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Resumo

A presenca de artefatos em imagens de Tomografia Computadorizada de Feixe Conico
(TCFC) € inevitdvel, quando o feixe de radiacdo interage com materiais de alto nlimero
atdmico, como implantes dentdrios. De acordo com a literatura consultada, ainda nao
existem estudos que tenham avaliado a magnitude desse efeito para os diferentes
materiais de implantes dentdrios. Assim, o objetivo no presente estudo foi avaliar a
magnitude dos artefatos produzidos pela presenca de implantes de titdnio e de zircOnia
em imagens de TCFC. Para isso, duas mandibulas humanas foram utilizadas para a
insercao de um implante de titdnio e um de zircOnia, em diferentes momentos, na regiao
do dente 46. Além disso, na cortical vestibular, na regido do implante dentério, foi fixado
um bloco com densidade semelhante a do osso com a finalidade de padronizar a selecao
das imagens a serem avaliadas. Cada mandibula humana foi mantida, com o auxilio de
um material de moldagem, em um container cilindrico de pléstico (16 cm de diametro)
preenchido com édgua para simulacido da atenuacdo do feixe de radiacdo pelos tecidos
moles. As aquisi¢des das imagens foram realizadas em trés aparelhos de TCFC: Picasso
Trio 3D, ProMax 3D e 3D Accuitomo 80, utilizando o mesmo protocolo de aquisicao: 80
kVp, 5 mA e voxel de tamanho 0,2 mm. Os exames foram adquiridos antes e apds a
insercdo dos implantes. Para a avaliagdao das imagens, uma mesma reconstru¢ao axial foi
selecionada, utilizando como referéncia o bloco, na regiao média do implante dentario. A
quantidade dos artefatos produzidos foi avaliada pela mensuracdo do desvio padriao (DP)
dos tons de cinza e da taxa de contraste-ruido (CNR) das 11 regides de interesse (ROI)
que foram estabelecidas em diferentes distancias (1,5 cm, 2,5 cm e 3,5 cm) e angulacdes
(65°,90°, 115° e 140°) da regido do implante. Os valores de DP e CNR foram comparados
por andlise de variincia com teste post-hoc de Tukey. Quando comparada as imagens do
grupo titdnio com as do grupo controle considerando cada uma das ROIs, os valores de
DP ndo diferiram entre si em todas as regides e os equipamentos. No entanto, a0 comparar
as diferentes posi¢oOes das ROIs dentro do mesmo grupo de imagens, para o equipamento
Picasso Trio, foram observados valores mais altos nas ROIs mais proximas ao implante
(p<0,05). As imagens do grupo zircOnia apresentaram os valores mais altos que os demais
grupos em algumas ROIs para os equipamentos Picasso e ProMax (p<0,05). No ProMax,
essa diferenca foi observada mesmo nas ROIs mais distantes ao implante. Valores de
CNR néo foram influenciados pela ROI no Picasso, mas apresentaram valores menores
nas ROIs mais proximas ao implante de zircOnia para os equipamentos ProMax e
Accuitomo. Foi possivel concluir que a quantidade e a magnitude dos artefatos em TCFC
sao influenciados pelo tipo do implante e pelo equipamento de TCFC. Embora sejam mais
pronunciados em regides proximas ao implante e localizadas a 90° em relacdo ao longo
eixo mandibular, elas podem chegar a até 3,5 m do objeto gerador de artefato.

Palavras-chave: Tomografia Computadorizada de Feixe Conico. Artefatos. Titanio. Zirconio.



Abstract

The presence of artifacts in Cone Beam Computed Tomography (CBCT) scans is
inevitable, when X-rays reach dense and high atomic number materials such as dental
implants. Considering the literature consulted, there are no studies that have evaluated
the magnitude of this effect for different dental implant materials. Thus, the aim in present
study was to evaluate the magnitude of artifacts produced by the presence of titanium and
zirconium implants in CBCT images. For this, two human mandibles were used for
insertion of a titanium implant and a zirconium implant, at different times, in the region
of the tooth 46. In addition, in the buccal cortical, in the region referring to the middle of
the dental implant, an epoxy resin—based tissue substitute (ERBS) block was fixed with
the purpose of standardizing the selection of the images to be evaluated. Each dry human
mandible was maintained in a cylindrical plastic container (16-cm diameter) by the help
of an impression material. After this, the cylindrical plastic was filled with water to
simulate the soft tissue radiation attenuation. The images were acquired in three CBCT
devices: Picasso Trio 3D, ProMax 3D and 3D Accuitomo 80, using the same acquisition
protocol: 80 kVp, 5 mA and voxel of size 0.2 mm. CBCT images were acquired before
and after insertion of the implants. For the evaluation of the images, the same axial
reconstruction was selected in the middle region of the dental implant, using the ERBS
block as reference. The quantification of the artifacts produced was measured by the
standard deviation (SD) of the gray values and the contrast-noise ratio (CNR) of the 11
regions of interest (ROI) that were established at different distances (1,5 cm, 2,5 cm and
3,5 cm) and angulations (65°, 90°, 115° and 140°) of the implant region. The SD and CNR
were compared by analysis of variance with post-hoc Tukey test. Considering each of the
ROIs, SD values of the images of titanium group did not differ from those of control
group, in all regions and machines. However, when comparing the different positions of
the ROIs within the same group of images, higher values were observed in the ROIs closer
to the implant for the Picasso Trio (p <0.05). The images of the zirconium group presented
higher values than the other groups in some ROIs for the Picasso and ProMax (p <0.05).
In ProMax, this difference was observed even in the ROIs farthest from the implant. CNR
values were not influenced by the ROI in Picasso, but showed lower values in the ROIs
closest to the zirconium implant for ProMax and Accuitomo. In conclusion, the number
and magnitude of artifacts in CBCT are influenced by the type of implant and the CBCT
unit. Although they are more pronounced in regions close to the implant and located 90°
in relation to mandibular long axis, they can reach up to 3,5 cm from artifact generator
object.

