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RESUMO

Os artefatos diminuem a qualidade de imagem da tomografia computadoriza de feixe
conico (TCFC) e influenciam negativamente o diagndstico de vérias condicdes. Portanto,
entender como se d4 sua produgdo ao redor de materiais de alta densidade e como atuam as
ferramentas que visam sua reducdo € fundamental para que suas consequéncias sejam
minimizadas. Os objetivos no presente estudo foram: 1, avaliar a produgdo de artefatos e o
desempenho da ferramenta de reducao de artefatos (FRA), habilitada antes ou apds a aquisi¢ao
das imagens de TCFC, nas corticais vestibular e lingual e em regides de osso medular e tecido
mole adjacentes a um implante dentdrio de zircOnia; 2, estudar a influéncia dos artefatos e da
FRA na avaliagdo estrutural do osso medular adjacente ao implante. Imagens de TCFC foram
adquiridas no aparelho OP300 Maxio antes (grupo controle) e apds (grupo implante) a insercao
de um implante de zircOnia na regido posterior de uma mandibula. Trés condi¢des de uso da
FRA foram testadas: “sem FRA”, “com FRA ativada apds a aquisicao” e “com FRA ativada
antes da aquisicdo”, sendo cada protocolo repetido 5 vezes. Para as avaliacdes, uma
reconstru¢do axial foi selecionada de forma padronizada e regides de interesse (ROIs) foram
determinadas sobre a cortical vestibular, cortical lingual, osso medular e regido de tecido mole
adjacentes ao implante. A andlise quantitativa da produgdo de artefatos foi realizada por meio
do software ImagelJ, a partir da obtencdo dos valores de voxel, desvio padrao (DP) e relacdo
contraste-ruido (CNR) das ROIs avaliadas. Para a andlise 6ssea estrutural, realizada utilizando
o software Imagel/Fiji, foram obtidos os valores de dimensdo fractal, densidade de
conectividade, espessura trabecular e espacamento trabecular da ROI localizada no osso
medular. Anélise de Variancia (ANOV A multi-way) comparou os valores de voxel, DP e CNR.
Os resultados das andlises Osseas estruturais foram comparados pela ANOVA two-way. O nivel
de significancia foi 5% (a=0,05). Nos grupos controle e implante, a cortical lingual apresentou
maior DP, menor CNR e menor valor de voxel que a cortical vestibular, independentemente da
condi¢do da FRA (p<0,05). O implante diminuiu os valores de voxel e a CNR em ambas as
corticais e aumentou o DP apenas na cortical lingual, na condi¢do “sem FRA” (p<0,05). A
ativacdo da FRA, independente do momento em que ocorreu, diminuiu o DP e os valores de
voxel na cortical lingual e aumentou os valores de voxel na cortical vestibular quando o
implante estava presente (p<0,05). Também, o implante aumentou o DP e diminuiu os valores
de voxel nas ROIs do tecido mole e osso medular, na condi¢ao “sem FRA” (p <0,05). No grupo
implante, a ativacdo da FRA aumentou a espessura trabecular (p<0,05). Em conclusdo, a

producdo de artefatos adjacentes a implantes de zirconia é maior na cortical lingual que na



vestibular. A FRA ¢ efetiva na homogeneizacao dos valores de cinza quando os artefatos sdao
expressivos, independentemente do momento de sua ativagdo. Além disso, dependendo do
pardmetro avaliado, o uso da FRA interfere na andlise estrutural do osso medular adjacente a

implantes dentérios.

Palavras-chave: Artefatos. Ferramenta de reducdo de artefatos. Implantes. Tomografia

computadorizada de feixe conico. ZircOnia.



ABSTRACT

Artifacts decrease the image quality of cone-beam computed tomography (CBCT) and
negatively influence the diagnosis of several conditions. Therefore, understanding how they are
produced around high-density materials and how the tools that aim to reduce them act is
essential to minimize their consequences. The objectives of the present study were: 1, to
evaluate the artifact production and the performance of the metal artifact reduction (MAR) tool,
enabled before or after the acquisition of CBCT images, in the cortical plates (buccal and
lingual) and regions of medullary bone and soft tissue adjacent to a zirconia implant; 2, to study
the influence of artifacts and MAR on the structural evaluation of the medullary bone adjacent
to a zirconia implant. CBCT images were acquired using the OP300 Maxio unit before (control
group) and after (implant group) the insertion of a zirconia implant in the posterior region of a
human mandible. Three conditions of use of the MAR tool were tested during image
acquisition: “without MAR”, “with MAR activated after acquisition” and “with MAR activated
before acquisition”, and each protocol was repeated 5 times. For the image evaluation, an axial
reconstruction was selected in a standardized way and some regions of interest (ROIs) were
determined over the buccal cortical, lingual cortical, medullary bone and soft tissue adjacent to
the implant region. Quantitative analysis of the artifacts production was performed using
Imagel software, from obtaining the voxel values, standard deviation (SD) and contrast-to-
noise ratio (CNR) of the evaluated ROIs. For structural bone analysis, the fractal dimension,
connectivity density, trabecular thickness and trabecular spacing were obtained in the ROI
located at the medullary bone, using the Imagel/Fiji software. Analysis of Variance (ANOVA
multi-way) compared voxel values, SD and CNR. For the structural bone analysis, ANOVA
tested the main effects of implant presence and MAR condition. The significance level was set
at 5% (0=0.05). Overall, in control and implant groups, the lingual cortical had higher SD,
lower CNR and lower voxel values than the buccal cortical, regardless of the MAR condition
(p<0.05). The implant decreased the voxel and CNR values in both cortical plates and
significantly increased the SD only in the lingual cortical, in the “without MAR” condition
(p<0.05). Regardless of the moment of MAR activation, it decreased SD and voxel values in
the lingual cortical and increased the voxel values in the buccal cortical when the implant was
present (p<0.05). Also, the implant increased the DP and decreased the voxel values in the ROIs
located at soft tissue and medullary bone, in the condition “without MAR” (p<0.05). For the
implant group, MAR activation increased the trabecular thickness values (p<0.05). In

conclusion, the production of artifacts adjacent to zirconia implants is higher in the lingual



cortical than in the buccal cortical of the mandible. MAR is effective in homogenizing gray
values when artifacts are expressive, regardless of the moment of its activation. Additionally,
depending on the parameter evaluated, the use of MAR tool interferes with the structural

analysis of the medullary bone adjacent to dental implants.

