical 9.61+4.41 12.31+6.12

Nenhuma diferenca estatisticamente significante foi observada entre os grupos nhas
varidveis mensuradas em cada terco (P > 0.05), de acordo com o teste T ndo pareado.

A B

Figura 1 — Modelos tridimensionais representativos da obturacdo dos canais
radiculares utilizando cimento AH Plus (A) e Neo MTA Plus (B).

DISCUSSAO

No presente estudo, os cimentos AH Plus e Neo MTA Plus promoveram
qualidade de obturagdo semelhante em canais ovais obturados pela técnica de cone
anico. A proporcao de falhas encontrada foi similar para ambos materiais utilizados,
apresentando porcentagens variando de 8.69 a 12.31. ApoOs obturagcdo em molares

inferiores utilizando AH Plus e cone unico e diferentes protocolos de limpeza, esses
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valores foram proximos aos encontrados no presente estudo, com percentuais
médios entre 5,5% e 8,2% de falhas (18).

AHPIlus apresenta efetividade de preenchimento quando comparado a outros
materiais em analises por meio de estereomicroscopio e microscopia confocal a
laser (8). Além disso, em comparacdo a um material a base silicato tricalcico
(BioRoot RCS), apresentou melhores condi¢bes de abilidade seladora por meio de
microtomografia computadorizada (6). Embora ainda exista uma literatura escassa
de comparacbes do Neo MTA Plus com outros cimentos, este material demonstra
adequada radiopacidade (2,3), e suas finas particulas podem favorecer o
escoamento do cimento (19). No presente estudo, este material foi comparado ao
cimento AH Plus, sendo avaliada sua qualidade na obturacdo de canais ovais,
apresentando resultados satisfatérios para o parametro avaliado.

Incisivos inferiores apresentam elevada incidéncia de canais com morfologia
oval, em prevaléncia que pode exceder um percentual de 50% (20, 21). Esta
complexidade anatdbmica de canais ovais prejudica sua efetiva limpeza (9), podendo
comprometer a qualidade da obturacdo (11). Uma limitada capacidade de
preenchimento foi observada por meio de andlises microscopicas de seccbes em
canais ovais, mesmo com a utilizagdo de trés diferentes técnicas de obturacéo (12).
A avaliagdo dos materiais AH Plus e Neo MTA Plus em canais ovais apresentaram
percentuais semelhantes de falha. Na avaliacdo da comparacdo da presenca de
falhas em canais ovais, cimentos bioceramicos foram avaliados (EndoSequence BC
Sealer, Smartpaste bio) e ndo apresentaram diferenca quando comparados ao AH
Plus, podendo ser usados efetivamente como AH Plus em canais radiais ovais
usando técnica de cone unico (17). Dessa forma, considerando a dificuldade de
preenchimento de canais ovais (12,13), podemos considerar que NeoMTA Plus

proporciona preenchimento adequado na obturagcéo de canais radiculares ovais.
CONCLUSAO

Conclui-se que a obturacédo de canais ovais pela técnica de cone unico utilizando o
cimento a base de trissilicato de calcio Neo MTA Plus promoveu preenchimento

semelhante ao AH Plus, sem diferenga no percentual de falhas.
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3.6 Publicacao 6*

Avaliacdo microtomografica da obturacdo de canais radiculares ovais e da

alteracéo volumétrica de cimentos endodonticos

RESUMO

Objetivo: Avaliar a qualidade da obturacdo em canais ovais, além da alteracédo
volumétrica de cimentos endoddnticos.

Metodologia: Canais radiculares ovais de vinte incisivos inferiores foram preparados
com instrumentos MTwo tamanho 20, taper .06 e tamanho 40, taper .06 em
movimento reciprocante horario. Os canais foram obturados pela técnica de
condensacao lateral utilizando guta-percha e AH Plus (n=10) ou MTA Fillapex
(n=10), mantidos em estufa por 7 dias. Escaneamentos com microtomografo
SkyScan 1176 foram realizados apds preparo e apos 7 dias da obturacdo. A
porcentagem de material obturador e porcentagem de falhas foram obtidos.
Cavidades preenchidas pelos cimentos endodonticos foram utilizadas para avaliagao
da alteracdo volumétrica dos materiais apos imersdo em agua por 7 dias.
Escaneamentos foram realizados apos preenchimento das cavidades e apos 7 dias.
Os dados foram submetidos ao teste T ndo pareado, com 5% de significancia.
Resultados: As obturacbes com MTA Fillapex apresentaram maior percentual de
falhas no terco cervical (P<.05). Nao foram observadas diferengas entre os materiais
para obturacdo nos tercos médio e apical (P>.05). A andlise da alteracao volumétrica
demonstrou maior perda de volume para o MTA Fillapex apds 7 dias (p<.05).
Concluséo: MTA Fillapex proporciona maior porcentagem de falhas no
preenchimento de canais ovais, e apresenta maior perda volumétrica que o AH Plus.
A qualidade da obturacdo pode ter relacdo com a estabilidade volumétrica do
cimento endoddntico, uma vez que do MTA Fillapex apresentou maior perda
volumétrica e maior percentual de falhas na obturacdo de canais ovais pela técnica

de condensacéo lateral.

Palavras-chave: endodontia, microtomografia computadorizada, obturacdo do canal

radicular.

* Artigo nas normas do peridodico Jounal of Endodontics
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INTRODUGCAO

A obturacdo dos canais radiculares visa o selamento tridimensional do
sistema de canais radiculares. Canais radiculares ovais apresentam maior
achatamento no terco médio (1), dificultando limpeza e obturag&o, e prejudicando o
correto selamento (2-5). O cimento endoddntico deve favorecer o preenchimento de
areas de dificil acesso e irregularidades (6). Estabilidade dimensional e baixa
solubilidade séo propriedades importantes do cimento endodéntico (7,8), evitando
falhas entre a dentina e o material obturador (9). Neste contexto, a avaliacdo do
material e suas propriedades associada a sua atuacdo na obturacdo é de extrema
importancia para garantir a qualidade da obturacao.

AH Plus € um material endodéntico a base de resina epoxica que apresenta
capacidade seladora (9,10) e propriedades fisicas e quimicas satisfatérias (11,12).
Apresenta escoamento segundo as especificacbes American Dental Association
(ADA) (13), baixa solubilidade (14), além de estabilidade dimensional (10,15).

MTA Fillapex é um material obturador endodéntico resinoso que contém MTA,
composto de resina salicilato, resina diluente, 6xido de bismuto, nanoparticulas de
silica, MTA e pigmentos. Altos valores de solubilidade foram observados para este
material (14,16). Em comparac¢do ao AH Plus, analises microscopicas da qualidade
da obturacdo e de propriedades fisicas demonstraram elevada solubilidade e
guantidade de gaps na interface dentina / cimento para MTA Fillapex (17).

