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Kalatzis-Sousa NG. Uso da microtomografia computadorizada na andlise da leséo periapical
em animais de pequeno porte: revisdo sistematica da literatura e estudo in vivo [Tese de
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RESUMO

Os objetivos do presente estudo foram: Publicagédo 1 - Realizar uma revisao sisteméatica sobre
0s parametros microtomograficos de aquisi¢céo, reconstrucdo e analise da lesdo periapical
(LP) em ratos e camundongos. Além disso, ilustrar o efeito da variacdo destes parametros
(tamanho do voxel, beam hardening correction, smoothing, gray dataset, plano de orientacao,
regido de interesse - ROI e threshold) em imagens microtomogréficas de hemimandibulas
com LP induzida em molares inferiores de camundongos; e Publicacdo 2 - Avaliar a acuracia
da microtomografia computadorizada (micro-CT) na andlise de LP induzida em dentes de
camundongos empregando como padrdo ouro para comparacdo os valores obtidos por
estereologia aplicada a dados histolégicos. Na Publicacao 1, foram pesquisados artigos que
usaram a micro-CT para avaliar LP em ratos e camundongos de 2000 a janeiro de 2015 no
PubMed. Para a ilustrac&o dos efeitos da variacdo dos parametros de aquisi¢ado, reconstrugcéo
e andlise da LP foram utilizadas mandibulas de camundongos que tiveram LP induzida nos
primeiros molares inferiores. Foram encontrados 21 artigos. Destes, 18 citaram algum
pardmetro usado na aquisicdo, nenhum descreveu os parametros de reconstrucdo e 16
citaram alguns parametros de andlise da LP. Nenhum artigo relatou o protocolo completo para
aquisicdo, reconstrucdo e avaliagdo da LP. Nenhum artigo foi classificado como alta
qualidade, 7 foram como moderada qualidade e 14 de baixa. A ilustragdo da variacdo dos
parametros mostrou que o tamanho do voxel e os parametros de reconstrucédo podem interferir
na nitidez da imagem. A orientacdo inadequada do plano altera o tamanho real da LP. Os
ROls nao personalizados selecionam regides além da LP e o personalizado seleciona apenas
a lesdo. O aumento dos valores do threshold aumenta a lesdo. Concluiu-se que nao ha
protocolo definido para a obtencao das imagens microtomogréficas e andlise da LP em ratos
e camundongos, além dos parametros empregados nao serem adequadamente explicados
comprometendo a reprodutibilidade dos estudos. Na Publicacdo 2, a LP foi induzida nos
primeiros molares inferiores de camundongos. Apos 14 dias, os animais foram eutanasiados
e as hemimandibulas extraidas (n=28) e escaneadas em microtomografo. Para analise
histologica da lesdo periapical, as hemimandibulas foram descalcificadas e submetidas ao
processamento histotécnico. A area da lesdo periapical da raiz distal dos molares foi
mensurada em cortes histolégicos empregando o programa Image J. A partir dos valores
obtidos, foi calculado o volume da lesé@o periapical por meio do principio de Cavalieri e, em
seguida, foi aplicado o fator de corre¢do ao volume obtido. Para calcular o volume de lesé&o
periapical na micro-CT, as imagens microtomogréaficas no plano sagital foram anguladas
seguindo a angulagdo das imagens obtidas nos cortes histologicos. O volume da les&o
periapical foi mensurado empregando o programa CTAn (Skyscan). Todas as medidas foram
realizadas por um avaliador previamente calibrado em dois momentos distintos. Os dados
foram analisados por meio do teste t pareado e do coeficiente de correlacéo intraclasse (ICC)
empregando nivel de significancia de 5%. Os resultados preliminares mostraram que nao
houve diferenca estatisticamente significativa entre o volume da leséo periapical obtido por
ambas as metodologias (p=0,642). O ICC (0,956) indicou alta concordéancia entre o volume
da lesdo periapical obtido histologicamente e por micro-CT. Com base nos resultados
preliminares pode-se concluir que a micro-CT pode ser considerada uma metodologia precisa
para a andlise do volume da leséo periapical em camundongos.

Palavras chave: Periapical periodontite. Microtomografia por raio-X. Endodontia. Ratos.
Camundongos.
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ABSTRACT

The objectives of this study were: Publication 1 - Perform a systematic review of the
microtomographic parameters of acquisition, reconstruction and analysis of periapical lesion
(LP) in rats and mice. In addition, to illustrate the effect of the variation of these parameters
(voxel size, beam hardening correction, smoothing, gray dataset, orientation plane, region of
interest - ROI and threshold) in microtomographic pictures of hemimandibles with LP induced
in lower molars of mouse; and Publication 2 — Evaluate the accuracy of computed
microtomography (micro-CT) in the analysis of LP induced in teeth of mouse employing as the
gold standard for comparing the values obtained by stereology applied to histological data. In
Publication 1, were researched papers that used micro-CT to evaluate LP in rats and mouse
from 2000 to January 2015 in PubMed. To illustrate the effect of variations in acquisition-,
reconstruction-, and analysis parameters on images of LP were used mouse’s jaws that had
LP induced in the lows first molars. 21 articles were found. Of these, 18 cited a parameter used
in the acquisition, none described the reconstruction parameters and 16 cited some of the LP
analysis parameters. No article reported the complete protocol for acquisition, reconstruction
and analysis of LP. No study was classified as high seven were classified as moderate-, and
14 as low quality. The effect of variation in parameters was that voxel size may interfere with
image sharpness and reconstruction may interfere with image sharpness. The inadequate
plane orientation may alter the size of the LP. Nonpersonalized ROIs select the regions beyond
the LP and the personalized selects only the lesion. The increase of the threshold values
increased the lesion. It was concluded that no defined protocol for acquiring and analyzing
micro-CT images of LP in rats and mice, beyond the parameters are not adequately explained,
which may compromise the scientific impact of the studies. In Publication 2, the LP was
induced in the first lows molars of mouse. After 14 days, the animals were euthanized and
hemimandibles was extracted (n = 28) and scanned in microtomography. For histological
analysis of LP, the mandibles were decalcified and submitted to histotechnical processing. The
LP area of the distal root of molars was measured in histological sections using the Image J.
From the values obtained, the volume of LP was calculated by the Cavalieri principle and then
the correction factor was applied to obtained volume. To calculate the volume of LP in micro-
CT, the microtomographic images in the sagittal plane were angled following the angle of the
images obtained in the histological sections. The volume of LP was measured using the CTAn
software (Skyscan). All measurements were performed by a calibrated person in two different
times. The data were analyzed using the paired t test and the intraclass correlation coefficient
(ICC) using a significance level of 5%. The preliminary results showed no statistically
significant difference between the volume of LP obtained by both methods (p = 0.642). The
ICC (0.956) indicated a high correlation between the volume of LP obtained histologically and
by micro-CT. Based on preliminary results it can be concluded that the micro-CT can be
considered an accuracy methodology from the analyze of the volume of LP in mice.

Keywords: Periapical periodontitis. Microtomography X-ray. Endodontics. Rats. Mice.
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1 INTRODUCAO
A leséo periapical é causada pela infec¢do do sistema de canais radiculares

(Ricucci, Siqueira,®* 2010) e representa uma resposta do hospedeiro que envolve o
recrutamento de células inflamatorias, geracdo de citocinas, de enzimas liticas e
ativacdo de osteoclastos, o que leva a destruicdo dos tecidos mineralizados e nao
mineralizados (Stashenko et al.*647, 1994, 1998; Graves et al.*3, 2011). A reabsorcéo
0ssea € um fator importante para avaliar a presenca e a extensdo da lesédo periapical.
Ratos e camundongos tém sido amplamente utilizados em estudos da patogénese da
lesdo periapical experimentalmente induzida (Matsui et al.?’, 2011; Wang et al.%®,
2011; Garlet et al.1t, 2010; Silva et al.*!, 2011; Maciel et al.?4, 2012; Sousa et al.*3,
2014; de Oliveira et al.%, 2015). Nesses modelos animais, a reabsorcdo éssea
periapical pode ser avaliada por meio de radiografias convencionais ou digitais
(Teixeira et al.>?, 2011), cortes histoldgicos (von Stechow et al.®®, 2003 ; Rittling et
al.®8, 2010 ; Teixeira et al.>°, 2011; Sousa et al.*3, 2014; Sun et al.*®, 2014; Hao et al.®,
2015), ou ainda, mais recentemente, por meio de microtomografia computadorizada —
micro CT (von Stechow et al.>8, 2003 ; Rittling et al.*6, 2010 ; McAbee et al.?8, 2012;
Sousa et al.*3, 2014; Sun et al.*®, 2014; de Oliveira et al.°, 2015; Hao et al.'®, 2015).
No entanto, os exames radiograficos, convencional e digital ndo sdo totalmente
adequados para avaliacdo de dentes de ratos e camundongos, devido ao seu
tamanho reduzido e anatomia da mandibula.

A analise da lesdo periapical em cortes histologicos é o método considerado
padrdo ouro (von Stechow et al.%%, 2003). No entanto, este método necessita de longos
periodos para realizacdo, leva a destruicdo da amostra e permite andlise da lesédo
periapical em um Unico plano (Balto et al.2, 2000; von Stechow et al.>¢, 2003).

Nos anos 70 foi introduzida a tomografia computadorizada (Schambach et
al.8, 2010). O uso de tomografia em animais de pequeno porte apresenta limitacdes,
pois a capacidade do aparelho de escanear pecas menores € reduzida, diminuindo
assim a resolucéo das imagens (Ritman et al.3%, 2007). Posteriormente, surgiu a micro
CT, que apresenta alta resolucédo de imagens (Cavanaugh et al.?, 2004). A micro CT
€ considerada uma ferramenta importante para pesquisas endodonticas e também
para o diagnostico e estudo de mecanismos da formacao da lesédo periapical induzida
em pequenos roedores, como ratos e camundongos (von Stechow et al.%®, 2003; Sun
et al.*®, 2014). Embora necessite de aparelho especifico e operador treinado, a micro

CT é um método rapido, reprodutivel e ndo destrutivo (Balto et al.3, 2000), servindo
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assim, como um grande aliado para as pesquisas de animais de pequeno porte
(Schambach et al.®8, 2010).

Além de apresentar uma alta resolucéo de imagens, a micro CT proporciona
a obtencéo de imagens em 2D (bidimensional) e em 3D (tridimensional) e permite a
mensuracdo da area e do volume da lesdo periapical. A lesdo periapical pode ser
avaliada por imagens microtomograficas nos planos coronal, sagital (von Stechow et
al.>¢, 2003) e axial (Sun et al.*®, 2014, Yang et al.b%, 2014).

Estudos empregando a micro CT para avaliar a lesdo periapical em ratos e
camundongos tem sido relatados na literatura (Balto et al.3®, 2000, 2001, 2002; von
Stechow et al.%%, 2003; McAbee et al.?8, 2012; Kang et al.*°, 2013; Wan et al.>’, 2014 ;
Tang et al.*°, 2014; Sun et al.*8, 2014; Yang et al.?1, 2014; Sousa et al.*3, 2014; de
Oliveira et al.?, 2015 Hao, et al.’®, 2015). A maioria dos artigos avaliam apenas a area
(Balto et al.®, 2000, 2001, 2002; von Stechow et al.>6, 2003; McAbee et al.?8, 2012;
Wan et al.>’, 2014; Sousa et al.*3, 2014; de Oliveira et al.%, 2015) e alguns avaliam o
volume da lesdo periapical (von Stechow et al.%®, 2003; Kang et al.1°, 2013; Sun et
al.*8, 2014; Tang et al.*?, 2014; Yang et al.?', 2014; de Oliveira et al.®, 2015; Hao et
al.*>, 2015).

Para a mensuracao da area da lesdo periapical sao utilizados cortes que
passam pela regido central da raiz que mostram simultaneamente a luz do canal
radicular nos tercos coronario, médio e apical da raiz, o forame apical e 0sso alveolar
(Sousa et al.*3, 2014). De acordo com Spin-Neto et al.*> (2011) o ideal é medir o
volume e ndo a area do objeto, pois a mensuracdo da area da parte central do objeto
pode levar a resultados incorretos devido a irregularidade da forma do objeto.

A literatura tem mostrado que o volume da lesédo periapical obtidos por meio
de micro-CT apresenta alta correlacdo com a area da lesdo mensurada em cortes
histolégicos (von stechow et al.>%, 2003; Sun et al.*®, 2014; Yang et al.®!, 2014). No
entanto, nenhum estudo comparou volume da lesdo periapical obtido por meio de
analise histologica (padrdo ouro) com o volume obtido por meio de micro-CT, ou seja,
nao ha evidéncia cientifica que comprove que a micro-CT é um método preciso para
avaliar o volume da leséo periapical em ratos e camundongos.