Keywords: Artifacts. Metal artifact reduction tool. Implants. Cone-beam computed

tomography. Zirconia.
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1 INTRODUCAO

Desde o desenvolvimento da tomografia computadorizada de feixe conico (TCFC) ha
duas décadas, os aparelhos de TCFC tém passado por constantes evolugdes técnicas. Apesar
disso, essa modalidade de imagem ainda é afetada pela formacao de diversos tipos de artefato.
De modo geral, os artefatos representam erros ou alteracdes nas imagens tomograficas que ndo
representam a estrutura original (Barrett; Keat, 2004; Schulze et al., 2011), e podem ser
causados por diversos fendmenos, tais como: o efeito de endurecimento do feixe (ou beam
hardening) e o artefato de extin¢do (ou photon starvation), ambos relacionados a interacdo do
feixe de raios X com objetos de alta densidade presentes na regido tomografada (Pauwels et al.,
2013); o efeito de volume parcial, relacionado a diferenca entre os tamanhos do voxel e da
estrutura avaliada (Molen, 2010); a exomassa, que se refere a estruturas que estdo na trajetéria
do feixe mas fora do campo de visdo (FOV) do exame (Candemil et al., 2018); os erros de
calibracao do sensor, representados por falhas na uniformidade de detec¢ao dos dados (Schulze
et al.,, 2011); e a movimentacdo do paciente, associada a mudanca de posicionamento
geométrico das estruturas durante o escaneamento (Schulze et al., 2011). Cada um desses
fendmenos provoca alteracdes especificas na imagem de TCFC, as quais degradam sua
qualidade e sdo capazes de prejudicar ou mesmo impedir o diagndstico de uma série de

condigoes.

Dentre os diversos tipos de artefatos, aqueles derivados do beam hardening e do photon
starvation se destacam por apresentarem grande impacto na prética clinica didria, ja que a
presenca de materiais odontolégicos de alta densidade é uma condigdo comum na cavidade
bucal e, consequentemente, na regido tomografada. Exemplos desses materiais consistem em
restauracoes metdlicas, coroas protéticas, materiais endodonticos e implantes dentérios, e os
artefatos relacionados aparecem na imagem como bandas hipodensas e estrias hiperdensas
(Bezerra et al., 2015). Tal aparéncia pode ser explicada pelo fato de que a interacao dos fétons
de raios X com um material de alto nimero atdmico causa a filtracdo do feixe incidente,
removendo os fétons de menor energia, o que resulta no aumento da energia média do feixe, no
caso do beam hardening. Ja o photon starvation acontece quando ha a absor¢ao completa do
feixe pelo material de alto nimero atdbmico. Ambos os fendmenos impedem a chegada adequada
do sinal ao detector do tomoégrafo, provocando, portanto, erros durante o processo de

reconstru¢do da imagem (Schulze et al., 2011; Pauwels et al., 2013).
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A influéncia desses artefatos em tarefas de diagndstico € bem descrita, seja na
mimetizagdo de linhas de fraturas radiculares (de Rezende Barbosa et al., 2016; Gaéta-Araujo
et al., 2017), na simulacdo de lesdes de carie (Cebe et al., 2017) ou no aumento da dificuldade
de visualizacdo de defeitos 6sseos ao redor de implantes dentdrios (Razavi et al., 2010; De-
Azevedo-Vaz et al., 2013). Também, sabe-se que quanto maior o nimero atobmico do material,
maior a quantidade de artefatos produzidos, apresentando esses maior intensidade nas regides
mais proximas ao material gerador de artefatos (Fontenele et al., 2018; Freitas et al., 2018).
Assim, implantes de zircOnia, por apresentarem maior nimero atdmico que os implantes de
titanio, por exemplo, estdo relacionados a uma maior degradacdo na qualidade da imagem, a
qual ocorre de maneira mais evidente em regides adjacentes a ele (Sancho-Puchades et al.,

2015; Vasconcelos et al., 2017; Fontenele et al., 2018; Freitas et al., 2018).

Apesar desse conhecimento, ainda ndo estd claro como se d4 a propagacdo dos artefatos
em diferentes regides dos maxilares, como nas corticais vestibular e lingual ao redor de
implantes. Isso porque a literatura necessita de estudos que utilizem mandibulas como
phantoms, para simular o espalhamento e a absorcao diferencial do feixe de raios X que ocorre
de acordo com a anatomia dos pacientes. Além disso, a maioria das pesquisas que considerou
esse aspecto investigou a formagdo de artefatos no osso medular proximo ao implante
(Vasconcelos et al., 2017; 2019) ou a diferentes distancias dele, em regides de tecido mole,
(Fontenele et al., 2018; Freitas et al., 2018), mas nenhum considerou a formagdo dos artefatos
nas corticais 6sseas. Tal avaliacdo € importante para verificar se existe diferencas na expressao
dos artefatos entre corticais vestibular ou lingual, o que implicaria numa possivel diferenca no
diagnéstico de defeitos peri-implantares a depender da cortical envolvida. Além disso, estudos
que investigaram a producgdo de artefatos no osso medular (Vasconcelos et al., 2017; 2019)
restringiram suas andlises a avaliacdo dos tons de cinza da imagem. Portanto, ainda ndo se
conhece a possivel influéncia dos artefatos sobre as andlises estruturais 6sseas que podem ser
feitas em imagens de TCFC, como andlise da dimensdo fractal, espessura trabecular,
espacamento entre trabéculas e densidade de conectividade (Panmekiate et al., 2015; Pauwels

et al., 2015).

As alternativas para diminuir a expressao dos artefatos nas imagens de TCFC consistem
basicamente no aumento dos parametros de aquisi¢do do exame (milimaperagem, tempo de
exposi¢cdo, nimero de imagens base, quilovoltagem) e no uso de um algoritmo de reconstru¢do
chamado de ferramenta de reducdo de artefatos (FRA). O primeiro, apesar de ser justificavel

caso melhore a qualidade da imagem e o desempenho da TCFC na realizacao das tarefas de
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diagndstico, apresenta como desvantagem o aumento da dose de radiacdo para o paciente
(Yeung et al., 2019). Em contrapartida, nos equipamentos que apresentam a FRA, ela pode ser
aplicada na imagem sem alteracdo da dose de radiacdo, o que traz como beneficios a possivel
melhora na qualidade do exame sem exposi¢ao adicional do paciente (Vasconcelos et al., 2017),

o que destaca a importancia do estudo dessa ferramenta e da sua atuagdo na imagem.

Virios estudos avaliaram a performance da FRA na melhora da qualidade da imagem e
na visualizacdo de estruturas proximas a materiais de alta densidade (Bechara et al., 2012;
Bechara et al., 2013; Kamburoglu et al., 2013; Ferreira et al., 2015; de-Azevedo-Vaz et al.,
2016; Codari et al., 2017; Fontenele et al., 2018; Freitas et al., 2018). De acordo com a literatura,
a FRA ¢ efetiva na diminuicdo dos artefatos quando esses s@o mais pronunciados, melhorando
a qualidade objetiva do exame ao reduzir o desvio padrdo dos valores de voxel e aumentar a
relacdo contraste-ruido (CNR) dessas imagens (Fontenele et al., 2018; Freitas et al., 2018).
Entretanto, sua eficdcia ainda é controversa na avaliacdo de diferentes tarefas de diagndstico
(Bechara et al., 2013; Bezerra et al., 2015; de-Rezende-Barbosa et al., 2016; Dalili et al., 2018).
Também, ainda ndo se sabe ao certo se a FRA provoca alguma alteracdo na imagem em regides

onde os artefatos ndo estdo presentes.