A qualidade de obturacédo pode ser analisada usando métodos quantitativos
tridimensionais por meio de microtomografia computadorizada (18-21).
Microtomografia computadorizada também pode ser empregada para analise de
propriedades como escoamento (22), solubilidade (23) e alteracdo volumétrica
(24,25), permitindo analise tridimensional em diferentes periodos e intervalos (25).

O objetivo deste estudo foi avaliar a capacidade de preenchimento dos
cimentos AH Plus e MTA Fillapex em que canais ovais de incisivos inferiores por
meio da analise do percentual de falhas na obturacéo, além da alterag@o volumétrica
dos materiais empregando microtomografia computadorizada. A hipotese nula € que
nao ha relacdo entre os materiais utilizados e a qualidade da obturacdo de canais
ovais. Além disso, uma segunda hip6tese € que ndo ha relacdo entre qualidade de

obturacéo e alteracéo volumétrica dos cimentos AH Plus e MTA Fillapex.
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MATERIAL E METODOS

Selecéo e preparo das amostras

Vinte Incisivos inferiores selecionados por meio de radiografia digital (Kodak RVG
6100) aprovados pelo Comité de Etica (CEP #31725014.7.0000.5416) foram
utilizados. ApéOs acesso aos canais utilizando uma fresa diamantada (n.2, KG
Sorensen, Sao Paulo, SP, Brazil) e um glide path usando uma lima tipo Kerr
tamanho 10 (Dentsply Sirona, Ballaigues, Switzerland), as amostras foram
preparadas com sistema MTwo tamanho 20, conicidade .06 seguido de tamanho 40,
conicidade .06 em movimento reciprocante horéria. Os instrumentos foram usados
em rotacdo alternativa (150° horario e 30° anti-horario) rotacionados em motor
elétrico ENDO DUAL (Satelec, By Dental srl, Pistoia, Italy). Cada instrumento foi
gradualmente inserido no canal em um lento movimento de entrada e retirada, nos
trés niveis (cervical, médio e apical), com pincelamento contra as paredes.

ApOs preparo, os dentes foram obturados pela técnica de condensagéo lateral
usando cimento AH Plus ou MTA Fillapex (n=10 cada grupo). O cimento foi levado
ao canal utilizando Lentulo #40 (Dentsply, GmbH, Konstanz, Germany). Cones de
guta-percha 0.02/40 envoltos de cimento foram levados no comprimento de trabalho.
Espacadores digitais tamanho B (Dentsply Maillefer, Ballaigues, Germany) foram
ajustados ao nivel de 1-2 mm da ponta do cone e cones acessorios XF (Tanari, Sdo
Paulo, Brazil) foram inseridos no espaco formado pelo espacador até que todo o
canal fosse preenchido. O excesso de guta-percha e cimento foi removido com
instrument aquecido. As amostras foram entdo mantidas em estufa 37°C sob
umidade relativa 100% por um periodo de 7 dias, sendo entdo escaneadas.

Andlise por microtomografia computadorizada

ApOs montagem em dispositivo especifico, o escaner de alta resolucdo SkyScan
1176 (SkyScan 1176, Bruker-microCT, Kontich, Belgium) foi utilizado para obtencéo
das imagens, seguindo parametros especificos: 70 kV, 353uA, 360° rotacdes, um
filtro de cobre/aluminio e um passo de rotagédo de 0.5°, resultando em uma imagem
com tamanho de voxel de 17.42-um. Escaneamentos pos preparo e pos obturacéo
do canal radicular foram reconstruidos utilizando o software NRecon. Um
alinhamento geométrico foi realizado através da funcao “3D registration” no software
Data Viewer (Data Viewer v.1.5.1, Bruker microCT). Apds analises neste software,

as imagens foram quantitativamente analisadas utilizando o software CTAn (CTAnN
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v.1.14.4, Bruker microCT). Um histograma de densidade foi usado em um método de
limite global. “Task lists” foram aplicados e operagdes aritméticas e logicas entre as
seccOes sobrepostas foram realizadas. As porcentagens de material obturador
tomaram como base o volume do canal pos preparo. Dessa forma o percentual de
falhas na obturagéo foi obtido [(volume do canal - volume do material obturador) x
100 / volume do canal].
Analise da propriedade fisico-quimica —altera¢do volumétrica
Para analise da alteracdo volumétrica utilizando microtomografia computadorizada,
cavidades em resina acrilica (n=6) com 3mm de profundidade e 1mm de diametro
foram preparadas e preenchidas com cada material avaliado (AH Plus e MTA
Fillapex) logo ap6s manipulacdo. As amostras foram mantidas em estufa a 37°C e
umidade relativa por um periodo de trés vezes o tempo de presa. Apos esse periodo
inicial e o periodo de 7 dias, as amostras foram escaneadas utilizando o escaner ja
mencionado (SkyScan 11 76, Bruker-MicroCT, Kontich, Belgium). Parametros de
escaneamento e analises foram previamente determinados (25).
Andlise estatistica

Dados obtidos para percental de falha e alteracdo volumétrica foram
submetidos ao teste T ndo pareado (a<0.05).

RESULTADOS

Os dados obtidos para percentual de falha e alteracdo volumétrica utilizando
os diferentes materiais estao descritos na Tabelas 1.

Para a andlise de percentual de falhas, um maior percentual foi observado
para o cimento MTA Fillapex no terco cervical (P<.05). Nos tercos médio e apical,
nao foram observadas diferencas entre os materiais (P>.05) (Tabela 1).

Com relacdo a propriedade fisico-quimica de alteragdo volumétrica dos
materiais no periodo de 7 dias, AH Plus apresentou expanséo de 0,32%, enquanto
MTA Fillapex apresentou uma reducéo volumétrica (11,14%) neste mesmo periodo
avaliado (Tabela 1). Modelos representativos tridimensionais estao representados na

Figura 1.

Tabela 1 — Média e desvio padrédo dos dados de dados volumétricos da qualidade de
obturacéo - percentual de falhas na obturagéo e dos dados de altera¢éo volumétrica

(%) para AH Plus e MTA Fillapex avaliada por meio de micro CT apos 7 dias
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Grupos experimentais

AH Plus MTA Fillapex
Cervical 7.7+£5.01P 14.39+8.22
Falhas na .

Médio 7.8+4.422 11.62+6.352

obturagéo (%) _
Apical 11.79+£6.712 15.67+£6.592

Alteracao .
o 7 dias 0.32 (0.13)2 -11.14 (1.10)°

volumétrica

Letras sobrescritas diferentes indicam diferengca estatisticamente significante entre os

grupos experimentais (P < 0.05).