Os parametros utilizados, durante o processo de aquisicao (tipo e a espessura
do filtro, tamanho do voxel, correntes de voltagem - kV e amperagem - pA, tempo de
exposicao e de escaneamento, passos de rotacao, frame, rotacdo de 180° ou 360° e

tipo de plano - axial, coronal e sagital), reconstrugcdo (smoothing, beam hardening
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correction, ring artifact reduction and grayscale dataset) e analise (plano de
orientacao, tipo de ROI - regido de interesse e valores de threshold) das imagens
microtomograficas, podem ter influéncia direta sobre as caracteristicas finais da
imagem da leséo periapical e sobre o resultado das analises. No entanto, na literatura,
a descricdo desses parametros é escassa, além de ndo haver padronizagdo quando
imagens microtomograficas sédo usadas para a avaliacdo de lesGes periapicais em
ratos e camundongos (Kalatzis-Sousa et al.'’, 2016).

O tamanho do voxel de uma imagem em 3D é equivalente a resolucao de pixel
em imagens 2D (Spin-Neto et al.*4, 2013). O tamanho do voxel determina a resolucéo
da imagem (Scarfe et al.?’, 2006). Quanto menor o tamanho do voxel maior é a
resolucdo e a nitidez das imagens (Ballrick et al.?, 2008). Contudo, nem sempre o
menor tamanho de voxel € o mais utilizado nos estudos. Dependendo da estrutura a
ser analisada, o tamanho do voxel intermediario ou maior pode apresentar uma boa
acuracia no diagnostico (Liedke et al.?%, 2009; Maret et al.?6, 2012; Vizzotto et al.5®,
2013). Liedke et al.?* (2009) avaliaram a deteccdo de reabsorcSes radiculares
externas por tomografia computadorizada cone beam (CBCT) utilizando voxel de 0,2,
0,3 e 0,4mm. Eles observaram que o voxel de 0,3mm associava uma boa precisao de
diagndstico, com uma menor exposicao de radiacdo. Maret et al.?6 (2012) compararam
a precisdo da mensuracado do volume dentario em imagens obtidas com voxel de 300,
200, 76 e 41um. Observaram que os volumes foram semelhantes até os 200um, mas
com o voxel de 300um o volume dentério é subestimado.

Além de interferir na qualidade das imagens, o tamanho de voxel influencia
na dose de radiacdo (Ludlow et al.?®, 2006; Loubele et al.??, 2008); imagens
tomograficas adquiridas em menor tamanho de voxel, exigem maior tempo de
escaneamento (Palomo et al.®, 2008) e maior exposicdo a radiacédo (Ballrick et al.?,
2008; Davies et al.8, 2012). Além disso, o maior tempo de escaneamento exigido
guando se emprega tamanho de voxel pequeno, aumenta o tempo de reconstrucao
das imagens (Kamburoglu et al.*8, 2010), o tempo de realizacdo dos experimentos e
também o tempo em que o animal precisa ser mantido anestesiado. A micro CT tem
sido usada para avaliar a leséo periapical em ratos e camundongos empregando-se
tamanhos de voxel variando de 12 a 37um (Sun et al.*8, 2014; Sousa et al.*3, 2014;
Hao et al.’®, 2015). No entanto, ndo ha estudos avaliando a influéncia do tamanho do

voxel na precisdo da mensuracgéo da lesé@o periapical em ratos e camundongos.
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O KV, amperagem, tipo de filtro (Ludlow et al.?3, 2006, Palomo et al.3%, 2008),
rotacdo (Lennon et al.?, 2011, Cook et al.”, 2015) e passos de rotacdo (Willekens et
al.®%, 2010) também pode influenciar na dose de radiacdo. Em tomografia, quanto
menor é o kV e a amperagem, mais baixa é a dose de radiacdo (Ludlow et al.?3, 2006,
Palomo et al.3!, 2008) aumentando o ruido das imagens (Zarb et al.®?, 2015).

O filtro durante a aquisicdo das imagens esta diretamente relacionado ao kV
e a amperagem. Quanto mais espesso o filtro, maior é o valor do kV e da amperagem,
bem como o tempo de exposicéo e de escaneamento (SkyScan#?, 2011).

A rotacdo da amostra pode ser parcial (180° ou completa (360°). Para
tomografia computadorizada (CBCT), a rotacdo completa leva ao maior tempo de
exposicao, dose de radiacdo, maior resolucdo de imagem e niumero de cortes (Lennon
et al.?%, 2011, Cook et al.”, 2015). A literatura mostra que o uso da rotacédo parcial
(180°) pode levar a reducédo de 50-73% da dose de radiagdo em comparacdo com
uma rotacdo completa - 360° (Cook et al.”, 2015). No entanto, ambas as rotacdes em
CBCT podem produzir precisdo semelhante na deteccdo de lesbes 6sseas artificiais
(Durack et al.1°, 2011, Lennon et al.?°, 2011). Em relag&o ao passo de rotacéo, sabe-
se que é inversamente proporcional a resolucéo de imagem (Abudurexiti et al.?, 2010,
Willekens et al.®°, 2010, Sharir et al.*, 2011). No entanto, isso envolve a mesma
dindmica anteriormente citada (maior tempo de exposicdo, dose de radiacao,
resolucdo de imagem e namero de cortes) (Willekens et al.®%, 2010).

Apos 0 processo de aquisicdo, as imagens necessitam ser reconstruidas.
Mesmo utilizando equipamentos adequados ha producdo de artefatos/ruidos nas
imagens adquiridas (Van Geet et al.53, 2000; Van Geet e Swennen,®? 2001) que sdo a
principal causa de uma baixa qualidade da imagem. Estes artefatos devem ser
corrigidos empregando os filtros ring artifact reduction, beam hardening correction e
smoothing do programa NRecon (SkyScan, Kontich, Bélgica) que apresentam valores
que vao de 1 a 20,de 1al100% e de 1-10, respectivamente. Outro parametro tambéem
utilizado na reconstrucéo das imagens é o gray dataset (histograma). Este parametro,
também chamado de escala de cinza, € utilizado para corrigir o contraste permitindo
a visualizacéo dos diferentes niveis de cinza (Philips®?, 2000) e varia de 0,000000 a
0,100000 no programa NRecon (SkyScan). As informacdes dos valores usados nos
filtros de correcdo de artefatos e no histograma séo importantes, pois estes podem

melhorar ou piorar a visualizagdo das imagens e consequentemente influenciar na sua
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avaliacdo e na mensuracdo de estruturas. Além disso, a ndo informagcdo destes
valores usados na reconstrucao das imagens dificulta a reproducdo da metodologia.

Apoés a reconstrucdo, as imagens microtomograficas devem ser orientadas.
Dependendo da orientacdo criam-se imagens contaminadas (Spin-Neto et al.*®, 2011)
gue podem mostrar a lesédo periapical maior ou menor do que o tamanho real e por
isso ha necessidade de se relatar nos estudos os critérios usados para a orientacdo
das imagens.

Para a mensuracdo do volume da lesdo periapical, deve ser selecionado o
ROI (regido de interesse) e os valores de threshold. Contudo, alguns ROIs como o
retangular, redondo e poligonal podem selecionar regides que nao fazem parte da
leséo periapical, como o ligamento periodontal, polpa radicular ou regido medular o
que ira comprometer o valor real do tamanho da lesdo periapical.

Em relacdo ao threshold para visualizacdo do tecido 0sseo, € importante
definir, em primeiro lugar, qual threshold refere-se a conversdo de uma imagem
microtomografica binaria mostrando apenas o que deve e o que ndo deve ser
interpretado como tecido mineralizado. Estes valores sdo baseados em uma escala
de cinza (Grauer et al.12, 2009) que pode variar de 0 (branco) a 255 (preto) (Philips3?
2000). Os valores de threshold escolhidos pelo operador devem ser capazes de
representar com precisdo o verdadeiro tamanho do objeto (Schlueter et al.3°, 2008)
para evitar valores ndo verdadeiros da lesdo periapical.

Considerando (1) a falta de informacéo na literatura atual sobre os parametros
empregados para analise da lesdo periapical por meio de micro-CT em ratos e
camundongos e a falta de padronizacédo destes parametros e, (2) a falta de evidéncia
cientifica que mostre que a micro-CT é um método preciso para avaliar o volume da
leséo periapical em ratos e camundongos, 0s objetivos do presente trabalho foram:

— Realizar uma revisdo sistematica de literatura sobre os parametros de
aquisicdo, reconstrucdo e analise da lesdo periapical induzida em ratos e
camundongos. Além disso, ilustrar o efeito da variacdo destes parametros
(tamanho do voxel, filtros beam hardening correction, smoothing, gray dataset,
plano de orientacdo, ROI e threshold) em imagens microtomograficas de hemi-
mandibulas com lesdo periapical induzida em primeiros molares inferiores de
camundongos (Publicacéo 1);

— Avaliar a acuracia da micro CT na analise do volume da lesdo periapical

induzida em dentes de camundongos empregando como padrdo ouro para
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comparacao os valores de volume obtidos por estereologia aplicada a dados
histoldgicos (Publicacéo 2).
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2 PUBLICACAO 1

Use of micro-computed tomography for the assessment of periapical lesions in

small rodents: a systematic review*

N.G. Kalatzis-Sousa?, R. Spin-Neto?, A. Wenzel?, M. Tanomaru-Filho?, G. Faria’

! Department of Restorative Dentistry, Araraquara School of Dentistry, UNESP Univ Estadual
Paulista, Araraquara, SP, Brazil;  Oral Radiology, Department of Dentistry, Aarhus University,

Aarhus, Denmark.

*This is the pre-peer reviewed version of the following article: “Use of micro-computed tomography for
the assessment of periapical lesions in small rodents: a systematic review”, which has been published
in final form at [http://onlinelibrary.wiley.com/doi/10.1111/iej.12633/pdf] in © 2016 International
Endodontic Journal. Published by John Wiley & Sons Ltd.

A autorizagdo para o uso do artigo nesta tese encontra-se no Anexo A e no Anexo B
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Abstract

The aim was to undertake a systematic review of the literature regarding the
acquisition-, reconstruction-, and analysis parameters of micro-computed tomography
(micro-CT) for the assessment of periapical lesions in rats and mice, and to illustrate
the effect of variation in these parameters. PubMed database was searched from 2000
to January 2015 (English-language publications) for reports on the use of micro-CT to
evaluate periapical lesions in rats and mice. QUADAS criteria were used to rate the
quality of the studies. To illustrate the effect of variations in acquisition-, reconstruction-
, and analysis parameters on images of periapical lesions, micro-CT examination of
two hemi-mandibles of mice, with periapical lesions around the first molar was
undertaken. Twenty-one studies were identified, which analyzed periapical lesions in
rats or mice using micro-CT. According to the QUADAS, no study was classified as
high-, seven were classified as moderate-, and 14 as low quality. The effect of variation
in parameters was that voxel size may interfere with image sharpness, reconstruction
may interfere with image sharpness and contrast, and inadequate plane orientation
may alter the size of the periapical lesion. Non-personalized ROIs resulted in areas
that were not part of the periapical lesion. Changing the limits of the threshold for bone-
tissue visualization increased lesion size. There is no defined protocol for acquiring
and analyzing micro-CT images of periapical lesions in rats and mice. Further,
acquisition-, reconstruction-, and analysis parameters are not adequately explained,

which may compromise the scientific impact of the studies.

Keywords: mice, periapical periodontitis, rats, X-Ray micro-tomography.
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Introduction

Periapical lesions are caused by bacterial invasion of the root canal system (Ricucci &
Siqueira 2010), which results in inflammation, leading to destruction of periapical
tissues (Stashenko et al. 1998, Nair 2004). Rats and mice have been widely used in
studies assessing the pathogenesis and development of experimentally induced
periapical lesions (Sousa et al. 2014, Yang et al. 2014). In such animal models,
periapical bone resorption may be validated by histological evaluation (Sun et al.
2014), conventional and digital radiography (Teixeira et al. 2011), and by means of
micro-computed tomography (micro-CT) (Rittling et al. 2010).

However, the digital and conventional radiographic examinations are not fully
suitable for imaging of teeth in rats and mice, due to their small size and the jaw
anatomy. Histological evaluation is considered the gold standard method for assessing
periapical lesions (von Stechow et al. 2003). Nevertheless, this method is time-
consuming and leads to sample destruction (Balto et al. 2000).