Na maioria dos aparelhos de TCFC que apresentam a FRA, ela deve ser ativada antes
da aquisi¢dao da imagem. Embora os fabricantes nio esclarecam o mecanismo de acdo da FRA,
acredita-se que ela € um algoritmo aplicado nas imagens base apenas durante o processo de
reconstrug¢do tomografica, nao influenciando na maneira como elas sdo adquiridas (Bechara et
al., 2012). Com isso, tomdgrafos recentemente introduzidos no mercado (Cranex 3Dx, OP300
Maxio e ProMax 3D, por exemplo) agora apresentam a op¢do de habilitar essa FRA antes ou
apos a aquisi¢do da imagem. Nesses casos, o profissional pode adquirir e reconstruir o volume
com a FRA ativada desde o inicio ou adquirir o exame com a FRA desativada e, em seguida,
recuperar a imagem para reconstrui-la novamente com a FRA ativada. Dada a incerteza de
como essa ferramenta funciona, é importante saber se existe alguma diferenca entre essas
opg¢Oes para que profissionais e pesquisadores possam usd-las com seguranga de acordo com

suas necessidades.

Em suma, as regides mais proximas aos objetos de alta densidade sdo as mais afetadas
pelos artefatos e, quanto maior o nimero atomico do objeto que os produz, maior sua
intensidade; no entanto, ainda nao estd claro se hd uma diferenca na expressao dos artefatos em

diferentes corticais dsseas nem se os artefatos interferem na analise estrutural do osso medular.
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Além disso, a possivel diferenca entre a ativacdo da FRA antes ou apds a aquisi¢do de imagens
de TCFC nao foi estudada. Portanto, o objetivo neste estudo foi avaliar a producdo dos artefatos
e a performance da FRA, habilitada antes ou apds a aquisi¢do, nas corticais vestibular e lingual
e em outras regides adjacentes a um implante de zirconia. Adicionalmente, objetivou-se avaliar
a influéncia dos artefatos na anélise estrutural do osso medular adjacente ao implante dentério.
A hipétese nula foi de que ndo haveria diferencas na producdo de artefatos nas corticais
vestibular e lingual, nem entre o uso da FRA ou o momento de sua ativagdo; também, os

artefatos e a FRA ndo afetariam as andlises dos parametros estruturais 6sseos.
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2 ARTIGO

DIFFERENCE IN THE ARTEFACTS PRODUCTION AND THE PERFORMANCE
OF THE METAL ARTEFACT REDUCTION (MAR) TOOL BETWEEN THE
BUCCAL AND LINGUAL CORTICAL PLATES ADJACENT TO ZIRCONIUM
DENTAL IMPLANT

Artigo publicado no periédico Dentomaxillofacial Radiology, considerado Qualis Al pela
CAPES (Fonte: Difference in the artefacts production and the performance of the metal artefact
reduction (MAR) tool between the buccal and lingual cortical plates adjacent to zirconium
dental implant. DENTOMAXILLOFACIAL RADIOLOGY, v. 48, p. 20190058, 2019). A
estruturacdo do artigo baseou-se nas instrucdes aos autores preconizadas pela editora do
periédico. Em anexo, estdo as normas da editora contendo a autoriza¢do para o uso da dltima
versdo apresentada a revista na tese (Anexo 1). Alguns trechos do texto estdo em azul, pois
correspondem ao destaque nas alteragdes realizadas pelos autores na ultima revisdo do
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Abstract

Objective: To quantify the artifacts production and the performance of the Metal Artifact
Reduction (MAR) tool, enabled before or after the acquisition, in cortical plates (buccal and

lingual) and other regions adjacent to zirconium implants.

Methods: CBCT scans were acquired using the OP300 Maxio unit before (control group) and
after (implant group) the insertion of a zirconium implant into the posterior region of a dry
mandible. Three conditions of MAR tool were tested: “without MAR”, with “MAR activated
after acquisition”, and with “MAR activated before acquisition”. The standard deviation (SD),
contrast-to-noise ratio (CNR) and voxel values were calculated in the buccal and lingual cortical
plates, medullary bone and water region, close to the implant. The structural bone analysis was

performed in the medullary bone close to the implant.

Results: Overall, in control and implant groups, the lingual cortical had higher SD, lower CNR
and lower voxel values than the buccal cortical, regardless of the MAR condition (p<0.05).
Implant caused higher SD values and lower voxel values in adjacent regions “without MAR”
(p<0.05). MAR activation decreased SD and changed voxel values when the implant was
present, regardless of MAR activation mode (p<0.05). The activation of MAR increased the

trabecular thickness values for the implant group (p<0.05).

Conclusion: The expression of artifacts adjacent to zirconium implants is greater in the lingual
than in the buccal cortical. The greater the expression of artifacts in this region, the greater the
effectiveness of the MAR tool in homogenizing the grey values, regardless of the time of its

activation.

Keywords: cone beam computed tomography; dental implant; artifacts; zirconium
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Introduction

Cone-beam computed tomography images might be affected by different types of
artifacts, such as the ones caused by beam hardening, photon starvation, partial volume effect,
undersampling, exomass, detector miscalibration, and patient motion. All of these can cause
alterations in the resulting images that do not represent the original structure, sometimes being

so degrading to image quality that makes it diagnostically unusable.!*

Both beam-hardening and photon starvation artifacts are caused mainly by the
interaction of the X-ray photons with a high atomic number material, which results in filtering
of the incident beam, removing the lower energy photon. This increases the mean beam
intensity in case of the beam-hardening phenomenon, or even filters the beam entirely, in case

of the photon starvation. '

The influence of these artifacts in diagnostic tasks is well described, such as in
mimicking root fracture lines*> or hindering viewing the correct bone levels around metal
implants®’, for example. Also, zirconium implants have a higher atomic number than titanium
implants, and therefore, the artifacts generated by it can cause an even higher degradation in

image quality than its metallic counterpart.®!°

Metal artifacts reduction (MAR) algorithms have been developed and tested to improve
the visualization of structures around these materials.!'”'® Generally, MAR algorithms are
effective in technical image quality parameters when evaluated objectively, reducing the
standard deviation of the voxel values and increasing the CNR of these images, but there is

controversy when evaluating its effectiveness in different diagnostic tasks.*%!>17-13

Many units present this MAR tool, but most of them have in common that the algorithm
has to be enabled before the acquisition occurs. But it is not known what changes the use of this
tool does to the acquisition phase, which leads to believe that it is an algorithm applied on the
basis images during reconstruction, and not on the way they are acquired. With this, Cranex
3Dx (Soredex Oy, Finland) and OP300 (Instrumentarium Dental, Finland) units can enable this
tool before or after the acquisition. The volume can be acquired and reconstructed with the tool
turned on from the beginning, or acquired with the tool turned off, and then the image may be
retrieved and reconstructed again with the algorithm enabled later. Given the uncertainty of
how this tool works, it is important to know if there is any difference between these options so

that practitioners and researchers can use them safely according to their needs.
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The regions closer to the high-density objects are the most affected by artifacts,
however, it is still unclear whether there is a difference in the expression of artifacts in different
bone cortical plates. Also, the possible difference between the activation of MAR before or
after the acquisition has not been studied. Therefore, the aim of this study was to evaluate the
influence of the MAR tool, enabled before or after the acquisition, in cortical plates (buccal and
lingual) and other regions around a zirconium implant. The null hypothesis was that there would
be no differences in the production of artefacts between the buccal and lingual cortical nor

between the use of the MAR or the moment of its activation.