Key Words: Cone-beam Computed Tomography. Artifacts. Titanium. Zirconium.
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1. INTRODUCAO

O uso de implantes osseointegraveis para substituicio de dentes perdidos
representa uma alternativa eficaz na reabilitacdo de pacientes parcial e totalmente
desdentados (Balshi et al., 2015; Albrektsson et al., 2008). Os implantes dentarios sao
posicionados no tecido 6sseo de maneira que permita uma adequada ancoragem sem
crescimento ou desenvolvimento de tecido fibroso na interface osso-implante e nao
provoquem injurias as estruturas circunjacentes (Shavit e Juodzbalys et al., 2014;
Branemark et al., 1985).

Para que a instalagdo desses implantes seja bem-sucedida, é necessdrio avaliar o
estado de saude do paciente, conhecer caracteristicas da drea receptora como anatomia,
volume e qualidade Ossea, e seguir criteriosamente cuidados durante e apds a cirurgia com
acompanhamentos periddicos, pois o cumprimento dessas etapas possibilita uma maior
vida util aos implantes (Sousa et al., 2009; Angelopulos et al., 2008). Nesse sentido, o
diagndstico por imagem tem importante papel no planejamento e acompanhamento de
implantes osseointegraveis, uma vez que ele permite a avaliacdo dos tecidos 6sseos (Harris
et al., 2012).

De acordo com as diretrizes da Academia Americana de Radiologia Oral e
Maxilofacial (2012), a tomografia computadorizada de feixe conico (TCFC) ¢é
recomendada como exame pré-operatério para o planejamento de implantes dentarios por
fornecer imagens multiplanares e reconstrugdes transversais, sendo um método confidvel
pelo qual podem ser obtidas largura, altura e espessura dsseas nos locais em que se deseja
instalar implantes. Para avaliacao pds-operatdria, no entanto, a radiografia periapical ainda
€ o exame de escolha para o acompanhamento e avaliacdo de perda éssea marginal e sinais
de falha na osseointegracao.

A indicacio desses exames pode ser atribuida as vantagens e limitacdes inerentes
ao processo de formagdo de imagem de cada um deles. Apesar de a radiografia periapical
apresentar baixo custo e fécil acessibilidade, sua natureza bidimensional ndo permite a
visualizacdo da dimensdo vestibulo-lingual do tecido 6sseo (Sancho-Puchades et al.,
2014). Assim, a espessura Ossea antes da colocacdo de implantes, ou mesmo a relacdo de
proximidade da 4rea que receberd o implante as corticais Osseas nao podem ser
diagnosticadas pelo exame periapical (Klinge e Flemming, 2009; Angelopoulos et al.,
2011). Ja a TCFC, apesar de superar a limitacdo das radiografias por ser um exame

tridimensional, apresenta como principais desvantagens a exposicao do paciente a maiores



14

doses de radiacdo em relacdo a radiografia periapical (Harris et al., 2012) e, para fins de
diagndstico, a formagdo de artefatos que podem dificultar ou mesmo impedir o diagndstico
na regido escaneada (Vasconcelos et al., 2017; Scarfe & Farman 2006).

Os artefatos nas imagens de TCFC representam estruturas visualizadas apds a
reconstru¢do dos dados, que ndo correspondem as caracteristicas reais do objeto que esta
sendo avaliado (Schulze et al., 2011; Vasconcelos et al., 2017). Sua origem esta
relacionada a diferencas entre as reais caracteristicas fisicas dos objetos e o coeficiente de
atenuacdo que serd captado pelo receptor do tomégrafo, além de limitagdes do préprio
aparelho de TCFC, como as imperfeicdes do algoritmo matemético de retroproje¢ao
utilizado para o processo de reconstru¢do das imagens. Além disso, a composi¢do e
posicdo do objeto de estudo interferem significantemente nesse processo (Beledelli et al.,
2012; Schulze et al., 2011).

Diversos tipos de artefatos podem ser encontrados nas imagens da TCFC, e sua
classificacdo pode ser feita a partir dos fatores responsaveis por sua origem ou das suas
caracteristicas. Alguns exemplos de artefatos sdo: o artefato em anel, de volume parcial,
de movimentagdo, de espalhamento e os causados pela presenca de estruturas de alta
densidade e nimero atdmico, como as estruturas metélicas (Ruprecht et al., 2008; Schulze
et al.,, 2011). Um dos principais fatores responsdveis pela degradacdo da imagem pelo
artefato causado pela presenca de objetos de alta densidade é o fendmeno de
endurecimento do feixe ou beam-hardening. O feixe de radiacdo sofre diferentes graus de
atenuacdo ao atravessar os objetos e, quanto mais densas e de maior nimero atdmico forem
as estruturas, maior serd a absor¢do do feixe por elas. Estruturas metdlicas, por
apresentarem alta densidade e alto ndmero atdmico, atuam como um filtro e o feixe de
radiacao que atinge o receptor terd maior energia média que o feixe originalmente emitido.
Esse fendmeno acarreta na produ¢do de um erro na reconstru¢do dos dados que resulta
numa deterioracao da qualidade da imagem na proximidade desses objetos (Schulze et al.,
2011; Pauwels et al.,2013; Vasconcelos et al., 2017), representada na imagem na forma
de estruturas lineares, faixas e sombras orientadas ao longo da projecao.

Como a maioria dos implantes comercializados atualmente s@o feitos a partir de
um metal, o titanio, a presenca de artefatos nas imagens de TCFC € inevitavel. No entanto,
alternativas para esse problema tém sido avaliadas a fim de solucionar ou amenizar os
efeitos causados por artefatos metdlicos na qualidade da imagem, tanto no momento da
aquisicdo, por meio de mudancas nos parametros de aquisi¢cdo, quanto na fase de

reconstru¢do ou pds-processamento, por meio do uso de uma ferramenta de redugdo de
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artefato metdlico (FRA) disponivel em alguns aparelhos de TCFC (Schulze et al., 2011;
Pauwels et al.,2013).