Figura 1 — Modelos tridimensionais representativos da obturacdo dos canais
radiculares com cimento MTA Fillapex (A) ou AH Plus. Imagem representativa

do corte cervical das obturacées com MTA Fillapex (1) ou AH Plus(ll).

DISCUSSAO

De acordo com os resultados do presente estudo, foi observado maior
percentual de falhas na obturac&do utilizando condensacéo lateral para o cimento
MTA Fillapex no terco cervical quando comparado ao AH Plus. Adicionalmente, MTA
Fillapex apresentou uma maior alteracdo volumétrica apos 7 dias, em comparagao
ao AH Plus. Dessa forma, a hipotese nula foi rejeitada, uma vez que a qualidade de
obturacéo foi diferente de acordo com o material utilizado. Aléem disso, a segunda

hipotese também foi rejeitada, ja que houve relacéo entre qualidade de obturacédo e
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alteracdo volumétrica dos cimentos, uma vez que o cimento MTA Fillapex que
apresentou maior perda volumétrica apresentou também maior percentual de falhas
na obturacdo de canais ovais.

A microtomografia computadorizada é utilizada na analise da obturacdo de
canais radiculares e avaliacdo dos espacos vazios (26), falhas (18), porosidade (19),
volume de cimento em regifes especificas do canal (20), além da qualidade de
preenchimento com diferentes materiais (21). No presente estudo, o calculo do
percentual de falhas foi baseado no volume do canal preparado com relacdo a
obturacdo, como j& descrito (27). O volume é calculado dentro de um volume de
interesse possibilitando andlise do volume de material (20), além do percentual de
material e de falhas (27).

A alteracdo volumétrica foi avaliada segundo Torres et al. (25). O material
pode ser avaliado em diferentes periodos, apds imersdo em agua destilada. Esta
andlise pode complementar testes convencionais e no presente estudo foi
correlacionado a qualidade da obturacdo. AH Plus apresenta expansdo dimensional
(14) e menor solubilidade (12,14) que MTA Fillapex. Testes convencionais de
alteracdo dimensional recomendam contracao linear de até 1% ou expansao menor
que 0.1% (28). O cimento AH Plus demonstra expansao linear (10,15), sendo
observada contracdo para MTA Fillapex (14), além de elevados valores de
solubilidade (16). No presente estudo, AH Plus demonstrou um aumento volumétrico
de 0.32%, enquanto MTA Fillapex apresentou perda volumétrica de 11.14%. O
aumento volumétrico para AH Plus est4 correlacionado a sua expanséo linear
(10,15). A perda volumétrica do MTA Fillapex demonstra a contracdo do material
(14) e pode ser relacionado a sua solubilidade (29). Além disso, no presente estudo,
a perda volumétrica pode ser relacionada ao maior percentual de falha do MTA
Fillapex, em especial no ter¢o cervical da obturacdo, onde maior volume de material
é utilizado.

MTA Fillapex demonstra maior escoamento (8). No entanto, o escoamento
observado por testes convencionais pode ndo estar correlacionado diretamente a
capacidade de preenchimento do matrerial na obturacdo do canal radicular
(24,30,31). MTA Fillapex também demonstrou menor efetividade de preenchimento
que AH Plus, com mais espacos vazios a 4 mm do 4pice apOs avaliacdo em
estereomicroscopia e microscopia confocal a laser, com falhas a 4 e 6 mm do apice
radicular (32).
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Desta forma, a maior solubilidade e contragdo demonstradas para MTA
Fillapex (12,14) podem estar intimamente relacionadas a sua maior perda
volumétrica e consequentemente maior percentual de falhas em especial no terco
cervical da obturacdo. Além disso, a expansao linear observada para AH Plus
(10,15) pode favorecer a qualidade da obturacdo. A associacdo de propriedades
analisadas por testes convencionais e os dados volumétricos adicionais permitem
maior entendimento do possivel comportamento clinico dos materiais obturadores. O
presente estudo sugere que a qualidade de obturacdo pode ser influenciada pelas
propriedades de solubilidade e alteragdo dimensional do cimento endodontico ao

longo de tempo, além da capacidade de preenchimento durante a obturacao.

CONCLUSAO
MTA Fillapex proporciona maior porcentagem de falhas no preenchimento de
canais ovais, e apresenta maior alteracdo volumétrica que o AH Plus. A qualidade da

obturacdo pode ter relacdo com a estabilidade volumétrica do cimento endoddéntico.
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4 DISCUSSAO

O presente estudo associou morfologia oval dos canais radiculares e
diferentes avaliacbes de preparo e obturagdo. A anatomia oval foi escolhida por
proporcionar maior dificuldade no preparo>°°57.58 e obturacéo3®°°%0, Devido a
presenca de achatamento mesio distal localizado principalmente no terco médio®?,
algumas regifes podem permanecer ndo instrumentadas, favorecendo o acumulo de
debris e microorganismos!®®, sendo importante a andlise de diferentes técnicas
para limpeza®>61, além de propostas para desinfeccdo adicional®62,

A selecao de dentes para o presente estudo, por meio de radiografias digitais
de 520 incisivos inferiores nos sentidos vestibulo-lingual (VL) e mesio distal (MD)
permitiu a classificacdo destes dentes de acordo com a relacdo de diametro
encontrada: canais achatados (AC, RD>4); oval (OV, 2<RD=4); arredondado (AR,
1.1<RD>2); redondo (RO, 0.9sDR21.1); e com achatamento VL (VL, RD<O0.9).
Dentro desta amostragem, foram encontrados 23.3% canais achatados, 41.3%
ovais, 27.3% arredondados, 4.5% redondos e 3.6% com achatamento VL. Esta
classificacdo aperfeicoa estudos anteriores®4%, sendo a anatomia oval
predominante em incisivos inferiores (Publicacdo 1). Além disso, a partir desta
classificagdo inicial, os dentes considerados ovais foram analisados em
microtomografia computadorizada, revelando resultados diferentes com relacdo a
analise radiografia.

Com relacao ao preparo, uma das principais propostas do estudo foi aplicar a
cinematica reciprocante horaria para instrumentos do sistema Mtwo, sendo
preconizado ainda um preparo utilizando um (Mtwo 40.06) ou dois (Mtwo 20.06
seguido de 40.06) instrumentos. Esta cinematica foi comparada a convencional anti-
horaria empregada para os instrumentos Reciproc R40 e Unicone, com uso de um
(R40) ou dois instrumentos (Unicone 20.06 seguido de 40.06). Ainda, uma
sequéncia de instrumentos MTwo em cinematica rotatdria continua foi avaliada para
comparacao.