Materials and Methods

The local research ethics committee approved this research without any restriction under

the protocol number CAAE n° 70218017.4.0000.5418.

Sample Preparation

One partially edentulous dry human mandible was used as a phantom. The region of the
tooth 46 was prepared by an operator with experience in implant dentistry to receive a
zirconium oxide dental implant (4 x 11 mm, Z-Look3, Z-systems, Switzerland). Additionally,
two epoxy resin-based (ERB) tissue substitute blocks (18 x 10 x 7 mm) were fixed with wax:
one on the buccal cortical plate on the right posterior region and another on the anterior region
aligned to the middle line. These blocks served as a reference for the standardized selection of

axial images that were used for the quantitative analysis of the expression of artifacts produced.

CBCT acquisitions

The phantom was scanned on the OP300 Maxio unit (Instrumentarium Dental, Tuusula,
Finland). The energetic parameters, voxel size and field of view (FOV) remained constant in
all the acquisitions: 8 mA, 90 kVp, 0,2 mm and 6 x 8 cm. Regarding the use of MAR tool, this
unit allows three options in relation to its use: non-activation, activation after scan and
activation before the scan. In the present study, the images were initially acquired and
reconstructed without the MAR tool activation ("without MAR" condition). Posteriorly, the

MAR tool was applied after the scans without the need to obtain new acquisitions ("MAR after"
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condition). Finally, the images were acquired with the activation of the MAR tool before CBCT

acquisition ("MAR before" condition).

The mandible was placed inside a cylindrical plastic container (diameter of 16 cm) and
kept fixed with an impression material. This container was filled with water to simulate
attenuation of the X-ray beam by the soft tissues. The position of the phantom was standardized
by light guides of the unit in the center of the FOV, and it was not touched or moved between
all the CBCT scans. The images were acquired before and after implant insertion, composing
two main groups of images sets: control group (without implant) and zirconium group (with
implant). Figure 1 shows examples of axial views according to groups and MAR tool
conditions. Each scan protocol was repeated 5 times considering the study factors: MAR tool
conditions (without MAR, MAR after and MAR before the acquisitions) and experimental
groups (control and implant), totalizing 30 protocols (3 MAR conditions x 2 groups x 5

acquisitions).

Without ! actv. MAR activated
MAR activated before the acquisition

Control Group

Figure 1. Examples of cropped axial views of the control group and zirconium group, according

to MAR conditions available in OP300 Maxio unit.
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Image analysis

Image evaluation was performed by an oral radiologist, under dim light condition. For
each volume acquired, it was selected the first axial image in which was possible to visualize
the upper level of the ERB block positioned close to the implant. This block is indispensable
for standardized selection of the images to be evaluated, especially for a set of images without

dental implant.

Cortical plates

The selected axial image was exported for evaluation in the ImageJ software (National
Institutes of Health, Bethesda, MD, USA). To establish the regions of interest (ROIs), two lines
were determined (Figure 2): the first line parallel to the long axis of the mandibular body on the
right side passing through the center of the implant (Figure 2A) and a second line perpendicular
to the first one (Figure 2B). Then, two square ROIs of the same size (2 mm x 2 mm) were
drawn: one in the buccal cortical plate and another in the lingual cortical plate of the mandible
intercepting the perpendicular line (Figure 2C). The pre-established ROI size was as large as
possible to cover the cortical plates, but neighboring structures were avoided to prevent partial
volume effect. The quantitative analysis of the artifact production was performed from the
measurement of standard deviation (SD) of the grey values and voxel values. In addition, the
contrast-to-noise ratio (CNR) was calculated. To measure the CNR values, an additional ROI
of the same size as the others was established in the most posterior region of the axial image
evaluated (Figure 2C), once it is an area theoretically free of the artifact’s effects. This
additional ROI is required to perform this calculation according to the formula described by

Bechara et al.!!

|N1eanlmpl.|m — Meang 'unlm[{

/
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)
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Figure 2. Determination of the regions of interest to evaluate the impact of artifacts production

on mandibular cortical plates. (A) A line was drawn parallel to the long axis of the mandibular
body on the right side and in the center of the zirconium implant. (B) After this, another line
was determined perpendicular to the first line. (C) Three square ROIs of 2 mm x 2 mm were
established in the intersection between the perpendicular line and in the regions close to the
zirconium implant: one located on the buccal cortical plate (ROI 1) and one in the lingual
cortical plate (ROI 2), and another over the water close to the lingual cortical plate and to the
zirconium implant area (ROI 4). In the medullary bone region close to zirconium implant, one
more ROI with the same size and shape was established (ROI 5). Two additional control ROIs
(ROI 3 and 6) were established for calculating CNR: one in the most posterior region over the

water and another in the ERB block located in the anterior mandibular region.

Regions close to the implant

In the same axial image selected previously, two other square ROIs (2 mm x 2 mm)
were determined: one over the medullary bone close to the implant area, and another over the
water close to the lingual cortical plate and to the implant area (Figure 2C). The same
measurements (SD, CNR and voxel values) were obtained. To measure the CNR values, a ROI
with the same size was established in the ERB block located in the anterior mandibular region

(Figure 2C).

Structural bone

The CBCT scans were exported for evaluation in the Imagel/Fiji software (National
Institutes of Health, Bethesda, MD, USA). In the axial image where the upper level of the ERB

block was visualized, a ROI (2 x 2 mm) was determined in the same medullary bone region
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close to the implant area used in the previous evaluation. Thus, each image was cut to 2 x 2 mm
(10 x 10 voxels). In the coronal/sagittal plans, the images were cropped according to the length

1920 411 scans were thresholded and converted into a

of the phantom. Based on previous studies,
binary image from the "Moments" automatic binarization method. From this, using the BoneJ
plugin (http://www.bonej.org), fractal dimension, connectivity density, trabecular thickness

(Th. Th.), and trabecular spacing (Tb. Sp.) were measured.

For all analyses, the ROIs positions were standardized for all evaluations using the ROI
manager function of the ImageJ and Imagel/Fiji software. The analyses were performed in 8-

bit images.