Além disso, a busca por melhores resultados estéticos fez com que novos materiais
fossem pesquisados e empregados na fabricacdo de implantes livres de materiais metalicos
(Hochscheidt et al., 2011). Nesse contexto, oS materiais cerdmicos, como a zircOnia,
comegaram a ser empregos na fabricacdo de implantes dentdrios, tendo como principal
vantagem sua coloracao clara, que possibilita um aspecto mais neutro e natural na drea
reabilitada, uma vez que, com materiais metélicos, a cor acinzentada poderia transparecer
através da mucosa gengival (Hochscheidt et al., 2014).

Além do cardter estético do implante de zircOnia, ele possui outras caracteristicas
que viabilizam o seu uso na reabilitacdo oral, como osseointegracdo, biocompatibilidade,
alta resisténcia a flexdo e dureza. Desse modo, essas vantagens devem promover o
aumento do uso dos implantes de zirconia (Silva et al., 2010; Kohal et al., 2013). No
entanto, esse material ceramico, por ter alto nimero atdmico, possui o potencial de gerar
artefatos de imagens (Sancho — Puchades et al., 2014; Vasconcelos et al., 2017) e existem
poucas informacdes na literatura sobre o impacto dos artefatos relacionados aos implantes
de zirconia nas imagens de TCFC, sendo importante o desenvolvimento de mais estudos
nessa area.

Estudos recentes que avaliaram o padrao geométrico e a intensidade dos artefatos
em torno de implantes dentarios em TCFC usando modelos in vitro concluiram que os
artefatos sempre estavam presentes nas proximidades do implante, independentemente da
sua posicao dentro da mandibula (Schulze et al., 2010; Benic et al. 2013). No entanto, de
acordo com a literatura consultada, a magnitude de formacdo desses artefatos a partir da
regido de instalagdo dos implantes ndo foi estudada até o presente momento.

Atualmente, como os materiais utilizados para a fabricacdo dos implantes
dentarios sdo constituidos por alto nimero atdmico, como por exemplo o titanio (Z=22)
e a zirconia (Z=40), a producio e o efeito dos artefatos nas regides adjacentes ao objeto
gerador sdo bem elucidados na literatura (Schulze et al., 2010; Bechara et al., 2012; Benic
et al., 2013; Pauwels et al., 2013; Sancho-Puchades et al., 2015; Vasconcelos et al., 2017;
Machado et al., 2018). No entanto, de acordo a literatura consultada, parece nao haver
estudos mostrando até que regido a producao de artefatos pode se manifestar ou qual tipo
de implante dentédrio produz artefatos em maior magnitude e, consequentemente, qual a

influéncia na qualidade de imagem da TCFC. Dessa forma, o objetivo neste estudo foi
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avaliar a magnitude dos artefatos produzidos por implantes de titdnio e zircOnia e seu

impacto na qualidade de imagem em TCFC em trés equipamentos de TCFC.
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2. ARTIGO: Magnitude of cone beam computed tomography image artifacts related to
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Abstract

Objectives: To evaluate the magnitude of artifacts related to titanium and zirconium
implants at different distances and angulations and their impact on cone beam computed

tomography (CBCT) image quality.

Methods: CBCT images were obtained before and after the insertion of titanium and
zirconium implants in a mandible on different CBCT units: Picasso Trio, ProMax 3D and
3D Accuitomo 80. Artifact was assessed by measuring the standard deviation of gray
values (SD) and contrast-to-noise ratio (CNR) of 11 regions of interest (ROI) at different
distances (1.5cm, 2.5cm and 3.5cm) and angulations (65°, 90°, 115° and 140°) from

implant region.

Results: For titanium images, SD values did not differ from those of images without
implant in all ROIs; however, some effect occurred in Picasso images as higher values
were observed in ROIs closer to the implant (p<0.05). Zirconium images showed higher
SD values than the others in some ROIs for Picasso and ProMax (p<0.05). In ProMax,
the difference was observed even in the farthest ROIs from the implant. CNR values were
not influenced by the ROI in Picasso, but presented lower values in ROIs closer to the

zirconium implant for ProMax and Accuitomo.

Conclusions: The quantity and magnitude of artifacts in CBCT are influenced by the type
of implant and CBCT unit. Although they are more pronounced in regions closer to the
implant and located at 90° in relation to the mandibular long axis, they can reach as far as

3.5cm from the artifact-generator object.

Key-words: cone beam computed tomography; metal artifacts; titanium; zirconium.
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Introduction

Accurate preoperative surgical planning and postoperative evaluation are

important steps for a successful dental implant rehabilitation. Cone beam computed

tomography (CBCT) is recommended by several oral radiology guidelines as a

preoperative exam for dental implants planning (Tyndall et al., 2012; Harris et al., 2002;

SEDENTEXCT), and even though other guidelines recommend its use only in situations

where there is clinical doubt about bone shape or anatomical borders (Harris et al., 2012),

this examination is widely used in Implantology. In contrast, CBCT is not a part of a

routine protocol for implant post-operative examinations due to limitations inherent to

the image formation process, which leads to artifacts formation and may hinder or prevent

the proper diagnosis and/or analysis of the peri-implant site.>>*

Artifacts in CBCT images represent structures visualized after data reconstruction,

t.3

that do not correspond to real features of the evaluated object.” Their origin is related to

the differences between real physical characteristics from the objects and its attenuation

coefficient which will be received by the detector, besides limitations from the CBCT

unit itself, such as mathematical algorithm particularities in the retroprojection used for
the image reconstruction process. Moreover, the composition and positioning of objects

within the field of view may interfere significantly in this process.*®

Among the several artifact types found in CBCT images, there are those caused

by the presence of high atomic number and density structures, such as dental implant
constitutive materials.*> One of the main factors responsible for image degradation from
this type of artifact is the beam-hardening phenomenon. High density structures act as a
filter, increasing the average energy of the radiation beam reaching the detector. This
results in the production of an error in the data reconstruction that results in the
deterioration of image quality in the vicinity of these objects, represented in the image as

linear structures, bands and shadows organized along the projection.>>’