Micro-CT may therefore be an important tool for research involving periapical
bone lesions in small animals (von Stechow et al. 2003). It provides high-resolution
images (Cavanaugh et al. 2004) and permits the assessment of periapical lesions in a
multi-planar fashion (von Stechow et al. 2003). Micro-CT provides two- (2D) and three-
dimensional (3D) images of the sample (Yang et al. 2014), and it is a non-invasive
method (Balto et al. 2000). Several studies have used micro-CT to assess the area
and volume of periapical lesions in rats and mice (Kang et al. 2013, Yang et al. 2014).
According to the literature, micro-CT images can be used to evaluate periapical bone
destruction, providing results, which are equivalent to those assessed by means of
histology (gold standard) (Balto et al. 2000). Micro-CT has thus been considered an

important diagnostic validation method for studies based on small-animal models
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(Schambach et al. 2010). However, there is limited information in the current literature
on the standardization of important parameters, which must be selected before the
micro-CT examination, such as data acquisition and reconstruction, and the eventual
analysis of the images for periapical lesion assessment. This may lead to inaccurate
measurements (area and volume) of the periapical lesion, compromising the scientific
impact of the findings.

To provide an overview of the literature, the main objective of this study was
to conduct a systematic review regarding the acquisition-, reconstruction-, and analysis
parameters of micro-CT for the assessment of periapical lesions in rats and mice. A
secondary objective was to illustrate the effect of variation in these parameters (voxel
size, smoothing filter, beam-hardening correction, gray-scale data set adjustment,
orientation plane, region-of-interest (ROI), and threshold for bone-tissue visualization)

on images of two hemi-mandibles of mice, with periapical lesions in the first molars.

Review

Literature search and systematic review

Electronic literature search included PubMed database from 2000 to January 2015 for
reports on the use of micro-CT for the evaluation of periapical lesions in rats and mice.
The search was limited to studies written in the English language. In the keyword
search, the following combinations were used: ("periapical lesion (s)" OR "periradicular
lesion (s)" OR "periapical periodontitis® OR "periapical bone destruction” OR
"periradicular bone destruction” OR "endodontic pathology”) AND (mice OR mouse
OR rat) AND (LCT OR micro CT OR micro-CT OR microtomography OR "microCT
scan" OR "microcomputed tomography” OR "micro-computed tomography” OR "micro-

computed tomographic").
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Studies, which measured periapical lesions in rats and mice by micro-CT,
qualified for inclusion. Data extraction included information regarding the (1) quantity
and species of the animals, (2) parameters for image acquisition (voxel size,
kilovoltage, current, filter thickness and type, rotation, rotation step, exposure time,
scanning time, and frame averaging), (3) parameters used for image reconstruction
(smoothing, ring artefact reduction, beam-hardening correction and gray-scale data set
definition), (4) parameters used for periapical lesion analysis (orientation plane, plane
used for measurement, ROI definition, threshold for bone-tissue visualization,
measurement of area or volume of the periapical lesion), and (5) use of a reference
method considered as the gold standard.

Each included study was classified as of high, moderate, or low quality, based
on the QUADAS criteria (Whiting et al. 2003, Whiting et al. 2011). All evaluated items
are shown in table 1. All studies were screened by three reviewers, and data extraction

was verified separately by all authors.
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Table 1 Assessment of study quality according to QUADAS

High quality

Moderate quality

Low quality

The description and the sample selection were clearly described? (QUADAS items 1, 2)

The gold standard was present? The method was used for all samples regardless of the results? (items 3, 4, 5
and 6)

The index test is not part of the gold standard? (item 7)
Was the execution of the index test described in sufficient detail to permit replication of the test? (item 8)
Was the execution of the reference standard described in sufficient detail to permit its replication? (item 9)

Evaluators were blinded to results of micro CT test and gold standard? (items 10, 11)

Studies which did not fit the high quality criteria, but included a gold standard

Studies which did not fit the moderate quality criteria
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lllustrating the effect of variation in acquisition-, reconstruction-, and analysis
parameters

Due to the lack of standardized information regarding the micro-CT method in the
selected studies, parameters with reference to acquisition (voxel size), reconstruction
(smoothing filter, beam-hardening correction, and gray-scale data set), and analysis
(orientation plane, ROI definition, and threshold for bone-tissue visualization) of the
images were changed in some illustrative samples, in order to show the effect on lesion

display in the micro-CT images.

Obtaining the specimens

To allow the acquisition of images in which the variation of these parameters could be
shown, we induced periapical lesions on the right mandibular first molars of two mice
(C57BL/6 wild-type, 8 week-old, male, weighing 23 g), according to the technique
described by Sousa et al. (2014). Following the induction, a waiting period of 14 days
was respected for the periapical lesion development. After this period, the animals
were euthanized using anesthetic overdose, and the right hemi-mandible specimens
were resected and preserved in 10% formalin solution. This protocol was approved by
the University’s Animal Research Ethics Committee under the protocol number

45/2014.

Variation of acquisition parameters (voxel size)
We performed the volumetric micro-CT data acquisition of the mouse hemi-mandible
specimens in a SkyScan 1176 unit (SkyScan 1176 in vivo, Skyscan, Kontich, Belgium),

using a 0.5 mm aluminum filter, exposure time of 300 ms, scan time of 50 minutes,
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rotation of 180°, frame averaging of 3, rotation step of 0.5°, kilovoltage of 80 kV, current

of 300 pA, and diverse voxel sizes (35, 18, or 9 um).

Variation of reconstruction parameters (smoothing filter, beam-hardening correction,
and gray-scale data set)

The acquired micro-CT volumes were exported to the software NRecon (Skyscan,
Kontich, Belgium) and reconstructed using “adequate” (as suggested by the
manufacturer: 1% smoothing filter, 0% beam-hardening correction, 1% ring artefact
reduction, and gray-scale data set of 0.000-0.091); and “inadequate” (from subjective
image observation: 5% smoothing filter, 100% beam-hardening correction, 1% ring

artefact reduction, and gray-scale data set of 0.024-0.155) parameters.

Variation of analysis parameters (orientation plane, ROI definition, and threshold for
bone-tissue visualization)

After reconstruction, the images were oriented “adequately” (standard orientation
plane) or “inadequately” (changed orientation plane) tilted in the axial, coronal and
sagittal planes. To obtain the standard orientation in the sagittal plane, the cervical
opening of the mandibular first molar distal canal and apical foramen were aligned with
the X-axis, while in the coronal plane, the long axis of the distal root was aligned
parallel to the Z-axis. In the axial plane, the mesial and distal root canals of the first
molar were aligned with the Z-axis, keeping the two canals parallel to it. The Y-axis
was not used for orientation. Irrespective of orientation, the coronal, sagittal, and axial
planes are kept perpendicular to one another. Changes in orientation of sagittal, axial,

and coronal planes were done to obtain images with “inadequate orientation”. To



28

achieve this “inadequate orientation”, each plane was tilted 30 degrees from the
previously defined adequate orientation, one plane at a time.

The images in the sagittal plane with standard orientation were exported to the
software CTAN (Skyscan, Kontich, Belgium), and the effect of diversely shaped ROIs
(rectangular, polygonal, round, and personalized), threshold range, and upper limit
(0/40, 0/50, 0/60, 0/70) on the visualization of the periapical lesion was shown.

The images obtained with diverse voxel sizes, reconstruction parameters,
orientation planes, ROIs, and threshold range were saved in BMP format to illustrate

the variation of these parameters on images of a periapical lesion.

Results

Results from the systematic review

The search strategy yielded 128 publications in PubMed. The initial screening of the
studies was conducted using their titles and abstracts, but when these were unclear,
the full text was read. The reviewers independently evaluated the studies, and the

results were discussed among them. Figure 1 details the search strategy.



Eligibility Screening Identification

Included

PRISMA 2009 Flow Diagram

—

Records identified through Additional records identified
database searching through other sources
(n=127) (n=0)
v v

Records after duplicates removed

29

(n=127)
A 4
Records screened N Records excluded
(n=127) " (n=105)
A 4
Full-text articles assessed Full-text articles excluded,
for eligibility > with reasons
(n=22) (n=1)

Y

Studies included in
qualitative synthesis
(n=21)

Figure 1 Prisma flow diagram.



30

Screening yielded 22 citations, which potentially met the inclusion criteria, but
one study was excluded because it had not measured the periapical lesion (Wei et al.
2013). Therefore, 21 studies were selected using micro-CT to evaluate periapical
lesions, 18 in mice and 3 in rats. Sample characteristics in the selected studies are

shown in table 2.
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Table 2 Summary of sample characteristics of included studies

Sample characteristic

Study : Age :
Type of animal Sex (weeks) Number of animals Measurement (area or volume)
Balto et al. 2000 mouse male 11 7 area (mm?)
Sasaki et al. 2000 mouse nd 7 nd area (mm>)
Balto et al. 2001 mouse male 11 7 area (mm?)
Balto et al. 2002 mouse male 11 7 area (mm?)
von Stechow et al. 2003 mouse male 11 7 area (mm?) and volume (mm?3)
Sasaki et al. 2004 mouse nd nd nd area (mm?)
Foschi et al. 2006 mouse male 6-8 37 area (mm?)
Leshem et al. 2008 mouse nd 6-12 80 area (mm?)
Oseko et al. 2009 mouse male 6 nd volume (mm?3)
Rittling et al. 2010 mouse female/male 6-12 nd area (mm?)
McAbee et al. 2012 mouse female/male 10 nd area (pixel?)
AlShwaimi et al. 2013 mouse male 8 nd area (mm?)
Gao et al. 2013 mouse female 6 21 volume (%)
Kang et al. 2013 mouse male 28 35 area (%) and volume (mm3)
Ma et al. 2013 mouse male 7-8 21 volume (%)
Sousa et al. 2014 mouse male 7-8 25 area (%)
Sun et al. 2014 rat male nd 50 volume (mm?3)
Tang et al. 2014 rat nd nd 10 volume (%)
Wan et al. 2014 mouse nd 8 10 area (um?)
Yang et al. 2014 rat nd nd 28 area (mm?) e volume (mm3)
de Oliveira et al. 2015 mouse nd nd 12 area (pixel®) and volume (pixel®)

(nd = no data)
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As regards the acquisition parameters, the type of filter (e.g., Al) was cited in
two studies (Oseko et al. 2009, Sousa et al. 2014), however, only one reported filter
thickness (e.g. 0.5 mm) (Sousa et al. 2014). Six studies cited the voltage used (Balto
et al. 2002, Oseko et al. 2009, Sousa et al. 2014, Sun et al. 2014, Yang et al. 2014, de
Oliveira et al. 2015), and four stated the current (Oseko et al. 2009, Sousa et al. 2014,
Sun et al. 2014, Yang et al. 2014). Three out of these four studies, which reported the
current, did it using the wrong unit — milli-amperage (mA) instead of micro-amperage
(WA). This is probably due to typo-errors not noticed by the peer-reviewers (Sousa et
al. 2014, Sun et al. 2014, Yang et al. 2014). Four studies described the total time of
scanning (Balto et al. 2000, Balto et al. 2002, von Stechow et al. 2003, de Oliveira et
al. 2015), three the exposure time (Sousa et al. 2014, Sun et al. 2014, Yang et al.
2014); and 18 specified the voxel size, which ranged from 10 to 37 um (Balto et al.
2000, Sasaki et al. 2000, Balto et al. 2001, Balto et al. 2002, von Stechow et al. 2003,
Sasaki et al. 2004, Foschi et al. 2006, Leshem et al. 2008, Oseko et al. 2009,
AlShwaimi et al. 2013, Gao et al. 2013, Kang et al. 2013, Ma et al. 2013, Sousa et al.
2014, Sun et al. 2014, Tang et al. 2014, Yang et al. 2014, de Oliveira et al. 2015).

The reconstruction parameters such as smoothing filter, beam-hardening
correction, ring artefact reduction, and gray-scale data set were not specified in any of
the 21 studies selected for this review.