Statistical analysis

The analysis was performed using SPSS v. 24.0 (IBM Corp., Armonk, NY) and
GraphPad Prism v. 7.0 (GraphPad Software, La Jolla, CA) software, with a significant p-value
< 0.05. The power analysis was 0.9, based on the mean minimum differences among the groups
studied, the mean standard deviation and the number of scans per group calculated in Biostat

software (version 5.3, Instituto de Desenvolvimento Sustentavel Mamiraua, Tefé, MA, Brazil).

The SD, CNR, and voxel values were compared by analysis of variance (multi-way
ANOVA) with post-hoc Tukey test, in order to test the main effects of the factors studied
(presence of implant and MAR condition). In addition, for cortical plates analysis, another
factor studied was the region (buccal or cortical). The ANOVA was conducted independently
for ROIs located on the medullary bone and over the water close to the implant area. Regarding
the structural analyses, ANOVA compared the results to test the main effects of the factors

studied (presence of implant and MAR condition).

Results

The mean of SD, CNR and voxel values on buccal and lingual cortical plates are shown
in Table 1. The buccal ROI differed from lingual ROI, regardless of the presence of the dental
implant (p<0.05). Overall, the lingual ROI showed higher SD and lowers values of CNR and
voxel. In relation to MAR condition, for the buccal ROIs of the control and implant group, SD

values did not differ significantly in all MAR condition (p>0.05). The same occurred for the
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lingual ROI of the control group (p>0.05). On the other hand, the SD values of lingual ROI in
the implant group decreased significantly with the MAR activation (p<0.05), regardless of the
MAR activation mode. For CNR values, there were no significant differences between MAR
condition in both groups (p>0.05). In opposite, the voxel values of both cortical plates differ
significantly between the acquisition without MAR and with MAR activated for the implant
group, (p<0.05). In the presence of the implant, the activation of MAR induced a slight
whitening in the buccal cortical. However, the opposite occurred in the lingual cortical. When
comparing control and implant groups in each region, it was observed that the presence of the
implant significantly increased the SD values only in the lingual cortical plate, regardless MAR
condition (P<0.05). On the other hand, the presence of the implant decreased significantly the
CNR and voxel values in both cortical plates, regardless of the MAR condition (P<0.05).

Table 1. Mean of SD, CNR and voxel values of the control and implant groups according to

the ROIs located in the buccal or lingual cortical plates and MAR tool activation conditions

MAR condition
Groups ROTI**
Without MAR MAR after MAR before
Control Buccal 7.25(0.93) 7.25(0.93) 7.64 (0.67)
D Lingual 12.23 (0.61) * 12.23 (0.61) * 11.96 (0.63) *
Implant Buccal 7.33 (1.86) 7.07 (0.95) 6.58 (1.12)
Lingual 14.68 (2.63) A 10.49 (1.40) B 9.93(1.29) B
Control Buccal 12.25 (1.71) * 12.25(1.71) * 11.79 (0.92) *
CNR Lingual 6.08 (0.40) * 6.08 (0.40) * 6.26 (0.39) *
Implant Buccal 6.15 (1.36) 6.90 (0.82) 7.60 (1.27)
Lingual 3.32 (0.54) 3.68 (0.39) 3.73 (0.33)
Control Buccal 146.21 (2.34) * 146.21 (2.34) * 145.95 (0.67) *
Voxel Lingual 129.05 (2.19) * 129.05 (2.19) * 128.89 (1.56) *
value Implant Buccal 97.98 (2.12) A 10291 (1.28) B 105.03 2.59) B
Lingual 100.60 (3.44) A 91.20(0.73) B 90.31(1.12) B

ROI, region of interest; MAR, metal artifact reduction

Different letters indicate statistical difference between the acquisitions without MAR, with MAR before and with

MAR after.

* Differed significantly from "implant group" within each ROI

**Buccal ROI differed from lingual ROI regardless the presence of dental implant
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The mean of SD, CNR, and voxel values of the control and implant groups in the ROIs
located in the water adjacent to the lingual cortical plate and in the medullary bone adjacent to
implant area are show in Table 2. For both ROlIs, the implant group showed significantly higher
SD values in the acquisitions without MAR activation (p<0.05). Regarding the CNR values,
they decreased significantly when the implant was present in ROI adjacent to the implant area
when MAR was not activated or activated before CBCT acquisition (p<0.05). Voxel values of
implant group differed significantly from the control group for all MAR condition in both ROIs
(p<0.05), except adjacent to the lingual cortical plate with MAR activated after CBCT
acquisition. The effect varied since the presence of implant made the area slightly darker
adjacent to the lingual cortical plate and slightly brighter in medullary bone, except for the
group without MAR. For the control group, there were no significant differences between the
MAR condition (p>0.05). In opposite, for the implant group in the both ROIS, the activation of
MAR decreased significantly the SD values and increased the voxel values, regardless of the
MAR activation mode (p<0.05). The exception for this was observed in the adjacent lingual
cortical plate ROI, since that occurred a slight reduction of the voxel values between MAR
activated after and MAR activated before the CBCT acquisitions of the implant group.
Regarding CNR values, there was no effect of MAR in both control and implant groups
(p>0.05).

Table 2. Mean of SD, CNR and voxel values of the control and implant groups in ROIs located
in the water adjacent to lingual cortical plate and in medullary bone adjacent to implant area,

according MAR tool activation conditions

MAR condition
ROI** Group
Without MAR MAR after MAR before
SD adjacent to lingual ~ Control 3.07 (0.39) * 3.07 (0.39) 3.32 (0.52)
cortical plate Implant 4.64 (1.32) A 3.24 (0.82) B 3.64 (0.48) B
Control 6.27 (0.98) * 6.27 (0.98) 6.10 (0.73)
medullary bone
Implant 1141 (1.29) A 5.78 (0.66) B 6.86 (0.76) B
CNR adjacent to lingual ~ Control 13.89 (1.51) 13.89 (1.51) 12.54 (0.43)
cortical plate Implant 12.61 (2.85) 14.61 (2.46) 12.94 (1.25)
Control 7.92 (0.96) * 7.92 (0.96) 7.79 (0.59) *
medullary bone
Implant 5.90 (0.59) 7.01 (0.79) 5.98 (0.55)
Voxel adjacent to lingual ~ Control 48.90 (0.75) * 48.90 (0.75) 48.91 (0.92) *
value cortical plate Implant 45.18 (1.21) C 48.44 (0.52) A 46.91 (0.61) B
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Control 59.58 (0.67) * 59.58 (0.67) * 59.66 (0.55) *

medullary bone
Implant 47.19(1.98) B 70.00 (0.25) A 70.33 (0.65) A

ROI, region of interest; MAR, metal artifact reduction

Different letters indicate statistical difference between the acquisitions without MAR, with MAR before and with
MAR after.