Durante o preparo de canais radiculares, uma técnica de instrumentacao
especifica pode influenciar a obturacdo®. O preparo do canal radicular com
instrumentos NiTi resulta em melhor manutencdo de sua forma original, podendo
exercer impacto sobre o resultado do tratamento endoddntico®6¢7, além de serem

amplamente indicados para preparo. Diferentes formas de preparo podem ser
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empregadas, tanto em sua cinematica convencional como em movimentos
alternativos como o reciprocante horario. Estas alteragbes de cinemética podem
aprimorar e ampliar as condi¢cdes de preparo, otimizando o uso dos sistemas com
maior limpeza e conformacdo?>%8, associado a maior aumento volumétrico do canal
radicular, menor percentual de superficie ndo instrumentada, além de maior remoc¢ao
de debris.

De acordo com as comparacdes propostas, o uso de dois instrumentos MTwo
(20.06 seguido de 40.06) em cinematica reciprocante horaria mostrou maior
percentual de limpeza (ou seja, menores percentuais de debris e superficie ndo
instrumentada) quando comparado ao uso de um uUnico instrumento em cinematica
reciprocante anti-horaria (R40) ou horaria (Mtwo 40.06) (Publicacdo 2)%°. Ja a
utilizacdo de dois instrumentos Unicone (20.06 seguido de 40.06) em cinemética
reciprocante apresentou resultados inferiores de limpeza quando comparado aos
instrumentos R40 e sequéncia rotatéria Mtwo, mostrando que um preparo com
aumento de volume do canal radicular ndo necessariamente esta associado a uma
melhor limpeza (Publicacéo 3). Estes resultados confirmam a hipétese de que forma
e limpeza de canais radiculares séo influenciados por fatores diversos, incluindo, por
exemplo, anatomia, cinemética, numero de instrumentos e design dos instrumentos.

Para analise da obturacao, as variaveis de comparacao utilizaram diferentes
preparos e sua influéncia na qualidade de obturacdo utilizando diferentes técnicas
(Publicacéo 4) e diferentes materiais (AH Plus e Neo MTA Plus [Publicacdo 5] ou AH
Plus e MTA Fillapex [Publicacdo 6]). A analise de parametros especificos da
obturacdo de canal radicular foi realizada por meio de microtomografia
computadorizada. Estas analises séo realizadas por meio de percentuais de falha
encontrados a partir da diferenca de volume pos preparo e pOs obturacdo, sendo
empregada a andlise por tercos®3%%7°, Em uma das andlises cuja variavel foi o
material obturador, também foi empregado um teste complementar de alteracédo
volumétrica (Publicacéo 6).

A qualidade de obturagdo pode apresentar interferéncia do preparo e do
acumulo de debris durante a instrumentacgéo, interferindo no correto preenchimento
do canal®®f%71, No presente estudo, o preparo com sequéncia MTwo rotatorio
acarretou maior percentual de debris no terco cervical dos canais, além de maior
percentual de falhas nesta regido ap0s obturacdo pela técnica de cone Unico. A

obturacdo com técnica de cone Uunico, compactacdo lateral e técnica de
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compactacéo vertical aquecida em canais preparados com instrumentos rotatorios
ProTaper ou MTwo mostraram efeitos similares e satisfatérios de selamento e
infiltracdo bacteriana®®. No presente estudo, a comparacdo das técnicas de
compactacao lateral e cone Unico apresentou diferenca quando o preparo foi
realizado com a sequéncia rotatdria Mtwo, com maior percentual de falhas para cone
anico. Ja na analise destas técnicas de obturacdo quando o preparo foi realizado
com R40 ou Mtwo 40.06, ndo foram observadas diferencas. Com relacdo aos dados
obtidos, a associacdo debris / qualidade da obturacédo foi encontrada. Dessa forma,
a diferenca significativa observada entre as técnicas de cone Unico e compactacao
lateral foi observada apenas para o grupo que apresentou maior percentual de
debris no terco cervical (Publicacao 4).

O material obturador a ser utilizado deve preencher areas de dificil acesso,
como reentrancias e espacos irregulares’?. A relacdo interface dentina-cimento
adequada contribui para o selamento do canal radicular, podendo variar de acordo
com o cimento utilizado’74. A associacdo cones de guta-percha e cimentos
endodoénticos com pequena espessura de cimento sdo desejaveis, em especial pela
maior estabilidade da guta-percha’. Caracteristicas especificas de cada cimento
obturador’®’7 como solubilidade”® e escoamento® podem afetar o selamento dos
canais radiculares. Sendo assim, a escolha de materiais com propriedades
adequadas, incluindo reduzida solubilidade e estabilidade dimensional contribuem
para o selamento do canal radicular por um maior periodo de tempo”8.

A habilidade seladora do material obturador pode estar relacionada a
diferentes propriedades fisico-quimicas, como escoamento e espessura de
cimento’®. No presente estudo, a andlise da qualidade da obturacdo apresentou
relacbes diretas ao tipo de material utilizado. Apesar de escassa literatura com
relacdo ao material Neo MTA Plus, os estudos demonstram adequada radiopacidade
e hidratacdo, sem promover descoloracéo, radiopacidade satisfatoria e liberacao de
ions calcio e hidroxila significativamente maior que MTA Plus, além de apresentar
biocompatibilidade*®*°. No presente estudo, sua associacdo a obturacdo pela
técnica de cone unico apresentou resultados similares de qualidade de obturacéo
utilizando AH Plus, com percentual de falhas semelhantes nos tergos cervical, médio
e apical do canal radicular (Publicacdo 5). A associagéo da técnica de compactagéo
lateral ao cimento MTA Fillapex apresentou maior percentual de falhas quando

comparado ao uso de AH Plus. Na anélise destes materiais com relacéo a alteracéo
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volumétrica®®, a perda volumétrica para MTA Fillapex foi significativamente superior
ao AH Plus. Dessa forma, a maior porcentagem de falhas proporcionada pelo
cimento MTA Fillapex pode ser associada a sua menor estabilidade volumétrica,
com maior perda volumétrica (Publicacéo 6).

Estudos com microtomografia computadorizada em alta resolugéo
tridimensional permitem quantificacdes precisas da qualidade de preparo®3882 e de
obturagdo336°70, Dessa forma, seja pela sua boa correlacdo qualitativa com achados
histologicos®?, ou ainda pela possibilidade de andlise quantitativa de diferentes
parametros®3, a técnica de micro-CT é um método preciso para a avaliacdo do
preparo e preenchimento de canais radiculares in vitro. A possibilidade de analises
nao destrutivas, permitindo que uma mesma amostra seja avaliada em diferentes
periodos e etapas do tratamento também se apresenta como uma condi¢ao
diferenciada desta ferramenta.