Sixteen studies mentioned at least one parameter used for the analysis of the
periapical lesions (Balto et al. 2000, Sasaki et al. 2000, Balto et al. 2002, von Stechow
et al. 2003, Foschi et al. 2006, Leshem et al. 2008, Oseko et al. 2009, Rittling et al.
2010, McAbee et al. 2012, Gao et al. 2013, Kang et al. 2013, Sousa et al. 2014, Sun
et al. 2014, Wan et al. 2014, Yang et al. 2014, de Oliveira et al. 2015). Only one study

mentioned the orientation of the micro-CT images (Kang et al. 2013). Twelve studies
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used the sagittal plane for the measurement of periapical lesions (Balto et al. 2000,
Sasaki et al. 2000, von Stechow et al. 2003, Foschi et al. 2006, Leshem et al. 2008,
Oseko et al. 2009, Rittling et al. 2010, McAbee et al. 2012, Gao et al. 2013, Kang et
al. 2013, Sousa et al. 2014, Wan et al. 2014), four studies used the axial (Balto et al.
2002, von Stechow et al. 2003, Oseko et al. 2009, Kang et al. 2013), and one used the
coronal plane (Oseko et al. 2009). Two studies mentioned the use of a type of ROI
denominated "automatically selected" (Sun et al. 2014, Yang et al. 2014); and another
the use of "semiautomatic contouring algorithm" (von Stechow et al. 2003), both
without defining these terms. One study mentioned the use of a "contouring tool" (Gao
et al. 2013) for selecting the region of interest and another described an “elliptical” ROI
(de Oliveira et al. 2015). Four studies mentioned the use of "global thresholding" and
“fixed thresholding" (von Stechow et al. 2003, Gao et al. 2013, Sun et al. 2014, Yang
et al. 2014), however, no study actually defined the threshold range or upper limit used.

Information about image acquisition and analysis protocols in the selected
studies are shown in tables 3 and 4, respectively. Based on analysis of the QUADAS
criteria, no article was classified as of high quality, while seven were considered of
moderate quality (Balto et al. 2000, Balto et al. 2002, von Stechow et al. 2003, Sousa
etal. 2014, Sun etal. 2014, Wan et al. 2014, Yang et al. 2014), and 14 were considered
to be of low quality (Sasaki et al. 2000, Balto et al. 2001, Sasaki et al. 2004, Foschi et
al. 2006, Leshem et al. 2008, Oseko et al. 2009, Rittling et al. 2010, McAbee et al.
2012, AlShwaimi et al. 2013, Gao et al. 2013, Kang et al. 2013, Ma et al. 2013, Tang

et al. 2014, de Oliveira et al. 2015).
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Study Voxel kv Current Filter Rotation Rotation Exposure  Scanning Frame
size (um) thickness step time (ms) time averaging
and type
Balto et al. 2000 17 nd nd nd nd nd nd approx. 6h  nd
Sasaki et al. 2000 17 nd nd nd nd nd nd nd nd
Balto et al. 2001 17 nd nd nd nd nd nd nd nd
Balto et al. 2002 17 60 nd nd nd nd nd 4-6.5h nd
von Stechow et al. 2003 17 nd nd nd nd nd nd approx. 6h  nd
Sasaki et al. 2004 17 nd nd nd nd nd nd nd nd
Foschi et al. 2006 17 nd nd nd nd nd nd nd nd
Leshem et al. 2008 32 nd nd nd nd nd nd nd nd
Oseko et al. 2009 374 225 1000pA Al nd nd nd nd nd
Rittling et al. 2010 nd nd nd nd nd nd nd nd nd
McAbee et al. 2012 nd nd nd nd nd nd nd nd nd
AlShwaimi et al. 2013 10 nd nd nd nd nd nd nd nd
Gao et al. 2013 12 nd nd nd nd nd nd nd nd
Kang et al. 2013 12 nd nd nd nd nd nd nd nd
Ma et al. 2013 12 nd nd nd nd nd nd nd nd
Sousa et al. 2014 17.4 80 300pA 0.5mmAl nd nd 300 nd nd
Sun et al. 2014 34.4 70 114pA nd nd nd 300 nd nd
Tang et al. 2014 17 nd nd nd nd nd nd nd nd
Wan et al. 2014 nd nd nd nd nd nd nd nd nd
Yang et al. 2014 34.4 70 114pA nd nd nd 300 nd nd
de Oliveira et al. 2015 17 100 nd nd nd nd nd approx. 4h  nd

kV = kilovoltage, LA = microamperage, nd = no data



Table 4 Summary of the image analyzing parameters used in the included

Studies Image analysis protocol
Orientation plane Measurement plane ROI Threshold definition

Balto et al. 2000 automatic positioning sagittal nd nd
Sasaki et al. 2000 nd sagittal nd nd
Balto et al. 2001 nd nd nd nd
Balto et al. 2002 nd axial nd FT
von Stechow et al. 2003 nd sagittal and axial SA GT
Sasaki et al. 2004 nd nd nd nd
Foschi et al. 2006 nd sagittal nd nd
Leshem et al. 2008 nd sagittal nd nd
Oseko et al. 2009 nd sagittal, coronal, and axial nd nd
Rittling et al. 2010 nd sagittal nd nd
McAbee et al. 2012 nd sagittal nd nd
AlShwaimi et al. 2013 nd nd nd nd
Gao et al. 2013 parallelism roots and planes sagittal CT GT
Kang et al. 2013 nd sagittal and axial nd nd
Ma et al. 2013 nd nd nd nd
Sousa et al. 2014 nd sagittal nd nd
Sun et al. 2014 nd nd AS GT
Tang et al. 2014 nd nd nd nd
Wan et al. 2014 nd sagittal nd nd
Yang et al. 2014 nd nd AS GT
de Oliveira et al. 2015 nd nd elliptical nd

35

SA = semiautomatic contouring algorithm; FT = fixed thresholding; GT = global thresholding; AS = automatic selected; CT = contouring tool; nd

= no data.
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Results from the illustrative sample

Acquisition parameters

Figure 2 shows images of the right mandibular first molar region in one of the mice
specimens, acquired using voxel sizes of 35, 18, and 9 um. Subjective evaluation of
these images reveals that the larger the voxel size, the lower the sharpness of the

reconstructed image.

Figure 2 Images of the right mandibular 1st molar of a mouse specimen acquired with voxel
sizes of 9 (a), 18 (b), and 35um (c).
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Reconstruction parameters

Figure 3 shows the result of applying “adequate” and “inadequate” reconstruction
parameters to one of the mice specimens. When the values for parameters such as
smoothing filter, beam-hardening correction, and gray-scale data set are inadequately
selected, there may be distortion of the object margins, presence of radiopaque
artefacts, altered contrast of the image, and alteration in the assessed size of the

periapical lesion.

Figure 3 Images of the right mandibular 1st molar of a mouse specimen after the use of
“adequate” reconstruction parameters (a), and images with distortion of edges, presence of
radiopaque artefacts, and increased aspects of the periapical lesion, due to “inadequate”
correction of the parameters smoothing filter (b), beam-hardening (c), and gray-scale data set
(d), respectively.
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Analysis parameters
Figure 4 shows the orientation applied to one of the mice specimens, using the X- and

Z-axes to obtain the desired positions (standard orientation) in the three planes.

(2) Q)

Figure 4 Standard image orientation in three planes (a - sagittal, b - coronal, ¢ - axial). Green
line represents the Y-axis, blue the X-axis, and red the Z-axis.
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Figure 5 shows how the “inadequate” orientation of each of the planes
interferes with the size of the periapical lesion. One should notice that when the
position of the sagittal plane was altered, the periapical lesion increased in size in the
coronal and axial planes. Alteration in the axial plane increased the periapical lesion
size in the sagittal and coronal planes. When altering the coronal plane this led to

increase of the lesion in the axial plane and reduction of the lesion in the sagittal plane.
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Standard Orientation Changed Orientation Changes of the Periapical Lesion

Figure 5 Images of the right mandibular 1st molar of a mouse specimen in the sagittal (a, b,
g, and |), axial (e, f, k, and d), and coronal (i, j, ¢, and h) planes. Images a, e, and i represent
a standard orientation method in each of the planes. Alteration of orientation in the sagittal (b),
axial (f), and coronal (j) planes resulted in alterations in the periapical lesion size visualized in
the different planes (c and d, g and h, k and |). It should be noticed that when the position of
the sagittal plane (b) is altered, the periapical lesion increases in size in the coronal (¢) and
axial (d) planes. Alteration in the axial plane (f) increases the periapical lesion size in the
sagittal (g) and coronal (h) planes. When altering the coronal plane (j) this leads to increase of
the lesion in the axial plane (k) and reduction of the lesion in the sagittal plane (l). Arrows
indicate the periapical lesion in the distal root.
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Figure 6 shows the diverse shapes of the ROI and the impact on the
measurement of a periapical lesion. One should notice that the rectangular, polygonal,
and round ROIs include structures that do not form part of the periapical lesion, such
as the periodontal ligament, root pulp, and medullary region, while the personalized

ROI delimits only the periapical lesion.
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Figure 6 Image of the original periapical lesion in the right mandibular 1st molar of a mouse
specimen (a). lllustration of the use of rectangular (bl), polygonal (cl), round (dl), and
personalized ROIs (el) involving the periapical lesion of the distal root. Area selected by the
diverse ROIs (b2, c2, d2, e2, b3, ¢3, d3, and e3) involving the periapical lesion and areas that
do not form part of the lesion, such as the periapical ligament of the second molar (blue arrow
- b3 and d3), root pulp (yellow arrow - b3, c3, and d3) and medullary region (red arrow - b3,
c3, and d3).
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Figure 7 exemplifies the use of diverse threshold values. One should notice
that, as threshold range widens and upper limit increases (0/40, 0/50, 0/60, 0/70), the

size of the periapical lesion also increases, which may lead to an incorrect assessment.

0/40

(®)

0/60

(@

Figure 7 Images obtained using different thresholds for bone-tissue visualization. Original
image of the periapical lesion in the sagittal plane (a). Binary images with threshold ranges of
0/40 (b), 0/50 (c), 0/60 (d), 0/70 (e). One should notice the increase in the periapical lesion of
the distal root of the 1st molar (traced) as the threshold range widens and the upper limit

increases.
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Discussion

The parameters used in the various stages of micro-CT image acquisition,
reconstruction, and analysis may have a direct influence on the final characteristics of
the image (van Vlijmen et al. 2011) and on the outcome of analyses. However, in the
literature, the description of these parameters is scarce, and they seem to have been
set almost arbitrarily, when micro-CT imaging was used for the evaluation of periapical
lesions in rats and mice.

Most of these parameters are already well known for the users of other 3D
imaging methods (e.g., the plane orientation issue in micro-CT-evaluation dedicated
software is somewhat similar to that of CT- and CBCT-evaluation dedicated software),
but others, such as frame averaging (regarding image acquisition), ROI definition and
the threshold for bone-tissue visualization range and limits (regarding image analysis)
are specific to micro-CT.

As it can be seen from the results section, of the 21 studies included in the
current literature review, only 18 cited at least one of the parameters selected for image
acquisition (Balto et al. 2000, Sasaki et al. 2000, Balto et al. 2001, Balto et al. 2002,
von Stechow et al. 2003, Sasaki et al. 2004, Leshem et al. 2008, Oseko et al. 2009,
AlShwaimi et al. 2013, Gao et al. 2013, Kang et al. 2013, Ma et al. 2013, Sousa et al.
2014, Sun et al. 2014, Tang et al. 2014, Yang et al. 2014, de Oliveira et al. 2015).
Among the parameters, the voxel size, kilovoltage, current, scanning time, exposure
time, and filtering settings were those most commonly listed.

The voxel size is defined by its height, width, and depth, and the voxels in
micro-CT imaging are generally isotropic (the dimensions X, Y, and Z are equal)
(Hatcher 2010, Depalle et al. 2013). The voxel size of an image in 3D is equivalent to

the pixel size in 2D images (Spin-Neto et al. 2013). The structural details of a
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tomographic image are directly related to the voxel size (Yeni et al. 2005, Spin-Neto et
al. 2013). The smaller the voxel size, the higher the resolution of the image (Ballrick et
al. 2008). Small voxel sizes generate more sections and consequently, more precise
extraction of data (Chadwick & Lam 2010, Spin-Neto et al. 2013). Smaller voxel sizes
will also lead to less severe superimposition of anatomic structures (Spin-Neto et al.
2011). As was subjectively assessed in the present study, voxel sizes of 9 and 18 um
lead to better resolution and sharpness of the images than a voxel size of 35 um. One
could speculate that, due to the fact that in the images acquired with a voxel size of 35
um, the bone and root margins are less sharply displayed, variations in periapical
lesion measurements could be the result.

On the other hand, tomographic images acquired with smaller voxels demand
a longer scanning time (Palomo et al. 2008) and higher exposure to radiation (Ballrick
et al. 2008, Davies et al. 2012). A longer scanning time increases the time for image
reconstruction (Kamburoglu & Kursun 2010), time for conducting the experiment, and
the time that the animal needs to be anesthetized. High doses of radiation could lead
to severe systemic impairment of the animals (Willekens et al. 2010). However, there
are no studies evaluating the influence of the voxel size on the precision of periapical
lesion measurement in small animals.