* Differed significantly from "implant group" within each ROI

** ROIs were not compared to each other

The structural analyzes are shown in Table 3. The fractal dimension and Tb. Sp. values
were not influenced by the factors studied (implant and MAR) (p>0.05). For connectivity
density values, the implant group showed significantly lower values when compared to the
control group, regardless of the MAR condition (p<0.05). For Tb. Th. values, the control group
did not differ to the implant group without the MAR activation (p>0.05). In opposite, there was
a significantly increased in Tb. Th. values when the implant was present in both MAR activation
mode (p<0.05). For the implant group, the activation of MAR increased significantly the Tb.
Th. values (p<0.05).

Table 3. Structural analyses in ROI located in medullar bone adjacent to implant area,

according MAR tool activation conditions

MAR condition
Analysis Group

Without MAR MAR after MAR before

Control 2.56 (0.00) 2.56 (0.00) 2.56 (0.00)

Fractal

Implant 2.49 (0.00) 2.49 (0.00) 2.49 (0.00)

Control 0.016 (0.00) * 0.016 (0.00) * 0.017 (0.00) *
Connectivity density

Implant 0.009 (0.00) 0.008 (0.00) 0.008 (0.00)

—_— Control 5.77 (0.24) 5.77 (0.24) * 5.68 (0.08) *
Implant 5.94 (0.09) C 7.09 (0.35) A 6.67 (0.36) B

— Control 4.03 (0.16) 4.03 (0.16) 4.06 (0.12)

=P Implant 4.23 (0.11) 3.84 (0.42) 4.08 (0.17)

MAR, metal artifact reduction
Different letters indicate statistical difference between the acquisitions without MAR, with MAR before and with
MAR after.

* Differed significantly from "implant group" within each ROI
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Discussion

The present study showed that the expression of artifacts adjacent to a dental implant
located in the posterior region of the mandible is greater in the lingual cortical than in the buccal
cortical. To our knowledge, previous studies have evaluated the production of artifacts in the
cancellous and/or cortical bone,®?! but not by comparing the two cortical plates. As artifacts
related to dental implants can impair measuring the cortical bone thickness’ and the assessment

of peri-implant bone defects,'*!®

our result is interesting because it presents the insight that
there may be differences in the interpretation of these clinical conditions depending on the

cortical plate evaluated.

The different expression of the artifacts between the cortical plates may be related to the
difference in anatomical positioning of the buccal and lingual cortical in relation to the X-ray
beam and the dental implant. When X-rays are laterally to the patient, structures closer to the
outer surface of the skull such as buccal cortical plate are passed by a high signal-to-noise ratio,
because of little other tissues are in the X-ray path. Conversely, when X-rays are posterior to
the patient, the X-rays pass the lingual cortical plate first; however, those X-rays have already
been attenuated by several other tissues such as the tongue and spine. Therefore, in general the
lingual bone is more subject to beam hardening (i.e. X-rays passing through it have a higher
average energy compared to the buccal bone). All these factors plus the fact that the whole
image is subject to exomass effects and possible interferences of the image reconstruction
process probably have repercussions in the image quality and in the different artifacts formation

between the cortical ones.

Our main objective was not to evaluate the difference among the cortical plates in the
absence of the implant (control group); however, it was important to analyze the bone
characteristics of the mandible studied, since possible differences in the cortical grey values
could exist independently of the presence of the dental implant. From this analysis, it was
possible to observe that the presence of the implant significantly increased the SD values of the
lingual cortical, and significantly decreased the CNR and voxel values in both cortical plates.
In addition, the control group was important because it showed that, in the absence of high-
density materials, there was no difference in the SD, CNR, and voxel values results between
groups without MAR and with MAR activated, regardless the moment of its activation. In this
way, we have confirmed that the MAR tool only acts in the presence of artifact-generator

materials as some previous study had found.>** It is also interesting to note that SD, CNR, and
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voxel values were exactly the same in the conditions "without MAR" and "with MAR after",
while numerical differences were observed between "MAR before" and those groups. The fact
that the first two groups were derived from the same CBCT scans, while the "MAR before"
group resulted from apart scans may explain those results. Therefore, this difference is not
caused by MAR, but is related to the inter-sweep fluctuations of tube output, since the images
in the conditions "without MAR"/ "MAR after" and "MAR before" were obtained at different

times.

In an in vitro model using silicone mandibles, Benic et al.?

evaluated the expression of
artifacts in different positions and distances adjacent to titanium implants placed in anterior and
posterior regions of the dental arch. These authors found no difference between the buccal and
lingual aspects of the implant site, regardless of the implant region.?® Sancho-Puchades et al.,'°
using a similar methodology, tested different types of dental implants and observed that
zirconium implants generate significantly more artifacts than titanium and titanium-zirconium
implants, also without differences between the buccal and lingual aspects of the implant site.
Such contrasting findings can be attributed to the size and location of the studied regions (one

pixel and 0.5 to 2mm apart) and to the use of silicone models rather than a human mandible, as

done in the present study.

The increase in energetic parameters and/or spatial resolution of the image have been
pointed out as effective alternatives to improve the performance of the CBCT in the diagnosis
of several conditions, as in the detection of peri-implant dehiscences and fenestrations® and in
the detection of root fractures.>?* On the other hand, although the MAR tool improves image

quality,>!!

its activation has demonstrated controversial results in these same diagnostic
tasks.*!*!> We observed that the MAR significantly reduced SD values only in the lingual
cortical, where the artifacts were more pronounced. Thus, we suggest further clinic studies
comparing the impact of the use of MAR on cortical plates bone alterations, in order to be able
to indicate the activation or not of this tool in CBCT exams carried out to evaluate bone tissue

adjacent to dental implants.

In general, corroborating with the results obtained in the cortical plates evaluation, the
presence of the dental implant reduced the image quality in other regions close to the implant
area, since it significantly increased the SD values, decreased the CNR and voxel values. In
addition, when the artifacts were more expressive, the MAR tool acted causing a significant

decrease in the variability of the gray values. Regarding structural bone analysis, previous
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studies evaluated the influence of several factors on these measures, such as exposure

O scan parameters, voxel size?® and position of the object in the different FOVs.?

parameters,”
However, for the first time, the present study evaluated the influence of the artifacts generated
and the MAR tool in that analysis. In general, the presence of the implant significantly
decreased the connectivity density and increased the Tb. Th. values. Regarding the MAR tool,
its activation significantly increased only the Tb. Th. values. As a pioneer study, it is not
possible to compare our results to others, but they can serve as a reference for future researches.

Professionals and researchers that use structural analyses should be aware that artifacts and

MAR can influence some aspects of the evaluation.

The possibility of obtaining CBCT exams with and without MAR (two volumes
reconstructed from a single acquisition) is a new feature present in some recently released
CBCT units. As far as we know, our study is the first to investigate if the moment of activation
of the MAR tool (before or after image acquisition) influences the SD and CNR of the grey
values. In both the control and implant groups, the moment of MAR activation did not influence
the results. Although different CBCT units may present different algorithms for image
reconstruction and processing, we believe that this result opens up possibilities for in vivo

studies that compare the influence of this tool on diagnostic decisions.