In addition to beam hardening, the noise and dispersion effects also have an
influence on the image quality.® When associated, they tend to cause the formation of
artifacts such as cupping, streaks and dark bands between dense objects or streaks at sharp
edges with high contrast to neighboring structures.”! This occurs because beam

hardening and the noise effect induces an excessive gray values variation close to high
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density objects, such as dental implant, resulting in drastically decreased values,

producing images with reduced contrast and compromising diagnosis by obscuring

nearby structures.'!

Since the implants commercialized nowadays are made of high density materials,
such as titanium and zirconium, the presence of artifacts in their CBCT image is

inevitable. Their production and effect around the artifact-generator object have been

studied in previous years.>*%711"13 However, it seems there are no studies showing how
far the artifact production could reach or which type of dental implant has greater

advantages when evaluating its magnitude and, thereafter, the impact on CBCT image

quality. Although previous studies have evaluated metal artifacts in CBCT images, the
majority of them have been qualitative ones and few studies have quantitatively compared

CBCT machines.””'* This factor is relevant since the different machines available in the

market may present significant technical differences, which interfere with their image

quality and artifact formation (Pauwels et al., 2013; Horner et al., 2015). Additionally,

besides the CBCT exam is not considered the first choice image for post-implant
evaluation,! dental implants included in the scanned region in exams performed for other

purposes can compromise the image quality. Hence, investigations about the magnitude

from artifacts produced by different types of dental implants in different CBCT machines

are still needed in the literature.

Thus, the purpose of this study was to evaluate the magnitude of artifacts related
to titanium and zirconium implants and its impact on CBCT image quality using three

CBCT units.
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Materials and Methods

This study design was approved by the local institutional research Review Board

(protocol #2.163.038).
Sample preparation

The alveolar bone was prepared for dental implant placement in the region of the
tooth 46 in two dry human mandibles. An epoxy resin—based tissue substitute (ERBS)
block was fixed on the surface of the buccal cortical plate of each mandible at the middle
level of the implant cavity to serve as a reference to select the axial images in which the

evaluations would be performed. One axial slice image was chosen, being a first image

in which the ERBS block was completely visualized in the coronal-apical orientation. An

additional ERBS block was inserted in the anterior region of the mandible to serve as a
control area. This was decided because the artifacts seemed to be pronounced in the ERBS
block positioned closed to the implant in the pilot tests, which would impair its use as a

control area.

4 mm x 11 mm titanium (Titamax, Neodent, Brazil) and zirconium oxide (Z-

Look3, Z-systems, Switzerland) implants were alternately inserted in the mandibles.

Image acquisition

Picasso Trio 3D unit (Vatech, Hwaseong, South Korea), ProMax 3D (Planmeca
Oy, Helsinki, Finland) and 3D Accuitomo 80 (Morita, Kyoto, Japan) units were used to
scan the mandibles. The acquisition protocol consisted of 80kVp, 5 mA, and voxel size
of 0.2mm for all scans. A field of view (FOV) of 8x5cm was used in Picasso and ProMax

whereas a FOV of 8x8cm was set for Accuitomo.

Each mandible was placed inside a cylindrical plastic container (16-cm diameter)

filled with water for soft tissue simulation and kept in position by the help of an

impression material (Bezerra et al., 2015; Vasconcelos et al., 2017). The container was
placed in the center of the FOV and the images were acquired before and after insertion
of the implants to generate three sets of images: a control set (without implant); a titanium
set and a zirconium set. Figure 1 shows examples of axial views of groups and units

studied. All acquisitions were repeated three times to assess the study reproducibility,

totaling 27 CBCT scans (3 experimental groups x 3 CBCT machines x 3 replicates).
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Without implant Titanium Zirconium

Picasso Trio

ProMax 3D

i
Accuitomo 170

Figure 1. Examples of cropped axial views of “without implant”, “titanium” and

“zirconium” groups acquired in units studied
Image analysis

To standardize the image selection in the proprietary viewing software of each
CBCT unit, the axial slice corresponding to the middle level of the implant height was
selected using the ERBS block as reference. Then, the axial slices were exported to
Imagel software (National Institutes of Health, USA) to obtain the mean and standard

deviation (SD) of gray values in eleven regions of interest (ROIs) with 2.8 mm x 2.8 mm

size. The analyses were performed in 8-bits images. The ROIs were located 1.5cm, 2.5cm
and 3.5cm from the central region of the implant and distributed at angles of 65°, 90°,
115° and 140° in relation to the long axis of the mandible body (Figure 2). These degrees

were chosen considering the regions that visually presented greatest artifacts expression

in the scanned volumes, respecting a symmetrical distribution (at 15° intervals) in relation

to the perpendicular line (90°). The macro function of Image J software was used to

determine and analyze the same area in all images. Three different macros with the same

pattern were recorded: one for each set of images of each machine.
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Subsequently, an additional ROI with same size was determined on the ERBS
block (Figure 2C) and served as a control area to enable the contrast-to-noise ratio (CNR)

calculation, according this formula'?:

| Meanlmpltmt - Mean’Contral |

\/SDl2mplam + SD2

Control

CNR =

[Jcr

P D P

a8

4
’ O1 05009
. M2
=
o7 s Dﬁmm
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Figure 2 Determination of the ROIs to evaluate the magnitude of artifacts. (a) One line was
determined in the center of implant image following the long axis of the mandible body.
Four additional lines at angles of 65°, 90°, 115° and 140° in relation to the first were drawn
passing through the central region of the implant. From this centered point, three semi-
circles were drawn with radii of 1.5, 2.5 and 3.5 cm. (b) On the intersection of circles and
lines, 11 square ROIs of 2.8 x 2.8 mm were established over three distance levels and four
angles in relation to the implant region. (c) Final location of the ROIs and the additional
CR were placed on the ERBS block. CR, control ROI; ERBS, resin-based tissue substitute;

ROlIs, regions of interest.