Os resultados e conclusdes obtidos no estudo permitem algumas importantes
consideracdes clinicas para o preparo e obturacdo de canais ovais. Para a avaliacao
da selecdo de dentes com esta morfologia, andlise a 9 mm do apice radicular
mostrou maior precisdo. Além disso, considerando esta morfologia no terco meédio
do canal, a limpeza desta porcdo é mais efetiva quando da utilizacdo de dois
instrumentos em cinematica reciprocante alternativa associada ao sistema Mtwo,
visto que a utilizacdo de um instrumento de menor didmetro promoveu melhor
limpeza desta regido critica. Além disso, ao se analisar 0 parametro preparo, 0O
sistema e suas caracteristicas especificas de instrumento também devem ser
levados em consideracdo, uma vez que no caso do sistema Unicone, a utilizacdo de
dois instrumentos em cinematica reciprocante ndo foi associada a maiores
percentuais de reducdo de debris. Ainda com relacdo a limpeza, a influéncia na
efetividade da obturacdo dos canais foi observada, visto que o preparo com maior
quantidade de debris resultou em obturagdo com maior percentual de falhas. Com
relacdo aos materiais utilizados, materiais com melhores e mais adequadas
propriedades fisico-quimicas resultaram em um melhor preenchimento dos canais.
Finalmente, na comparacdo entre as técnicas obturadoras cone unico e
condensacao lateral, maior percentual de falhas foi observado para a técnica de
cone unico quando maior percentual de debris foi observado pés preparo.

Estudos adicionais sdo necessarios para maior definicho do uso da

ferramenta micro-CT e parametros necessarios para avaliacdo de cada etapa de
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andlise do preparo e obturacdo do canal radicular. A variacdo das resolucdes
utilizadas, por exemplo, pode comprometer achados e conclusdes, em especial com

base em resultados de estudos prévios'®82:84.85
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5 CONCLUSAO

De acordo com as publicacdes do presente estudo, pode-se concluir que:

Publicacdo 1: Canais ovais séo predominantes em incisivos inferiores a 9mm.
Espessura dentinaria radiografica € maior que a observada em micro-CT a3 e a 9
mm, variando a classificacdo em cada nivel radicular. A classificacdo a 9 mm é
indicada.

Publicacdo 2: O movimento reciprocante convencional para R40 e o
movimento reciprocante horario para MTwo resultou em preparos similares. Mwlhor
limpeza de debris no terco médio foi obtida quando dois instrumentos com diametros
diferentes foram usados.

Publicacdo 3: O preparo com dois instrumentos reciprocantes do sistema
Unicone promoveu maior aumento de volume. Porém, maior limpeza e menor
percentual de debris foi obtido para preparo reciprocante com R40 e sequéncia
rotatoria MTwo.

Publicacdo 4: O preparo de canais ovais com técnicas reciprocantes R40 e
Mtwo 40.06 proporcionaram maiores percentuais de limpeza, acarretando obturacéo
semelhante por técnicas de cone Unico e compactacao lateral. Maior percentual de
debris ap6s preparo MTwo promoveu maior percentual de falhas para obturacéo
com cone unico.

Publicacdo 5: O preenchimento de canais ovais pela técnica de cone Unico
para o cimento Neo MTA Plus foi semelhante ao AH Plus.

Publicacdo 6: MTAFillapex proporciona maior porcentagem de falhas na
obturacéo de canais ovais, 0 que pode estar relacionado com a reducao volumétrica

do material.
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APENDICE A - METODOLOGIA DETALHADA
Metodologia detalhada das diferentes etapas da pesquisa
Selecédo dos dentes

Para selecao dos dentes, 520 incisivos inferiores foram radiografados, empregando
60 kV, 7 mA, 0,32 pulsos por segundo, e distancia foco-filme de 33 cm, utilizando o
sistema de radiografia digital (Kodak RVG 6100). Cada dente foi radiografado no
sentido vestibulo-lingual (VL) e mesio-distal (MD). Dentes com mais de um canal
radicular, restauracdes extensas, raizes com curvatura foram descartados. O
comprimento de 20 £ 2 mm foi padronizado para os dentes, a partir de mensuracdes
no software CTAn (CTAn v.1.14.4, Bruker-microCT) (Figura 1). A mensuracdo do
diametro de cada canal radicular nas direcdes VL e MD (Figura 2) foi realizada
empregando o software CTan (CTAn v.1.14.4, Bruker-microCT), previamente
calibrado. A mensuracgdo foi padronizada, a 9mm do apice radicular. A partir da
relacdo de diametro (RD) VL/MD obtida, canais de diametro vestibulo-lingual 2 a 4
vezes maior que o mesio-distal (2<RD=4) foram considerados ovais e selecionados
para os estudos 2, 3, 4, 5 e 6. Todos os dados obtidos a partir desta selecdo (n=520)
foram tabulados e permitiram a publicacdo 1, aceita no periédico Journal of
Conservative Dentistry (Publicacéo 1).

Figura 1 — Imagem utilizada para mensuracgdo no software CTAn para definicdo do tamanho
dos dentes
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Fonte: Elaboracao prépria.

Figura 2 - Esquema representativo das mensuracdes radiogréficas do canal radicular de
incisivos inferiores.

Fonte: Elaboracao prépria
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Publicacdo 1

A partir dos dados obtidos na etapa inicial de todos os incisivos inferiores (n=520) foi
selecionada a amostra final (n=110), utilizada para classificacdo de acordo com a
relacdo do diametro (RD) VL/MD. Foram considerados: canais achatados (AC,
RD>4) e ovais (OV, 2<RD=4), além de uma classificagdo adicional proposta: canais
arredondados (AR, 1,1<RD>2), redondos (RE, 0,9<RD=1,1) e com achatamento VL
(VL, RD>0,9). A espessura dentinaria (ED) das paredes vestibular, lingual, mesial e
distal também foi avaliada utilizando a mesma ferramenta. As mensuracdes foram
realizadas a 3 e a 9 mm do 4pice. A distancia entre o canal radicular e a parede
externa foi considerada como o valor correspondente a espessura dentinaria das
paredes (Figura 3).

Os 110 dentes classificados radiograficamente como oval foram escaneados em
microtomografo SkyScan (SkyScan 1176, Bruker-microCT, Kontich, Bélgica). Os
dentes foram colocados em cera para padronizacdo da posicdo durante todos os
escaneamentos. Os parametros de escaneamento foram baseados em estudo piloto
e realizados com 70 kV, 353 mA e rotacdo de 360°, e um passo de rotacao de 0.5°,
resultando em uma imagem com 17.42-uym de tamanho de voxel, filtro de aluminio e
tempo de duracdo de 23 minutos e 14 segundos. As imagens obtidas foram entéo
reconstruidas utilizando o software NRecon (V1.6.4,7; SkyScan, Bélgica). Os
parametros de ajuste da reconstrucao foram feitos a fim de reduzir falhas. A fungéo
“fine-tuning” permitiu obter valores de corregcdo de artefato, como “Gaussian filter”,
“‘beam hardening correction”, “post alignment” e “ring artifact correction”.