Similar to previous studies,®*%’

image evaluation was performed by only 1 oral
radiologist. We believe this is appropriate because the evaluation is done objectively in the
Image] software by determining the ROIs using the MACRO function. Considering our results,
we suggest further studies in different regions of the dental arch and using other high-density
materials that trigger the beam-hardening phenomenon, in order to verify the performance of

the MAR tool and the pattern of artifact production.

In conclusion, the expression of artifacts adjacent to zirconium implants is greater in the
lingual cortical than in the buccal cortical. Also, the greater the expression of artifacts in this
region, the greater the effectiveness of the MAR tool in homogenizing the grey values, whether

it is activated before or after the acquisition of CBCT images.
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3 CONCLUSAO

A producio dos artefatos adjacentes a implantes de zirconia € maior na cortical lingual
do que na cortical vestibular da mandibula. A FRA ¢ efetiva na homogeneizacio dos valores de
cinza, diminuindo os artefatos quando esses sdo expressivos. O momento de ativacdo da FRA
(antes ou apos a aquisi¢do das imagens de TCFC) ndo influencia no seu modo de atuagdo. Além
disso, dependendo do parametro avaliado, a presenca dos artefatos e o uso da FRA interferem

na andlise estrutural do osso medular adjacente a um implante de zircoOnia.

A partir dos resultados do presente estudo e considerando que o tempo de reconstrucao
das imagens € maior quando a FRA ¢ ativada, recomenda-se que, em aparelhos que permitem
a ativacdo da FRA antes ou apds a aquisi¢do das imagens de TCFC, esta seja realizada
primeiramente sem a FRA. A depender da presenca dos artefatos derivados do beam hardening
no exame, a imagem deve ser recuperada e reconstruida novamente com a ativacdo da FRA

apos a sua aquisi¢ao.
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APENDICE 1 - METODOLOGIA DETALHADA

O presente estudo foi aprovado pelo Comité de Etica em Pesquisa da Faculdade de
Odontologia de Piracicaba (FOP/UNICAMP) sob o nimero de protocolo CAAE:
70218017.4.0000.5418 (Anexo 2).

Amostra do estudo

Uma mandibula humana seca foi utilizada como phantom. A regido do dente 46 foi
preparada com brocas esféricas e cilindricas de haste longa para receber um implante dentdrio
de 6xido de zirconio (4x11 mm, Z-Look3, Z-systems, Sui¢ca). Além disso, dois blocos a base
de resina ep6xi (ERB) (dimensdes: 18 x 10 x 7 mm) foram fixados com cera nas seguintes
regides da cortical vestibular mandibula: um na regido posterior direita e outro na regidao
anterior, alinhado a linha média. O primeiro bloco serviu de referéncia para a selecdo
padronizada das imagens axiais a serem utilizadas para a quantificacao dos artefatos (estando a
nivel da altura média do implante), enquanto o segundo foi utilizado como uma regido controle
para o cdlculo da relag@o contraste-ruido (CNR) das imagens. A resina epoxi foi escolhida para

esse propdsito por apresentar uma densidade semelhante a do tecido dsseo.

Aquisicdo das imagens

O phantom foi escaneado no tomdgrafo de feixe conico OP300 Maxio (Instrumentarium
Dental, Tuusula, Finlandia). Os parametros energéticos (miliamperagem e quilovoltagem), o
tamanho do voxel e o campo de visdo (field of view - FOV) permaneceram constantes em todas
as aquisi¢oes: 8 mA, 90 kVp, 0,2 mm and 6 x 8 cm, respectivamente. Esse tomdgrafo permite
trés opgoes relacionadas ao uso da Ferramenta de Redugdo de Artefatos (FRA): ndo-ativacao,
ativacdo apds a aquisicdo da imagem e ativacdo antes da aquisicdo. No presente estudo, as
imagens foram inicialmente adquiridas sem a ativacdo da FRA (condicdo "sem FRA").
Posteriormente, essas imagens foram recuperadas e novamente reconstruidas, agora com a FRA
foi ativada ‘apds a aquisicdo’ (condicdo "FRA apds"). Finalmente, novas imagens foram
adquiridas com a ativacio da FRA antes da aquisicdo (condi¢do "FRA antes") (Figura 1). E
importante ressaltar que o tempo de reconstru¢do da imagem com a FRA € geralmente o dobro

do tempo de reconstrucao das imagens sem a FRA.
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“Sem FRA” “Com FRA apos” “Com FRA antes”

Imagens adquiridas e Imagens adquiridas sem FRA e

Imagens adquiridas e

reconstruidas com FRA

reconstruidas sem a FRA depois reconstruidas com FRA

Figura 1. Condig¢des de uso da Ferramenta de Reducdo de Artefatos (FRA) durante a aquisi¢ao

das imagens de tomografia computadorizada de feixe conico.

Para as aquisi¢des propriamente ditas, a mandibula foi colocada dentro de um recipiente
cilindrico de plastico (didmetro de 16 cm) preenchido com 4dgua (para simular a atenuacdo do
feixe de raios X pelos tecidos moles) e mantida fixa com um material de moldagem (Cera
Utilidade, Lysanda, Sdo Paulo, Brasil). O phantom foi posicionado no centro do FOV, com
auxilio das guias luminosas do tomdgrafo, ndao sendo tocado ou movido de lugar entre as
aquisicoes de TCFC realizadas no estudo. As imagens foram adquiridas antes e ap0s a insercao
do implante de zircOnia na regido edéntula do dente 46, o qual foi inserido no local previamente
preparado sem a movimentacdo do phantom na plataforma do tomoégrafo. Assim, foram

formados dois grupos principais de imagens: grupo controle (sem implante) e grupo implante

C s
] * | ] * ‘

(com implante de zirconia) (Figura 2).

A

B
GRUPO CONTROLE GRUPO IMPLANTE

Blocos de resina epoxi (ERB) Implante de Zircénia (4x11 mm)

Figura 2. Preparacdo da amostra e aquisicdo das imagens de tomografia computadorizada de feixe
conico (TCFC). A e B: esquemas ilustrando o posicionamento dos blocos de resina ep6xi (ERB) nas
regides anterior e posterior da cortical vestibular da mandibula nos grupos controle e implante,
respectivamente. C: fotografia do phantom utilizado no estudo posicionado no aparelho OP300 Maxio

durante a aquisicao das imagens de TCFC.
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Exemplos de reconstrugdes axiais de acordo com os grupos e as condi¢des de uso da
FRA sdo mostrados na Figura 3. Cada protocolo de aquisi¢do foi repetido 5 vezes, a fim de
compensar possiveis variacoes de corrente do tubo entre as aquisicdes e possibilitar a andlise
estatistica. Assim, considerando os fatores de estudo: grupos experimentais (controle e
implante) e condi¢des da FRA (sem FRA, FRA apds e FRA antes das aquisi¢des), um total de

30 aquisicdes foram realizadas (2 grupos x 3 condicdes FRA x 5 repeti¢cdes).

Com FRA depois Com FRA antes

Grupo Controle 5‘? ?