Statistical analysis

The analyses were performed using SPSS software Version 24.0 (IBM Corp.,
Armonk, NY, USA) with a significant p-value < 0.05.

The SD and CNR were compared by analysis of variance (ANOVA Two-Way)
with post-hoc Tukey test, in order to test the effects of the region and implants. The
ANOVA was conducted independently for each machine; so their results were not
matched. The null hypothesis was that the regions or implant presence did not have an

influence on SD or CNR.
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Results
Standard Deviation

Table 1 summarizes the results for the SD of the ROIs evaluated in the different

groups and scanners tested. Regarding the effect of the presence of the implant,_there

were no differences between the control and titanium groups for all ROIs and CBCT units

(p>0.05). In contrast, zirconium group had higher SD values (p<0.05), especially closer
to the implant for Picasso Trio (ROI 1), in several distances but at 90° from the implant

for ProMax (ROIs 1-3, 5-6, 9-10), and in one isolated ROI for Accuitomo (ROI 5).

Regarding the effect of the region, the control group showed no statistical

differences among all evaluated ROIs for the three CBCT units (p>0.05). For the titanium
group, some effect was observed in images of Picasso since, although there was no
difference from control group in each region, different values were found between the
ROIs, which showed in general higher SD values in the regions closer to the implant. For
the other CBCT units, there were no differences between the ROIs studied. For zirconium
groups, there were significant differences between the zones of artifact production in the
three CBCT units tested. In general, farther the region from the implant, lower was the

SD, except for Accuitomo, ROI 5.

Contrast-to-noise-ratio

The CNR values according to different groups and scanners tested are shown in
Table 2. Regarding the implant effect, the control and titanium groups showed no

differences for the Picasso and ProMax (p>0.05), but both had higher CNR than the

zirconium group (p<0.05). For the Accuitomo, there was no effect of implants on the

CNR (p<0.05).

The CNR was not influenced by ROI in the control and titanium groups for the
three CBCT units (p>0.05), while the zirconium groups had variable results depending
on the scanner. For Picasso, the CNR of the zirconium group was also not influenced by
ROI (p>0.05). On the other hand, the zirconium groups of the ProMax and Accuitomo
showed lower CNR values in the regions closer to the implant and in the central zone of

artifacts production (notably in the ROIs 1 and 5).
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Picasso Trio — Mean (SD)

ProMax 3D — Mean (SD)

3D Accuitomo — Mean (SD)

ROl Control Titanium Zirconium Control Titanium Zirconium Control Titanium Zirconium

1 63.07 (9.53) Aa 69.12 (10.44) Ab 86.58 (19.81) Bc  58.97 (7.63) Aa  65.58 (4.16) Aa  111.05(7.00) Bd 119.47 (21.12) Aa 115.63 (27.30) Aa 135.32 (15.30) Ab
2 56.21 (241) Aa  53.73(2.45) Aab 61.05(2.47) Aab 5547 (9.69) Aa  54.09 (5.52) Aa  98.08 (6.07) Bcd 102.82 (7.99) Aa 101.47 (19.57) Aa 128.43 (4.97) Aab
3 5490 (5.17) Aa  62.28(9.13) Aab  67.70 (6.06) Ab  61.36 (8.56) Aa  61.54(3.42) Aa  85.81(2.76) Bbc 111.76 (21.22) Aa 105.71 (9.98) Aa  132.04 (11.88) Ab
4 54.90 (5.17) Aa  62.28 (9.13) Aab  67.70 (6.06) Ab  63.93 (12.86) Aa  60.94 (7.93) Aa  72.62(5.38) Aab 104.30 (2.20) Aa  112.20 (8.86) Aa 105.08 (17.56) Aab
5 47.15(2.78) Aa  50.69 (2.02) Aa  49.32(3.80) Aa  49.44 (10.25) Aa  60.38 (11.65) Aa 97.74 (17.67) Bcd 128.75 (10.32) Aa 136.37 (27.53) Aa 179.32 (25.92) Bc
6 50.38 (5.44) Aa  48.19(4.26) Aa  52.71 (3.33) Aab 54.22(13.09) Aa  53.78 (7.02) Aa  72.44 (6.10) Bab 103.20 (15.91) Aa 114.36 (2.03) Aa  102.24 (6.09)Aab
7 58.34 (13.62) Aa  51.81(6.71) Aab  59.67 (3.06) Aab  59.86 (8.47) Aa  52.61 (5.51) Aa  67.88 (7.45) Aab 97.29 (23.40) Aa 121.70 (10.22) Aa 106.89 (17.91) Aab
8 65.09 (3.46) Aa  62.38(6.02) Aab 6238 (8.13) Aab  57.90(1.53) Aa  58.38(7.95) Aa  60.81 (2.06) Aa  111.33(8.16) Aa 102.08 (15.58) Aa  94.13 (0.70) Aa

9 5443 (2.22) Aa 6144 (3.12) Aab 61.60 (4.70) Aab  58.05(9.36) Aa  60.67 (7.43) Aa  80.93 (3.36) Babc 97.71 (18.51) Aa 107.51 (17.68) Aa 103.47 (9.54) Aab
10 4921 (3.73) Aa  46.32(297) Aa  54.05(4.40) Aab 5494 (3.74) Aa  58.21(5.55) Aa  81.60 (4.25) Babc 88.01 (19.66) Aa  102.36 (6.44) Aa  104.86 (9.90) Aab
11 58.35(1.68) Aa  57.67 (6.22) Aab 57.20 (5.40) Aab  46.19 (7.36) Aa  60.69 (8.65) Aa  60.53 (4.10) Aa  93.51(8.84) Aa  98.10(7.36) Aa  104.91 (9.03) Aab

Different letters (uppercase horizontally and lowercase vertically) indicate significant difference from each other (within each CBCT unit) according to ANOVA Two-Way.