As imagens resultantes foram processadas no software Data Viewer (V1.5.1.2;
Bruker-microCT), para obtencdo de seccdes sagitais analisadas com o software
CTan (CTAn v.1.14.4, Bruker-microCT). A RD VL/MD e espessura dentinaria das
paredes mesial e distal dos espécimes foram mensuradas a 3, 6 e 9 mm do apice,
como previamente descrito. Estes 110 dentes foram também avaliados
radiograficamente, com a RD e espessura dentinaria sendo mensuradas a 3, 6, e 9
mm do apice. Os dados obtidos foram submetidos aos testes ANOVA e Tukey e
teste Wilcoxon, com nivel de significancia de 5%.

Figura 3 — Esquema representativo das mensuracoes

A: Diametro mesio-distal (MD — al, a3, a5) e vestibulo-lingual (VL — a2, a4, a6) avaliados
nas imagens radiogréficas (linhas vermelhas). Relagdo de diametro (RD) (b1, b2, b3)
observadas (linhas azuis) em imagens de micro-CT a 3 (1), 6 (II) e 9 (lll) mm do &pice.

B - Imagens obtidas usando o software e mensuracfes da espessura dentinaria (linhas
brancas) das paredes mesial (M) e distal (D) a 3 (1V), 6 (V) e 9 (VI) mm do apice.

Fonte: Elaboracgéo prépria



100

Os espécimes selecionados a partir da selecéo inicial (n=110) foram mantidas em
solucdo de timol 0,1% a 5°C até o uso. Apds lavagem em &agua corrente por 48
horas, foi realizada a abertura coronaria com fresas esféricas tipo diamantada n° 2
(KG SORENSEN, Sé&o Paulo, Brasil). Todos as etapas foram realizadas seguindo
protocolo padronizado e por um uUnico operador, previamente calibrado. Os canais
foram explorados com instrumento tipo K #10 e o comprimento de trabalho foi
determinado 1mm aquém do forame apical. Glide path foi realizado com instrumento
tipo K #10 na regi&o foraminal.

Os espécimes foram distribuidos, de acordo com os estudos propostos e suas
comparacdes. Os grupos experimentais para o preparo foram divididos de acordo
com a Tabela 1.

Tabela 1 — Distribuicdo dos grupos experimentais para preparo dos canais radiculares.

Grupo Técnica de instrumentacéo

1 Reciproc* R40

2 MTwo* 40.06 em movimento reciprocante

3 UniCone** 20.06 e 40.06 em movimento reciprocante

4 MTwo* 20.06 e 40.06 em movimento reciprocante

5 MTwo* sequéncia de instrumentos em movimento rotatorio

* Reciproc e Mtwo: VDW, Munich, Germany; ** Unicone: Medin, Nove Mesto Morave, Czech Republic
Publicacao 2

Neste estudo, foi realizada a comparacdo de preparo dos canais radiculares
utilizando os instrumentos R40 em cinematica reciprocante anti-horaria, MTwo
#40.06 em cinematica reciprocante horaria e Mtwo #20.06 seguido de MTwo #40.06,
também em cinematica reciprocante horéria (Espir et al. 2017).

Preparo com Reciproc R40: foram utilizados instrumentos Reciproc R40, sendo um
instrumento para cada canal radicular. O movimento reciprocante foi utilizado em
motor elétrico VDW Silver (VDW Silver; VDW GmbH, Munich, Germany), com torque
e velocidade especifica de acordo com o fabricante. Os movimentos foram
realizados por tercos (cervical, médio e apical), sendo 3 movimentos de introducéo e
remocao ao atingir cada terco, finalizando com pincelamento das paredes vestibular
e lingual. Ao atingir o CT, 3 movimentos de introdug&o e remocéo foram realizados,
finalizando com pincelamento de todas as paredes (2 movimentos para cada
parede). Cada tempo de preparo foi cronometrado e registrado em todos 0s grupos,
sendo iniciado com a introducdo do primeiro instrumento até irrigacdo final com
2,5mL de hipoclorito 2,5%.

Preparo com MTwo 40.06 em movimento reciprocante: Para instrumentagdo dos
canais radculares, foi utilizado o instrumento MTwo 40.06, sendo usado um
instrumento para cada preparo. O movimento reciprocante de 150° sentido horario,
complementado com 30° sentido anti-horario foi programado em motor ENDO DUAL
(Satelec, By Dental srl, Pistoia, Italia). Os movimentos foram realizados de acordo
com o descrito para o grupo Reciproc.
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Preparo _com instrumentos MTwo 20.06 e 40.06, em movimento reciprocante:
Instrumentos MTwo 20.06 e 40.06 foram utilizados em movimento reciprocante
acionados ao motor ENDO DUAL (By Dental srl, Pistoia, Italia), da mesma forma
como descrito para o Mtwo 40.06.

Publicacao 3

Neste estudo, foi realizada a comparacao de preparo utilizando os instrumentos R40
e o0s instrumentos Unicone #20.06 seguido de MTwo #40.06 em cinematica
reciprocante convencional, além de instrumentos MTwo em sequéncia rotatoria. O
preparo com instrumentos R40 foi descrito previamente para a publicacao 2.

Preparo com sistema UniCone 20.06 e 40.06 no movimento reciprocante: os canais
radiculares foram instrumentados utilizando o sistema UniCone em movimento
reciprocante (motor elétrico VDW Silver, Reciproc), seguindo cinematica para
Reciproc. Foram utilizados instrumentos 20.06 e 40.06, sendo utilizado 1 instrumento
para cada dois preparos. Os movimentos para cada instrumento também foram
realizados de acordo com o descrito para Reciproc.

Preparo com sequéncia de instrumentos do sistema MTwo, em movimento rotatério:
O preparo dos canais radiculares foi realizado seguindo sequéncia coroa apice
utilizando instrumentos MTwo, em movimento rotatério, acionados em motor VDW
Silver (VDW Silver; VDW GmbH, Munich, Germany) com velocidade de 300 rpm e
torque 2. A sequéncia utilizada foi: instrumento 25/07 (terco cervical), 25/06 (tergo
médio), 20/06 (terco apical), com pincelamento das paredes e irriga¢do a cada troca
de instrumento; ao atingir o CT, uso dos instrumentos 25/06, 30/05, 35 e 40/04,
finalizando com o instrumento 40/06, todos com movimento de pincelamento das
paredes.

Escaneamento e andlise

Os escaneamentos e analise apos a etapa de preparo foram realizados da mesma
forma para as publicacbes 2 e 3. Parametros baseados em estudo piloto foram
utilizados na etapa inicial de selecéo (resolucédo de 18um, ciclo de evolucdo de 360°,
0,5mm de filtro de aluminio, energia de 353uA e 70 kV de poténcia). A reconstrucao
das imagens foi feita pelo software NRecon (V1.6.3; Bruker micro-CT), como descrito
anteriormente, utilizando os parametros ja definidos.