4

Grupo Implante

Figura 3. Exemplos de reconstrucdes axiais do grupo controle e grupo implante, de acordo com as

condicdes da FRA disponiveis no tomdgrafo OP300 Maxio.

Avaliagdo das imagens

A avaliacdo das imagens foi realizada por um radiologista oral, sob condi¢des de pouca
luminosidade. Em cada volume de TCFC, foi selecionada a primeira imagem axial na qual era
possivel visualizar o nivel superior do bloco de ERB posicionado préximo ao implante. Esse
bloco foi fundamental para a selecio padronizada das imagens a serem avaliadas,
principalmente para o grupo controle (sem o implante dentédrio). Todas as avaliacdes foram

realizadas em imagens de 8-bits.

Corticais
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Os volumes de TCFC foram exportados em formato DICOM para o software Image]
(National Institutes of Health, Bethesda, MD, EUA) e as avalia¢des foram realizadas na imagem
axial selecionada, conforme descrito previamente. Para estabelecer as regides de interesse
(ROIs), foram determinadas duas linhas (Figura 4): a primeira linha paralela ao eixo longo do
corpo da mandibula do lado direito, passando pelo centro do implante (Figura 4A), e uma
segunda linha perpendicular a primeira (Figura 4B). Em seguida, foram estabelecidas duas
ROIs quadradas do mesmo tamanho (2 mm x 2 mm): uma na cortical vestibular e outra na
cortical lingual da mandibula, interceptando a linha perpendicular (Figura 4C). O tamanho da
ROI foi pré-estabelecido como o maior possivel para cobrir as corticais, mas sem atingir as

estruturas vizinhas para evitar o efeito de volume parcial.

Figura 4. Determinacio das regides de interesse (ROIs) para avaliar o impacto da producio de artefatos
nas corticais mandibulares, no osso medular e na regido correspondente ao tecido mole. (A) Uma linha
foi tracada paralelamente ao longo eixo do corpo da mandibula do lado direito e no centro do implante
de zirconia. (B) Posteriormente, outra linha foi determinada perpendicularmente a primeira linha. (C)
Trés ROIs quadradas de 2 mm x 2 mm foram estabelecidas na interse¢@o entre a linha perpendicular e
as regides proximas ao implante de zirconia: um localizada na cortical vestibular (ROI 1), outra na
cortical lingual (ROI 2) e outra sobre a 4gua, proxima a cortical lingual e a drea do implante de zirconia
(ROI 4). Na regido 6ssea medular préxima ao implante de zircOnia, foi estabelecida mais uma ROI com
o mesmo tamanho e formato (ROI 5). Duas ROIs-controle adicionais (ROI 3 e 6) foram determinadas
para o célculo da CNR: uma na regido mais posterior sobre a dgua e outra sobre o bloco de ERB

localizado na regido anterior da mandibula.
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A quantificacao dos artefatos foi realizada a partir da obten¢do da média e desvio padrao
(DP) dos valores de cinza (ou valores de voxel). Também, a relagdo contraste-ruido (CNR) foi
calculada. Para medir os valores de CNR, uma ROI adicional de mesmo tamanho que as demais
foi determinada na regido mais posterior da imagem axial avaliada (Figura 2C), uma vez que
essa € uma drea teoricamente livre de artefatos. Essa ROI adicional foi necessdria para o calculo

da CNR, baseado na féormula (Bechara et al., 2012):

|MeanR0, studied ~ MEAN o1 hevor

2 2
\/SDROI studied SDR()I control

CNR =

Regioes proximas ao implante

Na mesma imagem axial selecionada anteriormente, duas ROIs adicionais (2 mm x 2
mm) foram determinadas: uma sobre 0 0sso medular proximo a regido do implante e outra sobre
a dgua proxima a cortical lingual e a regido do implante (Figura 2C). Para essas ROIs, também
foram obtidas as medidas de média e DP dos valores de cinza e a CNR. Para o cdlculo da CNR,
foi estabelecida uma ROI-controle de mesmo tamanho no bloco de ERB localizado na regiao

anterior da mandibula (Figura 4C).

Andlise o0ssea estrutural

As andlises estruturais foram realizadas utilizando o software ImagelJ/Fiji (National
Institutes of Health, Bethesda, MD, EUA). Para isso, os volumes de TCFC também foram
exportados em formato DICOM, e tomou-se como referéncia as mesmas imagens axiais em que
o nivel superior do bloco de ERB era visualizado. Foi selecionada a mesma ROI (2 x 2 mm) da
regido 6ssea medular proxima a drea do implante utilizada na avaliacdo anterior. Também, o
volume de TCFC foi recortado numa espessura de 2 mm (10 voxels/reconstrugdes axiais).
Seguindo estudos prévios (Panmekiate et al., 2015; Pauwels et al., 2015), os exames foram
convertidos em imagens bindrias através do método de binarizacdo automaética "Moments". A
partir disso, utilizando o plugin BonelJ (http://www.bonej.org), os parametros “dimensao
fractal”, “densidade de conectividade (Conn.Dens.)”, “espessura trabecular (Th.Th)” e

“espacamento trabecular (Tb.Sp)” foram mensurados.
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Para o célculo da dimensao fractal, foi utilizado o método box-counting, com tamanho
maximo de caixa de 45%, tamanho minimo de caixa de 2 voxels e série de caixa linear. Os
demais parametros ésseos foram calculados automaticamente de acordo com as configuracdes

oferecidas no plugin BoneJ.

A posi¢ao das ROIs foi padronizada para todas as andlises utilizando a funcdo ROI

manager do software ImageJ e Imagel/Fiji.

Andlise estatistica

Os dados foram tabulados em uma planilha do Excel e analisados utilizando os
softwares SPSS (v. 24,0, IBM Corp., Armonk, NY, EUA) e GraphPad Prism (v. 7,0, GraphPad
Software, La Jolla, CA, EUA). O poder da analise foi 0,9, calculado no software Biostat (v. 5,3,
Instituto de Desenvolvimento Sustentavel Mamiraud, Tefé, AM, Brasil) com base na média das
diferencas minimas entre os grupos estudados, o desvio padrdo médio e o ndmero de

escaneamentos por grupo.

A média dos valores de cinza (“valores de voxel”), o DP ¢ a CNR foram comparados
pela anélise de varidncia (ANOV A multi-way) com teste post-hoc de Tukey, com o objetivo de
testar os principais efeitos dos fatores estudados (presenca do implante e condi¢do da FRA).
Além disso, na andlise das corticais, a regido (vestibular ou lingual) foi outro fator estudado.
ANOVA foi conduzido independentemente para as ROIs localizadas sobre o osso medular e
sobre a 4gua proxima a drea do implante. Em relacdo as andlises estruturais, ANOV A testou os
principais efeitos da presenca do implante e condicdo da FRA sobre os pardmetros 6sseos. O

nivel de significancia adotado foi de p<0.05 (0=0,05).
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