Table 2. Mean of contrast-to-noise radio values (CNR) of the ROIs according to groups and CBCT units evaluated
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ROI

Picasso Trio — Mean (SD)

Control

Titanium

Zirconium

ProMax 3D — Mean (SD)

Control

Titanium

Zirconium

3D Accuitomo — Mean (SD)

Control

Titanium

Zirconium

1
2
3
4
5
6
7
8
9

10
11

9.61 (1.24) Aa
10.12 (1.25) Aa
10.11 (1.27) Aa
10.11 (1.27) Aa
1030 (1.32) Aa
10.52 (1.60) Aa
10.55 (1.20) Aa
9.05 (0.84) Aa
10.45 (1.35) Aa
10.76 (1.11) Aa
10.51 (1.15) Aa

9.41 (0.90) Aa
1031 (0.76) Aa
9.29 (1.05) Aa
9.29 (1.05) Aa
10.11 (0.75) Aa
10.45 (0.96) Aa
10.56 (0.81) Aa
8.88 (0.91) Aa
10.04 (0.79) Aa
10.78 (0.82) Aa
10.38 (0.83) Aa

8.41 (0.64) Ba
9.66 (1.32) Ba
8.31(1.20) Ba
8.31(1.20) Ba
9.64 (1.30) Ba
9.78 (1.38) Ba
9.61 (1.32) Ba
8.40 (1.45) Ba
9.52(1.22) Ba
9.92 (1.20) Ba
9.76 (1.40) Ba

14.52 (2.22) Aa
14.66 (2.68) Aa
14.07 (0.68) Aa

13.31 (1.23) ABa

16.04 (3.27) Aa
14.87 (0.77) Aa

14.35 (1.29) ABa

12.84 (1.23) Aa
15.17 (2.48) Aa
15.07 (2.06) Aa
16.38 (2.36) Aa

12.63 (1.16) Aa
14.89 (0.84) Aa
13.88 (0.71) Aa
14.31 (0.84) Aa
13.58 (1.30) Aa
15.40 (0.84) Aa
1537 (1.31) Aa
13.82 (1.39) Aa
13.85 (1.07) Aa
14.49 (0.59) Aa

14.58 (0.68) ABa

8.47 (0.74) Bb
10.60 (0.08) Bab
9.51 (0.27) Bab
11.01 (1.09)Bab

8.92 (1.64) Bb
11.90 (0.14) Bab
12.01 (0.06) Bab
11.49 (0.66) Aab
10.38 (0.82) Bab
11.00 (1.01) Bab
13.14 (1.33) Ba

4.12 (0.26) Aa
4.28 (0.16) Aa
4.12 (0.41) Aa
4.43(0.18) Aa
3.98 (0.06) Aa
4.44 (0.46) Aa
4.66 (0.78) Aa
3.98 (0.22) Aa
4.69 (0.67) Aa
4.86 (0.60) Aa
475 (0.25) Aa

4.11 (0.50) Aa
4.61 (0.54) Aa
4.15(0.33) Aa
4.13 (0.26) Aa
3.60 (0.53) Aa
4.07 (0.08) Aa
3.95(0.31) Aa
4.13 (0.35) Aa
4.20 (0.46) Aa
4.47 (0.05) Aa
4.45(0.33) Aa

3.56 (0.32) Abc
4.42 (0.20) Aa
3.81(0.15) Aabc
4.59 (0.63) Aa
2.85 (0.26) Ac
4.64 (0.16) Aa
4.61 (0.43) Aa
4.45 (0.18) Aab
4.31 (0.49) Aab
4.69 (0.27) Aa
4.61 (0.22) Aa

Different letters (uppercase horizontally and lowercase vertically) indicate significant difference from each other (within each CBCT unit) according to ANOVA Two-Way.
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Discussion

The expression of artifacts in the regions close to high density materials on CBCT

images has already been previously reported (Vasconcelos et al., 2017; Benic et al.,

2013). Nonetheless, the present study is the first to evaluate the magnitude, that is, the

intensity of the artifacts at different distances from their forming region, using three

scanners and dental implants for this purpose. In addition to the evaluation of artifacts

related to titanium implants, which are further investigated in the literature because of

their longer use in Implantology, the present study also evaluated the magnitude of

artifacts related to zirconia implants. This material has been increasingly used for

presenting high biocompatibility, good osseointegration properties, fair success rates and

for being metal free, which gives it high aesthetic results (Vasconcelos et al., 2017). As

results, we found that different types of high density materials and CBCT units present

different behaviors regarding expression and magnitude of artifacts in CBCT images.

The use of human mandibles placed in cylindrical plastic container filled with
water for simulation of attenuation and dispersion of x-ray beams through soft tissues is
important for reproduction of an in vivo situation.® Different mandibles have been used

as phantom for the different units in this study. Although we recognize that this is not the

ideal study condition, since some possible interference with our findings was not

investigated, all the images acquired in each CBCT unit were obtained using a single

mandible and the same dental implants, positioned in a standardized region. In addition

the SD and CNR values were not directly compared between the CBCT units. Therefore,

we belive the use of the two mandibles did not affect the overall results of the study.