ApoOs a etapa de reconstrucdo das imagens, 0s espécimes sao registrados em dois
conjuntos de imagens (um usado como referéncia e outro como target), utilizando o
software Data Viewer (Data Viewer v.1.5.1, Bruker-microCT) (Figura 4). Este registro
duplo permite um alinhamento geométrico dos datasets utilizados, sendo este novo
registro (qQue consiste em uma sobreposicado dos datasets) salvo em nova pasta. O
alinhamento e sobreposicdo das imagens obtidas inicialmente e pdOs preparo
possibilita analise precisa dos mesmos cortes. A ferramenta “register all” do software
permite o registro automatico dos espécimes. Ajustes menores sao possiveis
manualmente, seja por comandos do software como por comandos no teclado
(“ctrl+fixa” ou ctrl+alt’, por exemplo). Estes conjuntos de imagens sao avaliados no
software CTAn (CTAn v.1.14.4, Bruker-microCT) para andlise quantitativa e
construcdo de modelos visuais em 3D (Figura 5).
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Figura 4 — Representacéo da utilizacdo do software DataViewer
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Imagens representatlvas da anallse utlllzando o software DataViewer antes (A) e apos (B) o
registro dos espécimes inicial (“Refference”) e pds preparo (“Target”).
Fonte: Elaboragéo prépria

Para esta analise, foram padronizados limites de “top” (estabelecido como o corte
em que nao se observa mais a presenca de esmalte) e “bottom” (estabelecido como
0 primeiro corte apical onde é possivel visualizar a raiz). Os valores encontrados
para esses limites sdo utilizados nas analises dos espécimes inicial e pos preparo. A
partir destes limites, € entdo criada uma regido de interesse (ROI) em todas as
seccOes, selecionando dentina e canal de cada espécime. A integracdo das regides
de interesse em todos os cortes selecionados definiu um volume de interesse (VOI),
salvo como um novo dataset. Um processo de binarizacdo ou segmentacéo foi
realizado, sendo este determinado a partir de um intervalo de cinza, definido através
de um histograma. A ferramenta “custom processing” é entdo utilizada, executando
um processamento personalizado das imagens através de um “task list”, ou lista de
tarefas com funcdes diversas e operacdes matematicas (Figura 6). Para cada tipo de
andlise (segmentacdo radicular e da dentina, debris dentinarios, superficies néo
tocadas e material obturador) foram utilizadas listas padrdo distintas (Freire et al.
2015). O resultado final foi a analise volumétrica e 0 modelo 3D de um determinado
objeto.

Figura 5 — Representacéo da utilizagdo do software CTan
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Imagens representativas das analises no software CTan dos dataset inicial (A) e pés
instrumentacgéo (B).
Fonte: Elaboracao prépria.
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Figura 6 — Representagéo dos tasks lists utilizados
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Tasks lists utilizados para obtencdo dos resultados para volume do canal inicial e pos
preparo (A) e presenca de debris e superficie ndo tocada (B).
Fonte: Elaboracao prépria.

Dessa forma, foram obtidos a partir desta analise:
- Valores de volume do canal inicial e pds preparo, sendo esta andlise realizada no
canal total e também por tercos;
-Valores de SMI, também para os dois periodos (inicial e pés preparo);
- Volume de debri, que foi considerado como sendo o material de densidade
semelhante a dentina nas imagens pés preparo, em regides previamente ocupadas
por ar no pre;
- Porcentagem de debris produzidos ap6s o preparo, definidos utilizando a seguinte
formula:
% de debris pés preparo = vol de debris pds preparo x 100
vol do canal pés sem debris

- Superficie em mm? (total e por tercos);
- Superficie ndo tocada pds preparo;
-Porcentagem de superficie ndo tocada ap6s o preparo, definida utilizando a
formula:
% de sup ndo tocada = area de sup ndo tocada x 100

area de sup total pés preparo

Obturacao dos canais radiculares

Nesta etapa experimental, foram utilizados canais radiculares preparados
distribuidos em novos grupos experimentais, também de acordo com as analises
propostas para as publicacdes 4, 5 e 6. De uma forma geral, a distribuicdo foi
realizada da seguinte maneira:
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Tabela 2 — Distribuicdo dos grupos experimentais para etapa de obturacdo a partir dos
preparos realizados

Técnica de Técnica de obturacao Material
instrumentacao obturador
Reciproc R40 (n=20) la - Cone Unico (n=10) AH Plus*

1b - Condensacdo lateral AH Plus

(n=10)
MTwo 40.06 em 2a- Cone unico (n=10) AH Plus
movimento 2b- Condensacdo lateral AH Plus
reciprocante (n=20) (n=10)
UniCone 20.06 e 40.06 3a- Cone unico (n=10) Neo MTA Plus**
em movimento 3b- Cone unico (n=10) AH Plus

reciprocante (n=20)
MTwo 20.06 e 40.06 em 4a - Condensacdo lateral MTA Fillapex***
movimento (n=10)

reciprocante (n=20) 4b - Condensacado lateral AH Plus
(n=10)

Sequencia MTwo em 5a- Cone Unico (n=10) AH Plus

movimento rotatorio 5b- Condensacdo lateral AH Plus

(n=20) (n=10)

* AH Plus: Dentsply De Trey, Konstanz, Germany; * Neo MTA Plus: NEO; Avalon Biomed Inc; ***
MTA Fillapex: Angelus Inddustria de Produtos Odontoldgicos S/A (Londrina, PR, Brazil

Visando simular o ligamento periodontal para execu¢cao da etapa de obturacdo dos
canais radiculares, todos os dentes foram montados em aparato de resina acrilica.
Cada dente foi moldado com silicona de condensacdo (Oranwash, Zhermack SpA,
Badia Polesine, Italia) para simulacdo do ligamento periodontal, sendo a raiz envolta
em papel aluminio. Além disso, quando a condensacéo lateral foi realizada, estes
dispositivos foram colocados sobre balanca de precisdo, mantendo uma pressao
maxima de até, 1,5 Kg durante a inser¢ao do espacador (Figura 7). Dessa maneira,
a forca aplicada em todos os espécimes foi padronizada.