Moreover, kV, current, filter (Ludlow et al. 2006, Palomo et al. 2008), rotation
(Lennon et al. 2011, Cook et al. 2015), and rotation step (Willekens et al. 2010) may
also influence the radiation dose. In tomography, the lower the kV and current values,
the lower the radiation output (Ludlow et al. 2006, Palomo et al. 2008), increasing
image noise (Zarb et al. 2015).

Filtering during acquisition is directly connected with kV and current. Thicker

filters are related to increased kV and current, as well as longer scanning and exposure
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times.(SkyScan) The use of a copper filter, as an example, reduces the radiation dose
by approximately 14% (Palomo et al. 2008).

Regarding X-ray tube rotation during scanning, this can be partial (180°) or
complete (360°). For cone beam computed tomography (CBCT), complete rotation
leads to longer exposure time, radiation dose, higher image resolution, and number of
sections (Lennon et al. 2011, Cook et al. 2015). The literature states that the use of a
partial rotation (180°) can lead to 50-73% radiation dose reduction compared to a
complete rotation (360°) (Cook et al. 2015). However, both 360° and 180° CBCT
rotation geometries may yield similar accuracies in the detection of artificial bone
lesions (Durack et al. 2011, Lennon et al. 2011). No information regarding this
parameter for micro-CT images was found in the literature. It is important to mention
that, while for CBCT the X-ray source rotates, in micro-CT the sample is rotated while
the X-ray source is static, which could lead to differences among the two imaging
methods regarding rotation geometry (Bouxsein et al. 2010). Regarding the rotation
step, it is known that it is inversely proportional to image resolution (Abudurexiti et al.
2010, Willekens et al. 2010, Sharir et al. 2011). However, this involves the same
previously cited examination dynamics (higher exposure time, radiation dose, image
resolution, and number of sections) (Willekens et al. 2010).

Concerning frame averaging in micro-CT imaging, this refers to the number of
times each section (image projection) is repeated when the final 3D data set is
constructed as a tomographic volume (Bouxsein et al. 2010). The only information
available in the literature refers to the fact that image noise can be reduced by
increasing frame averaging, but this comes at the trade-off of a longer scan time with

higher radiation exposure (Bouxsein et al. 2010, Go6tzinger et al. 2011, SkyScan 2011).
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In this review, differences in kV, current and scanning time values were
observed in the included studies, as well as the absence of information on filter,
rotation, rotation step, frame averaging and exposure time, in all or a large portion of
the articles. After the acquisition process, the images need to be reconstructed, using
the parameters beam-hardening correction, ring artefact reduction, smoothing filter,
and gray-scale data set definition with the purpose of reducing or eliminating
artefacts/noise present in the acquired images (Van Geet et al. 2000, Van Geet &
Swennen 2001).

Beam-hardening occurs when the X-ray beam passes through a high-density
object, promoting the appearance of radiopaque areas that are truly non-existent in the
object (Schulze et al. 2010, Naranjo et al. 2011). Ring artefacts are ring-like structures
caused by inadequate calibration of the detector; however, perfect calibration is not
always possible, thus producing these artefacts (Kyriakou et al. 2009). In micro-CT,
ring artefacts may dramatically increase when increasing image resolution, since this
would increase the effects of a non-optimal unit calibration (Sijbers & Postnov 2004).
Smoothing serves to soften the edges of the voxels (Lee 1983, Huang et al. 2012). It
will maintain the shape and clarity of the edges,(Lee 1983) smoothing out the interface
between two tissues (Boyd & Miller 2006). The gray-scale data set is used to correct
contrast, allowing visualization of the different levels of gray (Philips 2000).

Information about the values of these parameters must be reported, because
they could improve or impede visualization of the images and consequently affect the
evaluation and measurement of structures. Moreover, when these values are not
stated, this may make it difficult to reproduce the methodology. In this review, none of

the selected articles reported the reconstruction parameters.
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Orientation of the reconstruction image planes may influence the analysis of
periapical lesions, as shown in our illustrations. Depending on orientation, “inadequate”
images may be created (Spin-Neto et al. 2011), which may show a larger or smaller
periapical lesion than the true size. In this review, only one article had described how
the micro-tomographic images were oriented (Kang et al. 2013). In that study, the long
axis of the distal root of the mandibular first molar was used as reference, keeping the
coronal and sagittal planes parallel. Periapical lesions may be measured in the coronal,
axial and sagittal planes. The majority of the articles used the sagittal plane (Balto et
al. 2000, Sasaki et al. 2000, von Stechow et al. 2003, Foschi et al. 2006, Leshem et
al. 2008, Oseko et al. 2009, Rittling et al. 2010, McAbee et al. 2012, Gao et al. 2013,
Kang et al. 2013, Sousa et al. 2014, Wan et al. 2014) and only four used the axial and
coronal planes (Balto et al. 2002, von Stechow et al. 2003, Oseko et al. 2009, Kang et
al. 2013). However, it is unknown whether the plane used to measure affects the
outcome of the periapical lesion volume.

Periapical lesions may be measured as area in two planes (Balto et al. 2000,
Sasaki et al. 2000, Balto et al. 2001, Balto et al. 2002, von Stechow et al. 2003, Sasaki
et al. 2004, Foschi et al. 2006, Leshem et al. 2008, Rittling et al. 2010, McAbee et al.
2012, AlShwaimi et al. 2013, Sousa et al. 2014, Wan et al. 2014, de Oliveira et al.
2015) or volume (von Stechow et al. 2003, Oseko et al. 2009, Gao et al. 2013, Kang
et al. 2013, Ma et al. 2013, Sun et al. 2014, Tang et al. 2014, Yang et al. 2014, de
Oliveira et al. 2015). For the measurement of area, sections from the central region of
the root, which simultaneously show the coronal, middle and apical thirds of the root,
apical foramen and alveolar bone, are generally used (Sousa et al. 2014). According

to Spin-Neto et al. (2011), the ideal is to measure the volume and not the area of the
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object, because measuring the area of the central part of the object may lead to
incorrect results, due to irregularities in the shape of the object.

To measure the volume of the periapical lesion, the ROI and threshold values
must be selected. However, no article clearly explained how these two parameters
were set. The ROI definition in micro-CT dedicated software is normally accomplished
by using pre-determined shapes (e.g., squares, rectangles, circles), which will
delineate the region-of-interest in each 2D section of the micro-CT data set and further
will be combined to provide a volume (e.g., cube, cylinder, sphere). However some
ROI shapes, such as the rectangular, square, elliptical, round, and polygonal may
include areas beyond the periapical lesion, such as the periodontal ligament, root pulp
or medullary region, as we have illustrated. This may compromise the true periapical
lesion size. On the other hand, the personalized ROI allows manual delimitation of the
periapical lesion and probably provides a more accurate size of the periapical lesion.

Regarding the threshold for bone-tissue visualization, it is important to define,
first, that such threshold refers to the conversion of a micro-CT image to a binary image
showing only what is and what is not to be interpreted as mineralized tissue. In other
words, the threshold is a type of “filter” applied to obtain a binary image. Thresholds
are normally described as a range of gray-values. This range is used to define the
threshold of what should not be considered at all in the analysis (values below the
lower limit of the range), and what is/is not to be considered as mineralized tissue
(values above the upper limit of the range, e.g., bone, and values located within the
range limits are considered to represent other tissues, e.g., soft tissues). A threshold
range is based on the gray-scale distribution (Grauer et al. 2009), which may range
from O (black) to 255 (white) (Phillips 2000). The outcome (binary) image presents

areas with gray-values within the range of the binary threshold selection in white, while



50

the areas outside this selection will be shown in black. Diverse thresholds may be
applied to distinguish various mineralized tissue densities (Grauer et al. 2009).
However, no software predefines specific values for different types of tissues (Spin-
Neto et al. 2011), such as enamel, dentin, and bone. Therefore, an operator-selected
threshold must be able to represent the true size of the study object in the binary
outcome image, and must take the reconstructed image as a basis (Schlueter et al.
2008). The most widely used technique for threshold definition is “global thresholding”,
and it is based on histogram analysis, in which a Hounsfield unit value is chosen, and
voxels above this value are marked as bone (Waarsing et al. 2004). One could also
speculate on the possibility of working not using merely binary images, but also
including intermediate intervals in the pre-determined range to be able to differentiate
among more than one type of mineralized tissue (e.g., bone, enamel, dentin) in the
assessment. No studies were found that mentioned this possibility.

Therefore, we may affirm that no article advocated a complete protocol for
image acquisition, reconstruction, or analysis of periapical lesions in small animals.
According to the QUADAS criteria, no article was classified as high quality, and the
majority was classified as being of low quality. The main reasons were the lack of
information with regard to the parameters used in image acquisition and
reconstruction, and in periapical lesion analysis, in addition to the lack of histological
analysis (gold standard).

We suggest that future articles should provide a detailed description of the
micro-tomographic parameters used for obtaining the images and analyzing periapical
lesions in small animals.

Conclusion
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From the assessed studies, it is clear that there is no defined protocol for acquiring and
analyzing micro-CT images of periapical lesions in rats and mice. Further, acquisition-
, reconstruction-, and analysis parameters are not adequately explained, which may

compromise the reproducibility and the scientific impact of the studies.
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3 PUBLICACAO 2

Acurécia da microtomografia computadorizada na analise do volume da lesao

periapical induzida experimentalmente em camundongos

*Esta publicacdo esté estruturada de acordo com o Guia de Normalizacao de Trabalhos Académicos
da Biblioteca da Faculdade de Odontologia de Araraquara. Disponivel no site:
http://www.foar.unesp.br/Home/Biblioteca/guia-normalizacao-marco-2015.pdf
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Resumo

O objetivo deste estudo foi avaliar a acuracia da microtomografia
computadorizada (micro-CT) na analise do volume da lesdo periapical induzida
em dentes de camundongos empregando como padrao ouro para comparacao
os valores de volume obtidos por meio de estereologia aplicada a dados
histoldgicos. A leséo periapical foi induzida nos primeiros molares inferiores de
camundongos. ApoOs 14 dias, os animais foram eutanasiados, as
hemimandibulas removidas (n=28) e escaneadas em microtomodgrafo (Skyscan
1176 in vivo, Kontich, Bélgica). Para andlise histolégica da lesdo periapical, as
hemimandibulas foram descalcificadas e submetidas ao processamento
histotécnico. A area da lesédo periapical da raiz distal dos molares foi mensurada
em cortes histolégicos empregando o programa Image J. A partir dos valores
obtidos, foi calculado o volume da leséo periapical por meio do principio de
Cavalieri e, em seguida, foi aplicado o fator de correcéo ao volume obtido. Para
calcular o volume de lesdo periapical na micro-CT, as imagens
microtomograficas no plano sagital foram anguladas seguindo a angulagéo das
imagens obtidas nos cortes histoldégicos. O volume da lesdo periapical foi
mensurado empregando o programa CTAn (Skyscan). Todas as medidas foram
realizadas por um avaliador previamente calibrado em dois momentos distintos.
Os dados foram analisados por meio do teste t pareado e do coeficiente de
correlacao intraclasse (ICC) empregando nivel de significancia de 5%. Os
resultados preliminares mostraram que ndo houve diferenca estatisticamente
significante entre o volume da lesao periapical obtido por ambas as metodologias
(p=0,642). O ICC (0,956) indicou alta concordancia entre o volume da lesdo
periapical obtido histologicamente e por micro-CT. Com base nos resultados
preliminares pode-se concluir que a micro-CT pode ser considerada uma
metodologia precisa para a analise do volume da lesdo periapical em
camundongos. Em uma etapa futura as mensuracbes do volume da lesao

periapical serdo efetuadas por outros dois avaliadores calibrados.

Palavras-chave: Periapical periodontite. Microtomografia por raio-X.
Endodontia. Roedores.
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Introducéo

Leséo periapical € uma alteracéo dos tecidos periapicais causada pela
infeccdo bacteriana persistente no sistema de canais radiculares (Ricucci,
Siqueira?*, 2010). As proteinas liberadas por essas bactérias estimulam uma
resposta do hospedeiro causando inflamacdo e destruicdo dos tecidos
mineralizados e ndo mineralizados da regido periapical (Graves et al.1%, 2011).
Ratos e camundongos tém sido amplamente utilizados em estudos da
patogénese da lesdo periapical experimentalmente induzida (Matsui et al.®,
2011; Wang et al.®%, 2011; Garlet et al.®, 2010; Silva et al.?®, 2011; Maciel et al.*’,
2012; Ma et al.*6, 2013; Sousa et al.?8, 2014; Rider et al.?°, 2016). A reabsorcéo
Ossea periapical em camundongos pode ser avaliada por meio de histologia,
radiografias digital e convencional e microtomografia computadorizada (micro-
CT).