The acquisition protocol used for each CBCT unit was selected according to the

manufacturer's recommendations as the optimal exposure setting for average adult

patient, although it is known that the exposure parameters should ideally consider both

patient features and indication related to specific diagnostic tasks in order to obtain dose

reduction at a satisfactory image quality (Bushberg, 2015. Oenning et al., 2017). The main

technical differences between the CBCT units evaluated were the number of base images

and time of exposure. In a same TCFC unit, the higher the number of base images, the

better is the expected image quality, because there is more data to reconstruct the images.

Likewise, it has been shown that increases in kVp and mAs are related to a decrease in

artifact production in CBCT images (Vasconcelos et al., 2017; Pauwels et al., 2013;
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Bechara et al., 2012). In the present study, CBCT units were not directly compared

because other factors are also related to image formation and artifacts expression, such as

mathematical algorithms for image reconstruction and image receptor technology.

3,7,14,15

As in previous studies, the objective evaluation of artifact production in

CBCT images was performed by calculating the SD of gray values and CNR. SD values

allow a general estimation of darkening and brightening extension caused by high density

materials as measure by the variation of gray values. So higher SD value or higher
variation indicates higher artifact production. The evaluation of the magnitude of artifacts
was done through the comparison between values obtained in the regions closer to the
implants and in the more distant regions, in different angulations. On the other hand, the
CNR evaluation was made after the selection of another region of interest located in

ERBS block. This region was selected due to this material’s homogeneous density and,

consequent, low internal standard deviation (no artifacts).

In general, according to the SD and CNR values, the titanium implant did not

produce very remarkable artifacts, except for some areas closer to the implant located 90°

in relation to the long axis of the mandible body (ROI 1) in Picasso. Differently, other

studies found massive beam-hardening artifacts arise for titanium implants.”'"'®> The

difference between these findings can be attributed to the particularities of each study

design, considering that only those areas adjacent or very close to the implant were

d 7,11,13

previously analyze while here we evaluated the intensity these artifacts in greater

distances to the implant.

On the other hand, zirconium implants behaved, in most cases, differently from
other groups in all CBCT scanners, presenting higher SD values. Probably, the reason is
related to the properties of this material, since the atomic number (Z = 40) is higher than

titanium (Z=22). A tendency for artifacts to decrease with distance from the implant was

expected and it was in fact observed. However, it is important to highlight that, although
the artifact is more pronounced in the regions closer to the implant, it can reach as far as

3.5cm from the artifact-generator object, depending on the scanner.

A previous study assessed the gray values at 0.5mm, Imm and 2mm from the

t.13

surface of the titanium, titanium-zirconium or zirconium implant. ~ Similar to our study,

the authors concluded that the zirconium generated more artifacts than other types of
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implant, mostly in the regions closer to the implant. In addition, the furthest distance from

the implants evaluated was 2mm, which is still very close to the object. As explained

previously, different from other studies that tested the artifact around the implant and its

impact on implant-related diagnoses such as periimplant fenestration and dehiscence,'®!”

our main goal was to evaluate the artifact production when the implant analysis is not the

reason for the CBCT requirement, but it still is in the FOV.

Similar to SD, the CNR values of control and titanium groups of three CBCT units

showed they are homogenous images. Otherwise, the zirconium group behaved in an

unusual way for each unit, but in general confirming the reduction of image quality in the
regions located at 1-2 cm and 90° in relation to the long axis of the mandible body. Only

Picasso Trio and ProMax 3D presented difference between implants types; however, the

majority of ROIs showed lower CNR values for the zirconium group, corroborating its

negative influence on image quality.

As previously stated, the literature presents a paucity of studies that have

evaluated the effect of artifacts produced by high density materials far from its source. In
this sense, there are few previous studies that may be compared with our findings.
Considering that we observed different behavior between the types of implants and the
CBCT scanners, new studies evaluating the magnitude of artifacts produced by other
metallic restorative materials in other machines should be performed. Since the intensity
of the artifacts produced in CBCT images was higher in regions closer to the dental
implants, further studies are needed to evaluate the interference of artifacts in the

diagnosis of pathological conditions adjacent to the implant.

In a clinical context, our results suggest that the presence of dental implants either

titanium or mainly of zirconia, causes a decrease in the image quality even in distant

regions of the site of installation. Consequently, they can affect the evaluation of other

areas that are located near or far from the region where the dental implant is installed,

proving that the artifacts are not restricted to the region near to high density material.

Thus, diagnostic capacity in other areas that are located far from the artifact-forming

region may be difficult, and clinical investigations are needed to better elucidate this

hypothesis.
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In addition, some authors observed that adjustments in exposure protocols in
different clinical contexts may improve the CBCT image quality.>'>!%!° However, it
seems there are no data about the impact of changes in exposure protocol on magnitude
of artifacts caused by the beam hardening phenomenon. Thus, we encourage future
studies to establish exposure protocols that promote a better relationship between

exposure dose and quality in evaluation of CBCT images in regions surrounding implants.

Conclusion

Quantity and magnitude of the artifacts in CBCT images can be influenced by the
type of dental implant and CBCT unit. Zirconium implants have greater deleterious
effects on image quality. Although they are more pronounced in the regions closer to the
implant and located at 90° in relation to the mandibular long axis, they can reach as far as

3.5cm from the artifact-generating object. In view of spread of the use of CBCT and the

importance of its artifacts in the clinical practice of dentistry as well as the variability of

the results, the authors encourage the professionals to be aware of how the artifacts may

be extensive in their own scanners, if they work with different units than those studied

here.
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3. Conclusao

A partir dos resultados obtidos, pode-se concluir que o implante de zircOnia
produz uma maior quantidade de artefatos, acarretando na reducdo da qualidade da
imagem. Embora o efeito dos artefatos seja mais expressivo nas regides proximas ao
material gerador e perpendicular ao longo eixo do corpo da mandibula, dependendo do
material e do aparelho de TCFC, ele pode se manifestar até 3,5 cm do material de alto

ndmero atdmico.
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APENDICE

1. METODOLOGIA DETALHADA

1.1.  Aspectos Eticos

O presente estudo foi realizado apés a apreciacio do Comité de Etica em Pesquisa
da Faculdade de Odontologia de Piracicaba, da Universidade Estadual de Campinas —
FOP/UNICAMP — Numero do Parecer: 2.158.179, conforme consta no certificado de

aprovacao (Anexo 2).