Figura 7 — Esquema representativo da obturacéo dos canais

Esquema de simulacdo do ligamento periodontal para posterior obturacdo dos espécimes
(caixa de papel preenchida com resina acrilica, moldagem dos espécimes em silicone e
simulacdo do ligamento com papel aluminio). Do lado direito, imagem representativa da
balanca de precisédo utilizada para controle de forca no momento do uso dos espacadores
digitais.
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Fonte: Arquivo pessoal do autor

Publicacéo 4

Neste estudo, foi realizada a analise do efeito do preparo na qualidade de obturacéo.
Para isso, utilizou-se canais radiculares preparados com instrumentos R40, Mtwo
#40.06 e sequencia rotatoria de instrumentos MTwo. O preparo foi realizado
conforme descrito para as publicacbes 2 e 3. A obturacdo foi realizada pelas
técnicas de cone Unico ou condensacao lateral, utilizando o cimento AH Plus. As
analises de preparo foram realizadas de acordo com publicacfes 2 e 3.

Andlises de obturacao

Obturacdo por técnica de cone Unico: Para a técnica de obturacdo do cone unico,
cone de guta-percha (Mtwo, VDW GmbH, Munich, Germany) foi utilizado, sendo seu
travamento no CT confirmado por radiografia digital. Antes da colocacédo do cone, o
cimento endodontico foi manipulado de acordo com instrucées do fabricante e
levado ao canal radicular, utilizando Lentulo #40 (Dentsply, Maillefer, Ballaigues,
Suica) introduzida a 3mm aquém do CT. Em seguida, o cone de guta-percha
selecionado envolto em cimento foi levado ao canal. Foi realizado o corte cervical do
cone com instrumento aquecido. Uma radiografia de avaliacdo da obturacao de cada
espécime foi realizada.

Obturacdo por_técnica de condensacdo lateral: Na obturacdo pela técnica de
condensacao lateral, foi realizada radiografia digital para comprovacdo do
travamento do cone de guta-percha #40.02 (Mtwo, VDW, Munich, Alemanha) no CT
estabelecido para cada canal radicular. O cimento utilizado foi levado ao canal
radicular, da mesma maneira jA descrita. Em seguida, o cone de guta-percha
principal envolto com cimento em toda sua extenséo foi levado ao canal, até o CT.
Foi entdo utilizado espacador B (Dentsply Maillefer, Ballaigues, Sui¢ca) ao lado do
cone principal, utilizando pressédo no sentido apical. Ap0s sua remocao, um cone
acessorio tamanho XF (Tanari Indastria Ltda., Sdo Paulo, Brasil) era inserido no
espaco criado, também envolto por cimento obturador. Estes procedimentos foram
repetidos até que o espacador ndo penetrasse além do que o terco cervical. Apos
radiografia comprobatoéria, foi realizada a compactacédo vertical, da mesma maneira
descrita anteriormente.

Publicacao 5

Neste estudo, foi realizada a avaliacdo da qualidade de preenchimento utilizando a
técnica de cone unico de guta-percha associada aos cimentos AH Plus ou Neo MTA
Plus. Para isto, foram utilizados canais radioculares preparados pelo sistema
Unicone, como descrito para a publicacao 3. A técnica de obturacao utilizada foi a de
cone unico, da mesma forma como descrito para a publicacédo 4.

Vale ressaltar que a manipulacdo do cimento Neo MTA Plus utilizado foi
padronizada, sendo utilizada a proporgéo po / liquido de 1 colher de pé (0,33g) / 1
gota gel (150 pl). Os parametros seguidos para analise serdo descritos adiante.

Publicacao 6
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Neste estudo, foi realizada a avaliagcdo da qualidade de preenchimento utilizando a
técnica de condensacéo lateral associada aos cimentos AH Plus ou MTA Fillapex.
Para isto, foram utilizados canais radiculares preparados com instrumentos MTwo
#20.06 seguido de #40.06, como descrito para a publicacdo 2. A técnica de
obturacédo utilizada foi a de condensacéo lateral, como descrito para a publicacdo 4.
Os parametros seguidos para analise serdo descritos adiante.

Para este estudo, um teste complementar de alteracdo volumétrica foi
utilizado:

Analise da propriedades fisico-quimica — alteracéo volumétrica:

Para analise da alteracdo volumétrica utilizando microtomografia computadorizada,
cavidades em resina acrilica (n=6) com 3mm de profundidade e 1mm de diametro
foram preparadas e preenchidas com cada material avaliado (AH Plus e MTA
Fillapex) logo ap6s manipulagdo. Os espécimes foram mantidos em estufa a 37°C e
umidade relativa por um periodo de trés vezes o tempo de presa (Figura 8). Apos
esse periodo inicial e o periodo de 7 dias imersos em agua destilada, os espécimes
foram escaneadas (SkyScan 1176, Bruker-MicroCT, Kontich, Bélgica). Parametros
de escaneamento foram realizados usando50 kV, 500 pA, filtro de aluminio 0.5mm,
tamanho de voxel de 18 pum; ciclo de evolucdo de 360°. Cada escaneamento
consistiu de 721 imagens em formato TIFF. A reconstrugdo das imagens foi
realizada utilizando o software NRecon (v.1.6.3, Bruker-microCT). A correcdo de
parametros para The correction “smoothing”, “beam hardening” e “ring artefacts”
foram definidas para cada material. Os mesmos parametros foram usados para os
mesmos materiais nos diferentes periodos. As imagens reconstruidas dos diferentes
periodos foram sobrepostas e salvas utilizando o programa Data Viewer (v.1.5.1,
Bruker-microCT). Andlises foram realizadas utilizando o software CTAn (CTAn
v.1.14.4, Bruker microCT). E modelos 3D foram obtidos utilizando o programa CTVol
(V2.0; Bruker-MicroCT).

Figura 8 - Esquema representativo do teste de alteracdo volumétrica
é /“‘

Esquema representativo da cavidade confeccionada (a), preenchimento da cavidade com o
material utilizado (b) e armazenamento do conjunto em agua destilada (c).
Fonte: Torres et al. 2017%

Escaneamento e analise

ApOs a obturacdo de acordo com 0S grupos experimentais, todos 0s espécimes
foram escaneados e analisados seguindo protocolos definidos. Cada espécime foi
escaneado em micro CT. A fim de sanar possiveis artefatos decorrentes da
presenca de um material radiopaco (cimento obturador) no interior do canal
radicular, os parametros de escaneamento para esta etapa foram: 90 kV, 278 YA,
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rotacdo de 360°, resolucdo de 18 um e filtro CuAl. Estes espécimes foram
reconstruidos como descrito anteriormente pelo software NRecon, também variando
alguns parametros de correcdes de artefato. Nesta etapa experimental, a analise dos
espécimes sera posteriormente realizada, seguindo 0s mesmos principios descritos
para a analise dos preparos. Porém, neste caso, as porcentagens de material
obturador tomardo como base o volume do canal pés preparo. Dessa forma, foram
obtidos:

- Percentuais volumétricos de material obturador e de espacos vazios, calculados
segundo as seguintes formulas:

% material obturador = volume de mat obturador x 100
volume do canal pés preparo

% espacos vazios = 100 - % material obturador
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