Embora a histologia seja considerada padrao ouro para analise da lesédo
periapical (von Stechow et al.34, 2003), o processamento histolégico necessita
de longos periodos para execucdo, leva a destruicdo da amostra e permite a
andlise de lesdo periapical em um Unico plano (Balto et al.2, 2000; von Stechow
et al.34, 2003).

Na radiografia as imagens bidimensionais ndo permitem andlise da
espessura do 0sso e do volume da lesdo periapical (von Stechow et al.34, 2003),
além de haver sobreposicao de estruturas anatdmicas o que pode gerar imagem
imprecisa da lesdo (de Paula-Silva et al.”, 2009). Além disso, as radiografias em
pequenos roedores, como camundongos, se tornam inviaveis para a analise da
les&o periapical devido ao tamanho reduzido das estruturas anatdmicas destes
animais (Kalatzis-Sousa et al.'4, 2016).

Ja& a micro-CT permite detectar e quantificar a reabsorcdo Ossea
periapical em camundongos (Kalatzis-Sousa et al.'4, 2016) devido a alta
resolucdo de imagens (Cavanaugh et al.4, 2004). Esta metodologia requer tempo
reduzido quando comparado ao tempo necessario para a obtengcdo de cortes
histolégicos, ndo leva a destruicdo da amostra (Balto et al.2, 2000) e permite a
analise da lesdo periapical em diferentes planos como coronal, sagital e axial

(Sun et al.?1, 2014; Yang et al.38, 2014). Além disso, o exame microtomografico
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pode ser realizado em animais vivos permitindo analise da evolucédo da doenca
ou de tratamentos realizados (Vande Velde et al.®3, 2016).

Estudos empregando a micro-CT para avaliar a leséo periapical em ratos
e camundongos tém sido relatados na literatura (Balto et al.2, 2000; von Stechow
et al.®4, 2003; Sun et al.®!, 2014; Yang et al.®®, 2014; Sousa et al.?®, 2014; de
Oliveira et al.%, 2015; Hao et al.*?, 2015). A maioria dos estudos que avaliaram a
les&o periapical por meio de micro-CT mensuraram a area da leséo (Balto et al.2,
2000, von Stechow et al.**, 2003; Sousa et al.?8, 2014; de Oliveira et al.?, 2015)
e alguns avaliaram o volume (von Stechow et al.34, 2003; Sun et al.3!, 2014; Yang
et al.*8, 2014). De acordo com Spin-Neto et al.?° (2011) o ideal € medir o volume
e ndo a area do objeto, pois a mensuracao da area da parte central do objeto
pode levar a resultados incorretos devido a irregularidade da forma do objeto.

A literatura tem mostrado que o volume da lesé@o periapical obtido por
meio de micro-CT apresenta alta correlacdo com a area da lesdo mensurada em
cortes histoldgicos (von Stechow et al.34, 2003; Sun et al.3%, 2014; Yang et al.%,
2014). No entanto, ndo ha evidéncias cientificas que comprovem que a micro-
CT é um método preciso para avaliar o volume da lesdo periapical em
camundongos.

Desta forma, o objetivo deste estudo foi avaliar a acuracia da micro-CT
na analise do volume da lesao periapical induzida experimentalmente em dentes
de camundongos, empregando como padrdo ouro para comparacao valores de

volume obtidos por estereologia aplicada a cortes histologicos.

Material e Método

Os protocolos experimentais desse trabalho foram aprovados pela
Comissdo de Etica no Uso de Animais da Faculdade de Odontologia de
Araraquara - UNESP (CEUA-FOAr N° 45/2014 — Anexo C). Foram utilizados 14
camundongos wild-type (WT) da linhagem C57BL/6, machos (de 6 a 8 semanas
de idade, pesando em média 23 gramas). Os camundongos foram mantidos em
gaiolas adequadas com temperatura (22+2°C) e umidade relativa do ar

(55+10%) constantes, com dieta padrao de laboratério e livre acesso a agua.

Célculo do tamanho da amostra
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O tamanho da amostra para estimar o coeficiente de correlacéo
intraclasse (ICC) foi calculado de acordo com Zou®® (2012). O tamanho minimo
da amostra com poder do teste de 80% e nivel de significancia de 5% foi
identificado como 26.

Inducéo da Lesao Periapical

A indugéo da lesédo periapical foi realizada seguindo o protocolo de
Sousa et al.?® (2014). Os camundongos foram anestesiados por injecédo
intramuscular de cloridrato de Ketamina a 10% (150 mg/kg de peso corporal) e
2% de cloridrato de Xilazina (7,5 mg/kg de peso do corpo) na coxa. A abertura
coronaria dos primeiros molares inferiores foi realizada pela face oclusal, com
broca esférica de aco inoxidavel (n° 1/4 - KG Sorensen Ind. Com. Ltda., Barueri,
SP), montada em motor elétrico (Dentec 405 N; Dentec Ind. Com. Ltda, SP). Em
seguida, os canais radiculares foram localizados e a polpa removida com uma
lima do tipo Kerr 10 (Les Fils d’Auguste Maillefer S/A, Suica) e os canais
radiculares permaneceram abertos para a contaminacao. Apos o periodo de 14
dias, os animais foram eutanasiados com sobredose anestésica. As mandibulas
foram removidas, dissecadas e fixadas por imersdo em formol tamponado a 10%
por 24 horas em temperatura ambiente e mantidas em alcool 70% até o
escaneamento microtomografico.

Micro-CT

Cada mandibula foi separada em duas hemimandibulas totalizando 28
hemimandibulas que foram escaneadas em microtomografo SkyScan (Skyscan
1176 in vivo, Kontich, Bélgica). Para a selecdo dos parametros de aquisicao foi
tomado como base o manual do microtomografo que indica o uso de filtro de
aluminio de 0,5mm e voxel de 18um para tecidos ésseos de camundongos. Por
consequéncia a kilovoltagem (kV), a amperagem e o tempo de exposi¢céo foram
50kV, 500pA e 300ms respectivamente (padronizagdo do aparelho). Foram
usados a rotacao de 180°, frame de 3 e passos de rotacdo de 0,5°. Em seguida,
as imagens foram transportadas para o programa NRecon v.1.6.6.0 (Skyscan) e
reconstruidas usando valores especificos para os parametros de smoothing
(0%), beam-hardening correction (2%), ring artifact reduction (2%) and gray
dataset (0.000000-0.112000). Estes valores foram definidos utilizando a
ferramenta "fine turning...". que permite avaliar cada valor dos parametros de

reconstrucao possibilitando a selecédo da imagem com menor quantidade de
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ruidos/ artefatos. No programa Dataviewer, as imagens foram orientadas nos
planos coronal, axial e sagital de maneira a obter orientacdo das imagens
microtomograficas semelhante a orientacdo das imagens histologicas
correspondentes. Estas orientacdes foram realizadas seguindo os eixos X (linha
azul), Y(linha verde) e Z (linha vermelha), conforme mostrado na Figura 1.
Depois de orientadas, as imagens do plano sagital foram salvas e transportadas
para o programa CTAnN (Skyscan) para analise do volume da lesdo periapical na
raiz distal do 1° molar inferior. A selecdo dos cortes microtomograficos utilizados
para mensuracdo do volume da lesdo periapical foi baseada nos cortes
histoldgicos correspondentes. A quantidade média de imagens/cortes
microtomograficos utilizados para cada espécime foi de 36 que correspoderam
a extensao de toda a lesado periapical envolvendo a raiz. Nao foram selecionados
cortes que ndo mostravam estrutura radicular, pois a area radiolicida sem
apresenca da raiz como referencial poderia ser confundida com ligamento
periodontal. No programa CTAnN (Skyscan) foi utilizado a ferramenta "COLOR"
para facilitar a visualizacdo e delimitacdo da margem da lesdo periapical por
meio do ROI (regido de interesse) personalizado. Foram utilizados os valores de
threshold de 0 e 45 e o valor do volume da leséo periapical em mm? foi anotado.
Todas as medidas foram realizadas por um avaliador previamente calibrado em
dois momentos distintos em um intervalo de 2 semanas (Ahlowalia et al.t, 2013).

Em uma etapa futura os mensura¢ées do volume da lesdo periapical

serdo efetuadas por outros dois avaliadores calibrados.
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Figura 1 - Orientagdo das imagens microtomogréaficas nos planos axial (A), coronal (B)
e sagital (C) obtendo imagens microtomografica no plano sagital orientada de forma
semelhante a imagem histolégica correspondente (D). Delimitacdo da leséo periapical
na imagem microtomogréfica empregando o ROI (regido de interesse) personalizado
(E) e delimitacédo da lesdo na imagem do corte histolégico correspondente (F) (tracado
verde). As linhas verde, azul e vermelho correspondem aos eixos Y, X e Z
respectivamente. Barra: D = 500um; F = 300um.

Fonte: Autoria propria
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Processamento Histotécnico

Apés a reconstrucdo das imagens microtomogréaficas, as hemimandibulas
foram descalcificadas em solucdo de acido etilenodiamino tetra-acético (EDTA) a
4,13%, em pH 7-7,4, a 6°C trocada semanalmente durante 30 dias. Os espécimes
foram submetidos ao processamento histotécnico de rotina, sendo lavadas em agua
corrente por 24 horas, desidratadas em concentragdes crescentes de alcool etilico
(80%, 95% por 30 minutos cada e 100% em quatro trocas de 1 hora cada),
diafanizadas em xilol (com 3 banhos de 30 minutos cada) e embebidos em parafina.
Os blocos foram cortados longitudinalmente na dire¢do mesio-distal obtendo-se cortes
seriados, paralelos de 6um de toda a extensdo da lesdo periapical. Para cada
espécime foi obtida uma média de 87 cortes histologicos. Os cortes foram
fotografados utilizando camara digital (DP-71, Olympus, Japao) acoplada a um
microscoépio de luz convencional (BX-51, Olympus, Japao) em aumento de 65x.

A area da leséo periapical de cada corte foi mensurada por meio do programa
Image J (1.48h, National Institutes of Health,NIH, Bethesda, Maryland, USA). A
guantidade média de cortes mensurados por espécime foi de 29. Optamos por
mensurar a lesdo periapical em um corte e “pular’ dois cortes para teoricamente
utilizar um corte histolégico (6um) para cada corte microtomografico que apresenta
18um de espessura. Isto para que o erro do método que ocorre durante as
mensuracdes fosse o mesmo para as duas metodologias (histologia e micro CT).
Todas as medidas foram realizadas em dois momentos distintos com um intervalo de
2 semanas por um avaliador previamente calibrado (Ahlowalia et al.t, 2013).

O volume da lesao periapical foi calculado utilizando estereologia aplicada aos
dados histolégicos por meio do principio de Cavalieri; foi efetuada multiplicacdo da
area da lesao periapical obtida de cada corte histolégico pela distancia do mesmo, e
em seguida, foi somado volume de todos os valores obtendo o volume total da leséo
(Raida et al.?3, 2012). Ap6s a obtencdo do volume da lesdo periapical foi realizado o
célculo e a aplicacdo do fator de correcdo (Quester et al.??, 1997). Inicialmente foi
calculado a espessura do total dos cortes microtomograficos (ETMCT) e a espessura

total dos cortes histologicos (ETH) seguido do calculo do fator de correcéo (FC):

ETMCT = nUmero total de cortes microtomograficos X tamanho do voxel

ETH = namero total de cortes histolégicos X espessura do corte histolégico
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_ ETMCT
" ETH

O FC foi calculado para cada espécime e em seguida, foi determinado o FC
médio. O FC médio de 1,27 foi aplicado ao volume da lesdo obtido pelo principio de
Cavalieri. ApGs a obtencédo dos valores finais do volume da lesdo periapical estes

foram comparados com o volume da leséo periapical obtido por micro-CT.

Andlise estatistica

Os dados obtidos foram analisados por meio do programa estatistico Graph
Pad Prism 5 (GraphPad Software Inc., San Diego, CA.) e SPSS verséao 20. O teste t
pareado foi utilizado para avaliar a diferenca entre o volume da leséo periapical obtido
por meio de micro-CT e por meio de cortes histoldgicos. O coeficiente de correlagédo
intra-classe (ICC) foi usado para avaliar a reprodutibilidade intraexaminador e a
concordancia entre os metodos de avaliacdo do volume da lesado periapical. O modelo
estatistico empregado para estimar o ICC foi analise de variancia com efeitos mistos

(two-way mixed ANOVA model). Foi adotado o nivel de significancia de 5%.

Resultados preliminares

O ICC intraexaminador foi de 0,99 para o volume da leséo periapical obtido
em micro-CT e de 0,982 para os valores de volume obtidos nos cortes histolégicos.
Os resultados mostraram que nao houve diferenca estatisticamente significativa entre
o volume da lesdo periapical obtido por estereologia aplicada a cortes histolégicos e
por meio de micro-CT (p=0,642). O ICC comparando os resultados da mensuragao
das duas técnicas foi de 0,956 indicando alta concordancia entre o volume da leséo

periapical obtido em cortes histologicos e por micro-CT (Tabela 1).
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Tabelal - Médias e desvios padrdes do volume da leséo periapical (mm?) obtidos por meio
de avaliacao histolégica e microtomogréfica, valor de p para o teste t pareado e coeficiente de
correlacéo intraclasse (ICC)

Histologia Histologia
Histologia Micro-CT vs Micro-CT vs Micro-CT
(valor de p) (ICC)
. 0,0968 0,0978
Medidas (0.0287) (0.0267) 0, 642 0,956

Micro-CT= microtomografia
Fonte: Autoria prépria
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Discussao

O proposito desse estudo foi avaliar a acuracia da micro-CT na analise do
volume de lesbes periapicais induzidas em dentes de camundongos empregando
como padrao ouro os valores de volume obtidos primeiro de estereologia aplicada a
cortes histoldgicos.

A histologia € o método mais utilizado para avaliacdo da leséo periapical (de
Oliveira et al.5, 2015). Contudo, é uma metodologia que permite a avaliacéo
bidimensional da leséo (Balto et al.3, 2000) e em um Unico plano (Mdller et al.?°, 1998).
Apesar de ser um método bidimensional, a histologia de tecido 6sseo tem boa
correlacdo com a arquitetura tridimensional (Thomsen et al.3?, 2005) sendo possivel
obter o volume de estruturas por meio de estereologia aplicada aos dados obtidos em
cortes histolégicos (Mandarim-de-Lacerda®, 2003; Thomsen et al.3?, 2005).

A estereologia baseada em histomorfometria é considerada padréo ouro para
morfometria 6ssea (Muller et al.?%, 1998; Howard, Reed'?® 2010), sendo considerada
mais precisa do que as andlises morfométricas bidimensionais (Noorafshan?! 2012).
O uso da estereologia em estudos quantitativos exige o uso de poucos cortes
histol6égicos para mensuracdo obtendo-se, mesmo assim, uma boa acuracia
(Gundersen e Jensen!! 1987).

No nosso trabalho utilizamos uma média de 29 cortes histologicos para a
analise do volume da lesdo periapical empregando o do principio de Cavalieri. De
acordo com Gundersen e Jensen!! (1987), de maneira geral, o uso de 10 cortes
poderia ser suficiente para a realizacdo da estereologia de objetos irregulares. No
entanto, optamos por mensurar a lesdo periapical em um corte histologico e “pular”
dois cortes para teoricamente utilizar um corte histolégico (6um) para cada corte
microtomografico que apresenta 18um de espessura. Isto para que o erro do método
qgue ocorre durante as mensuracdes fosse 0 mesmo para as duas metodologias
(histologia e micro CT). Além disso, 0 uso de uma quantidade maior de cortes
histologicos implica em intervalos de cortes menores e consequentemente
caracteristicas importantes das estruturas a serem analisadas estardo presentes
(West3” 2013), o que pode levar a uma andlise mais precisa do espécime (Gundersen
e Jensen'! 1987).

O principio de Cavalieri € um método estereoldgico (Mandarim-de-Lacerda'®,

2003) usado para calcular o volume de objetos irregulares (Gundersen, Jensen'?,
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1987), como a lesdo periapical. Para a estimativa do volume correto do objeto &
necessario que todos os cortes do espécime sejam paralelos entre si, a distancia entre
os cortes seja conhecida e a posicdo do primeiro corte seja aleatério (Raida et al.?3,
2012). Estas condi¢cdes foram respeitadas no presente estudo.

Um fenbmeno observado nas amostras submetidas ao processamento
histotécnico é a alteracédo dimensional dos espécimes (Bahr et al.2, 1957; Steigman et
al.3°, 1984; Quester et al.??, 1997; Weisbecker3® 2012). As etapas do processamento
histolégico como a fixacdo, desmineralizacdo, desidratacdo e inclusdo levam ao
encolhimento do espécime (Bahr et al.?, 1957; Steigman et al.3°, 1984; Quester et al.??,
1997) que é em torno de 25% para 0s espécimes submetidos ao processamento
histotécnico com inclusdo em parafina. Esta distorcdo pode ser corrigida por meio do
uso do fator de correcdo (Quester et al.??, 1997).

Para a obtencdo das imagens microtomograficas e andlise da leséo periapical
devem ser empregados parametros adequados de aquisicdo, reconstrucdo das
imagens e andlise da lesdo, uma vez que a escolha de parametros inadequados pode
levar a valores ndo verdadeiros da dimensado da lesdo periapical (Kalatzis-Sousa et
al.*4, 2016). Em nosso estudo esses parametros foram padronizados tomando como
base o manual do préprio aparelho que indica o uso de filtro de aluminio de 0,5mm e
voxel de 18um para tecidos 6sseos de camundongos. Por consequéncia a kV, a pA e
o tempo de exposicao foram 50, 500 e 300ms respectivamente. Para reduzir o tempo
de escaneamento e a radiacdo foram usados a rotacédo de 180°, frame de 3 e passos
de rotacdo de 0,5° (SkyScan...??, 2011). A literatura mostra que o uso da rotacéo
parcial (180°) pode levar a reducdo de 50-73% da dose da radiagdo em comparacao
com uma rotagdo completa (360°) (Cook et al.>, 2015). No entanto, ambas as rotagcées
em CBCT podem produzir precisdo semelhante na deteccdo de lesbes Osseas
artificiais (Durack et al.8, 2011; Lennon et al.*®, 2011).

ApOs a aquisi¢do, as imagens microtomograficas séo reconstruidas. O uso de
parametros inadequados de reconstrucéo leva a distor¢do das margens do objeto, a
presenca de artefatos, alteragcdo do contraste da imagem e por consequéncia
alteracdo das caracteristicas da lesdo periapical (Kalatzis-Sousa et al.'4, 2016). Em
nosso estudo utilizamos os parametros 0% de smoothing, 2% de beam-hardening
correction, 2% de ring artifact reduction e 0.000-0.112 gray dataset que foram os que

levaram a imagem com menor quantidade de ruidos/artefatos.
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Para a mensuracao da lesdo periapical foi utilizado o ROI personalizado, ou
seja, a delimitagdo da leséo foi feita manualmente pelo avaliador. Nao foram
empregados os ROIs ndo personalizados como exemplo o retangular, redondo ou
poligonal, pois estes incluem regides que nao fazem parte da lesdo periapical como
ligamento periodontal, regi&o medular e canal radicular gerando valores né&o
verdadeiros da dimenséo da leséo periapical (Kalatzis-Sousa et al.'4, 2016).

Os resultados do presente estudo mostraram que ha uma alta concordancia
entre o volume da lesédo periapical obtido em micro-CT e o volume da leséo obtido por
meio de estereologia aplicada a valores histomorfométricos. Na literatura, ha estudo
que comparou a area da lesdo periapical obtida histomorfometricamente com a area
da lesdo obtida em micro-CT, mostrando alta correlacdo entre as metodologias (Balto
et al.3, 2000). Por outro lado de Oliveira et al.® (2015) encontraram fraca correlagdo
entre a area da lesdo periapical obtida histomorfometricamente com a area
mensurada em micro-CT. Outros estudos correlacionaram a area da lesédo periapical
obtida histomorfometricamente com o volume da lesdo periapical obtido em micro-CT
(von Stechow et al.®*, 2003; Sun et al.®!, 2014; Yang et al.38, 2014; de Oliveira et al.®,
2015). A maioria deles encontrou alta correlacdo entre area mensurada nos cortes
histolégicos com o volume mensurado na micro-CT (von Stechow et al.®4, 2003; Sun
et al.®1, 2014; Yang et al.*8, 2014). Apenas de Oliveira et al.6 (2015) encontraram fraca
correlacdo entre area da lesdo mensurada em cortes histolégicos com o volume da
leséo obtidos em micro-CT. No entanto, nenhum estudo comparou volume da leséo
obtido por cortes histolégicos com o volume obtido em micro-CT.

Os resultados preliminares do presente trabalho permitiram concluir que a
micro-CT é uma metodologia precisa para a analise do volume da leséo periapical em
camundongos. Em etapa futura as mensuracdes do volume da lesdo periapical serdo

efetuadas por outros dois avaliadores calibrados.



72

Referéncias

1.

10.

11.

12.

13.

14.

15.

Ahlowalia MS, Patel S, Anwar HM, Cama G, Austin RS, Wilson R, et al.
Accuracy of CBCT for volumetric measurement of simulated periapical lesions.
Int Endod J. 2013; 46(6): 538-46.

Bahr GF, Bloom G, Friberg U. Volume changes of tissues in physiological fluids
during fixation in osmium tetroxide or formaldehyde and during subsequent
treatment. Exp Cell Res. 1957; 12(2): 342-55.

Balto K, Miller R, Carrington DC, Dobeck J, Stashenko P. Quantification of
periapical bone destruction in mice by micro-computed tomography. J Dent
Res. 2000; 79(1): 35-40.

Cavanaugh D, Johnson E, Price RE, Kurie J, Travis EL, Cody DD. In vivo
respiratory-gated micro-CT imaging in small-animal oncology models. Mol
Imaging. 2004; 3(1): 55-62.

Cook VC, Timock AM, Crowe JJ, Wang M, Covell DA, Jr. Accuracy of alveolar
bone measurements from cone beam computed tomography acquired using
varying settings. Orthod Craniofac Res. 2015; 18(1): 127-36.

de Oliveira KM, Silva RA, Kuchler EC, Queiroz AM, Nelson Filho P, da Silva LA.
Correlation between histomorphometric and micro-computed tomography
analysis of periapical lesions in mice model. Ultrastruct Pathol. 2015; 39(3):
187-91.

de Paula-Silva FW, Wu MK, Leonardo MR, da Silva LA, Wesselink PR.
Accuracy of periapical radiography and cone-beam computed tomography
scans in diagnosing apical periodontitis using histopathological findings as a
gold standard. J Endod. 2009; 35(7): 1009-12.

Durack C, Patel S, Davies J, Wilson R, Mannocci F. Diagnostic accuracy of
small volume cone beam computed tomography and intraoral periapical
radiography for the detection of simulated external inflammatory root resorption.
Int Endod J. 2011; 44(2): 136-47.

Garlet TP, Fukada SY, Saconato IF, Avila-Campos MJ, da Silva TA, Garlet GP,
et al. CCR2 deficiency results in increased osteolysis in experimental periapical
lesions in mice. J Endod. 2010; 36(2): 244-50.

Graves DT, Oates T, Garlet GP. Review of osteoimmunology and the host
response in endodontic and periodontal lesions. J Oral Microbiol. 2011 Jan 17;
3. [Epub ahead of print]

Gundersen HJ, Jensen EB. The efficiency of systematic sampling in stereology
and its prediction. J Microsc. 1987; 147(Pt 3): 229-63.

Hao L, Chen W, McConnell M, Zhu Z, Li S, Reddy M, et al. A small molecule,
odanacatib, inhibits inflammation and bone loss caused by endodontic disease.
Infect Immun. 2015; 83(4): 1235-45.

Howard CV, Reed MG. Unbiased stereology: three-dimensional measurement
in microscopy. 2nd. Ed. Liverpool: QTP; 2010.

Kalatzis-Sousa NG, Spin-Neto R, Wenzel A, Tanomaru-Filho M, Faria G. Use
of micro-computed tomography for the assessment of periapical lesions in small
rodents: a systematic review. Int Endod J. 2016 Mar 19. [Epub ahead of print]
Lennon S, Patel S, Foschi F, Wilson R, Davies J, Mannocci F. Diagnostic
accuracy of limited-volume cone-beam computed tomography in the detection
of periapical bone loss: 360 degrees scans versus 180 degrees scans. Int
Endod J. 2011; 44(12): 1118-27.



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

73

Ma J, Chen W, Zhang L, Tucker B, Zhu G, Sasaki H, et al. RNA interference-
mediated silencing of Atp6i prevents both periapical bone erosion and
inflammation in the mouse model of endodontic disease. Infect Immun. 2013;
81(4): 1021-30.

Maciel KF, Neves de Brito LC, Tavares WL, Moreira G, Nicoli JR, Vieira LQ, et
al. Cytokine expression in response to root canal infection in gnotobiotic mice.
Int Endod J. 2012; 45(4): 354-62.

Mandarim-de-Lacerda CA. Stereological tools in biomedical research. An Acad
Bras Cienc. 2003; 75(4): 469-86.

Matsui H, Yamasaki M, Nakata K, Amano K, Nakamura H. Expression of MMP-
8 and MMP-13 in the development of periradicular lesions. Int Endod J. 2011;
44(8): 739-45.

Muller R, Van Campenhout H, Van Damme B, Van Der Perre G, Dequeker J,
Hildebrand T, et al. Morphometric analysis of human bone biopsies: a
quantitative structural comparison of histological sections and micro-computed
tomography. Bone. 1998; 23(1): 59-66.

Noorafshan A. Stereology as a valuable tool in the toolbox of.testicular
research. Annals of Anatomy-Anatomischer Anzeiger. 2014; 196(1): 57-66.
Quester R, Schroder R. The shrinkage of the human brain stem during formalin
fixation and embedding in paraffin. J Neurosci Methods. 1997; 75(1): 81-9.
Raida Z, Hundahl CA, Kelsen J, Nyengaard JR, Hay-Schmidt A. Reduced
infarct size in neuroglobin-null mice after experimental stroke in vivo. Exp Transl
Stroke Med. 2012; 4(1): 15.

Ricucci D, Siqueira JF, Jr. Biofilms and apical periodontitis: study of prevalence
and association with clinical and histopathologic findings. J Endod. 2010; 36(8):
1277-88.

Rider D, Furusho H, Xu S, Trachtenberg AJ, Kuo WP, Hirai K, et al. Elevated
CD14 (cluster of differentiation 14) and toll-like receptor (TLR) 4 signaling
deteriorate periapical inflammation in TLR2 deficient mice. Anat Rec (Hoboken).
2016; Jun 17.

Silva MJ, Sousa LM, Lara VP, Cardoso FP, Junior GM, Totola AH, et al. The
role of INOS and PHOX in periapical bone resorption. J Dent Res. 2011; 90(4):
495-500.

SkyScan 1176: in vivo X-Ray microtomograph: instruction manual. [internet]
Kontich: SkyScan: 2011; J[acesso 2013 jan 10] Dispovivel em:
http://umanitoba.ca/faculties/medicine/units/cacs/sam/media/1176UserManual.
pdf.]

Sousa NG, Cardoso CR, Silva JS, Kuga MC, Tanomaru-Filho M, Faria G.
Association of matrix metalloproteinase inducer (EMMPRIN) with the
expression of matrix metalloproteinases-1, -2 and -9 during periapical lesion
development. Arch Oral Biol. 2014; 59(9): 944-53.

Spin-Neto R, Marcantonio E, Jr., Gotfredsen E, Wenzel A. Exploring CBCT-
based DICOM files. A systematic review on the properties of images used to
evaluate maxillofacial bone grafts. J Digit Imaging. 2011; 24(6): 959-66.
Steigman S, Weinreb M, Jr., Michaeli Y. Histomorphometric evaluation of the
dimensional changes in rat-incisor tissues following histological processing and
embedding in paraffin wax and glycol methacrylate. Arch Oral Biol. 1984; 29(5):
395-8.



31.

32.

33.

34.

35.

36.

37.

38.

39.

74

Sun Z, Wang L, Peng B. Kinetics of glycogen synthase kinase (GSK)3beta and
phosphorylated GSK3beta (Ser 9) expression in experimentally induced
periapical lesions. Int Endod J. 2014; 47(12): 1107-16.

Thomsen JS, Laib A, Koller B, Prohaska S, Mosekilde L, Gowin W. Stereological
measures of trabecular bone structure: comparison of 3D micro computed
tomography with 2D histological sections in human proximal tibial bone
biopsies. J Microsc. 2005; 218(Pt 2): 171-9.

Vande Velde G, Poelmans J, De Langhe E, Hillen A, Vanoirbeek J, Himmelreich
U, et al. Longitudinal micro-CT provides biomarkers of lung disease that can be
used to assess the effect of therapy in preclinical mouse models, and reveal
compensatory changes in lung volume. Dis Model Mech. 2016; 9(1): 91-8.

von Stechow D, Balto K, Stashenko P, Muller R. Three-dimensional quantitation
of periradicular bone destruction by micro-computed tomography. J Endod.
2003; 29(4): 252-6.

Wang L, Zhang R, Xiong H, Peng B. The involvement of platelet-derived growth
factor-A in the course of apical periodontitis. Int Endod J. 2011; 44(1): 65-71.
Weisbecker V. Distortion in formalin-fixed brains: using geometric
morphometrics to quantify the worst-case scenario in mice. Brain Struct Funct.
2012; 217(2): 677-85.

West MJ. Getting started in stereology. Cold Spring Harb Protoc. 2013; 2013(4):
287-97.

Yang S, Zhu L, Xiao L, Shen Y, Wang L, Peng B, et al. Imbalance of interleukin-
17+ T-cell and foxp3+ regulatory T-cell dynamics in rat periapical lesions. J
Endod. 2014; 40(1): 56-62.

Zou GY. Sample size formulas for estimating intraclass correlation coefficients
with precision and assurance. Stat Med. 2012; 31(29): 3972-81.



75

4 DISCUSSAO

Embora considerado padrdo ouro para a andlise de lesbes periapicais (von
Stechow et al.>®, 2003), o método histol6gico é considerado limitante por se tratar de
uma metodologia invasiva e destrutiva na qual a amostra fica inutilizada para que
sejam realizadas analises em outros planos (Mller et al.?®3°, 1996, 1998). J& a micro
CT, metodologia ndo destrutiva, além de possibilitar a analise em diferentes planos
(Balto et al.2, 2000), apresenta como um de seus principais beneficios demandar
menor tempo de execucdo para a obtencdo dos dados. Em ambas é possivel obter,
além do célculo da area da leséo, o volume da mesma.

Entretanto, ndo existem evidéncias cientificas, até o presente momento, que
comprovem a precisao e eficacia do micro CT para avaliacdo do volume da leséo
periapical em ratos e camundongos. A correlacdo da area da leséo periapical obtida
de cortes histoldégicos com o volume da leséo obtido de imagens microtomogréficas é
0 que se tem em estudos anteriores ja realizados sobre o assunto.

Em funcédo da irregularidade da forma do objeto, Spin-Neto et al.*> (2011)
indicam que o ideal é realizar a mensuracéo do volume deste, e ndo da sua area, pois
medir a area da parte central desse objeto pode levar a resultados incorretos.

De acordo com Thomsen et al.®® (2005), embora seja um método
bidimensional, a histologia de tecido 6sseo tem boa correlagdo com a arquitetura
tridimensional. E possivel, por meio de estereologia aplicada aos cortes histolégicos,
obter o volume das estruturas (Mandarim-de-Lacerda®®, 2003; Thomsen et al.>!,
2005). Esta metodologia é considerada padréo ouro para morfometria 6ssea (Muller
et al.*%, 1998; Howard, Reed'® 2010).

No presente estudo, optou-se por utilizar 1 corte histolégico de 6um para cada
corte microtomogréafico de 18um, embora Gundersen e Jensen'4 (1987) mostram que
o uso de 10 cortes seriam suficientes para a realizacdo da estereologia. Enquanto que
West>® (2013) afirma que o uso de uma quantidade maior de cortes histol6gicos
implica em intervalos de cortes menores e conseguentemente caracteristicas
importantes das estruturas a serem analisadas estarao presentes.

O principio de Cavalieri € um método estereoldgico (Mandarim-de-Lacerda?®,
2003) usado para calcular o volume de objetos irregulares (Gundersen, Jensen'4,
1987), como a leséo periapical. De acordo com Raida et al.*® (2012) a fim de se
realizar uma estimativa correta do volume do objeto, é necessario que todos os cortes

do espécime sejam paralelos entre si, a distancia entre os cortes seja conhecida e a
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posi¢cdo do primeiro corte seja aleatoria, condi¢cdes estas que foram rigorosamente
respeitadas no presente estudo.

Quando se realiza uma mensuracdo de lesdo periapical de imagens
microtomograficas é necessario o uso de parametros que, durante o processo de
aquisicdo, reconstrucdo e analise das imagens microtomograficas, podem ter
influéncia direta sobre as caracteristicas finais da imagem (van Vlijmen et al.>*, 2011).

Na literatura, entretanto, ndo se encontram informac6es delimitadoras quanto
aos parametros utilizados na aquisicdo das amostras (tipo e a espessura do filtro,
tamanho do voxel, kV, YA, tempo de exposicdo e de escaneamento, passos de
rotacao, frame, rotacao de 180° ou 360° e tipo de plano - axial, coronal e sagital), na
reconstrucdo das imagens (smoothing, beam hardening correction, ring artifact
reduction and grayscale dataset) e na analise da leséo periapical (plano de orientacao,
tipo de ROI - regido de interesse e valores de threshold). A definicdo dos respectivos
pardmetros apresentou-se como tendo sido realizada de maneira quase arbritraria,
guando imagens microtomogréficas sdo usadas para a avaliacdo de lesdes periapicais
em ratos e camundongos. A falta de padronizacao pode levar a obtencéo de diferentes
valores de tamanho da lesdo periapical e consequentemente comprometer a
reprodutibilidade e a validade das medidas das imagens (Spin-Neto et al.*®, 2011).

Assim, na revisdo sisteméatica realizada, mostrou-se que ndo existe um
protocolo definido quanto a aquisi¢cdo e analise das imagens da lesdo periapical em
camundongos. Além disso, os parametros de aquisi¢cao, reconstrucdo e analise nao
foram relatados adequadamente nos estudos que avaliaram a lesdo periapical,
podendo comprometer o impacto cientifico dos estudos.

No presente estudo, o manual do préprio aparelho foi utilizado como base
para padronizacdo desses parametros, que indica o uso de filtro de aluminio de 0,5mm
e voxel de 18um para tecidos 6sseos de camundongos. Dessa forma, a kV, a yA e o
tempo de exposi¢ao foram 50, 500 e 300ms, respectivamente.

A fim de se reduzir o tempo de escaneamento e a radiagdo foram usados a
rotacdo de 180°, frame de 3 e passos de rotacdo de 0,5° (SkyScan#?, 2011). O uso da
rotacao parcial (180°), de acordo com a literatura, pode levar a reducéo de 50-73% da
dose da radiacdo em comparacdo com uma rotagdo completa (360°) (Cook et al.’,
2015). Ambas as rotacbes, entretanto, em CBCT, podem produzir precisao
semelhante na deteccédo de lesdes 6sseas artificiais (Durack et al.*?, 2011; Lennon et
al.?%, 2011).
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As imagens microtomograficas sdo reconstruidas logo apos a aquisi¢cdo. Na
revisdo sistematica realizada, mostrou-se que o uso de parametros inadequados de
reconstrucdo leva a distorcdo das margens do objeto, a presenca de artefatos,
alteracdo do contraste da imagem e por consequéncia alteracdo das caracteristicas
da leséo periapical. Assim, no presente estudo, utilizou-se os parametros 0% de
smoothing, 2% de beam-hardening correction, 2% de ring artifact reduction e 0.000-
0.112 gray dataset que geraram imagens com menor quantidade de ruidos/artefatos.

ROI personalizado foi utilizado para a mensuracdo da lesdo periapical, ou
seja, delimitou-se manualmente a leséo pelo avaliador. ROIs ndo personalizados
como o retangular, o redondo ou o poligonal, ndo foram empregados, pois na revisdo
sistematica observou-se que estes incluem regides que nao fazem parte da lesdo
periapical como ligamento periodontal, regido medular e canal radicular, gerando
valores ndo verdadeiros da dimenséo da leséo periapical.

Assim, no presente trabalho, analisou-se o volume da lesé&o periapical por
meio de estereologia a partir de cortes histolégicos, correlacionando-o com o volume
da lesdo periapical obtido por microtomografia.

Resultados preliminares demonstraram que a micro CT se apresenta como
uma metodologia precisa para a mensuracdo do volume da lesdo periapical em

pequenos roedores.
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5 CONCLUSAO

e Arevisado da literatura (Publicacdo 1) mostrou que ndo ha um protocolo definido
para a aquisicdo, reconstrucdo e analise de imagens microtomograficas da
lesdo periapical em ratos e camundongos. Além disso, os parametros de
aquisicdo, reconstrucado e analise ndo foram relatados adequadamente nos
estudos que avaliaram a lesdo periapical por meio de micro CT, o que pode
comprometer a reproducdo e o impacto cientifico dos estudos.

¢ Na "Publicagao 2” os resultados preliminares mostraram que a micro-CT € uma
metodologia precisa para a analise do volume da lesdo periapical em
camundongos. Em etapa futura as mensuracdes do volume da lesdo periapical

seréo efetuadas por outros dois avaliadores calibrados.
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