1.2. Preparo da Amostra

Para a realizacio do estudo, foram utilizadas duas mandibulas humanas
maceradas. Uma das mandibulas foi utilizada para a aquisicio das imagens no
equipamento Picasso Trio e faz parte do biobanco da area de Radiologia Odontoldgica da
Faculdade de Odontologia de Piracicaba. A outra mandibula foi utilizada para a aquisi¢ao
das imagens nos equipamentos ProMax 3D e 3D Accuitomo 80 e foi cedida pela divisao
de Radiologia Oral da University of Texas Health Science Cental at San Antonio. Foram
utilizadas duas mandibulas humanas pelo fato de parte das aquisi¢des das imagens terem
sido realizadas em uma institui¢do do exterior e, por motivos éticos, optou-se por nao
transitar com material biol6gico entre os paises. As mandibulas selecionadas
encontravam-se parcialmente edéntulas e foram eleitas de forma aleatdria em relacdo ao

género e a idade.

Para ambas mandibulas, foi selecionada a regido posterior do lado direito para a
insercao dos implantes dentdrios. Em momentos diferentes, foram instalados dois tipos
de implantes na regido do dente 46 (Figura 1): um implante de titdnio (Titamax, Neodent,
Brazil) e outro de 6xido de zirconia (Z-Look3, Z-systems, Switzerland), ambos com a

mesma dimensao (4 mm x 11 mm).
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Figura 1 — Implantes dentérios utilizados para aquisi¢cdo das imagens. A - Implante de
titanio (Titamax, Neodent, Brazil). B - Implante de 6xido de zirconia (Z-Look3, Z-

systems, Switzerland).

(Imagens fornecidas pelos fabricantes dos implantes)

Na mesma regido, foi fixado um bloco de material epoxi-resinoso substituto de
tecido 6sseo (ERB) na cortical vestibular com o auxilio de cera de utilidade. O bloco foi
posicionado na altura referente a metade da altura do implante dentdrio, com o objetivo
de padronizar a sele¢do das imagens axiais a serem avaliadas. Adicionalmente, foi fixado
um bloco de material epdxi-resino substituto de tecido dsseo (ERBS) na cortical
vestibular da regido anterior da mandibula para servir de drea controle na andlise das

imagens.

Cada mandibula foi fixada em um container cilindrico de pléstico (16 cm de
didmetro), por meio de um material de moldagem de alta precisdo adaptado as regides
anterior e de corpo mandibular bilateralmente, o que possibilitou a padronizacdo da
posicdo mandibular durante as aquisicdes das imagens (Figura 1).

Ap6s a fixacdo das mandibulas, o interior do container foi preenchido com édgua,
objetivando a simulacdo da atenuacio do feixe de raios X pelos tecidos moles, simulando

uma situacdo in vivo (Vasconcelos et al., 2017).
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Figura 2 — Vista superior do phantom: mandibula humana posicionada no interior do
container de pléstico e fixada com auxilio de um material de moldagem de alta precisao,

e implante de zircOnia posicionado na regido do dente 46.

1.3. Aquisicao das imagens

Ap6s o preparo dos phantons, as mandibulas foram escaneadas em trés aparelhos
de TCFC: Picasso Trio 3D (Vatech, Hwaseong, South Korea), ProMax 3D (Planmeca
Oy, Helsinki, Finland) e 3D Accuitomo 80 (Morita, Kyoto, Japan). As aquisi¢cdes das
imagens foram realizadas com os phantons posicionados nas plataformas fornecida pelos

aparelhos, de forma centralizada ao FOV (Figura 2).

Figura 3- Phantom posicionado na plataforma do equipamento ProMax 3D.
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Foram adquiridas imagens antes e apds a inser¢do de cada tipo de implante para
que fosse possivel comparar os valores adquiridos nas imagens com artefatos com os
valores das mesmas imagens sem a formacao de artefatos pelo implante (antes da inser¢ao
do implante — Grupo controle). Dessa forma, foram obtidos 3 grupos experimentais:
grupo de imagens sem implante (Grupo Controle), grupo de imagens contendo o implante
de titanio (Grupo Titanio) e grupo de imagens contendo o implante de zirconia (Grupo
ZircOnia).

O posicionamento dos phantons nos aparelhos durante a aquisicdo das imagens
foi padronizada com o auxilio das luzes de orientacdo presentes nos equipamentos
estudados. O Plano Sagital Mediano da mandibula se encontrava perpendicular ao plano
horizontal, coincidente com a luz de orientacdo do aparelho, reproduzindo o correto
posicionamento do paciente, e o plano oclusal paralelo ao plano horizontal. Além disso,
foram seguidas as demais guias de orientacdo para que a mandibula permanecesse

centralizada no FOV (Figura 3).

Figura 4 - Mandibula e container pléstico alinhados com a luz de orientacdo do Plano

Sagital Mediano.

As imagens foram adquiridas utilizando os mesmos parametros de aquisi¢io: 80
kVp, SmA e tamanho do voxel de 0,2 mm. Para os aparelhos Picasso Trio e ProMax, foi

utilizado o mesmo tamanho de FOV (8 x 5 cm). As imagens adquiridas no equipamento
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Accuitomo foram obtidas com o FOV de 8 x 8 cm. Foram selecionados os tamanhos de
FOVs adequados para abranger toda a mandibula, mas seguindo os protocolos disponiveis
para cada equipamento. Todas as aquisi¢cdes foram repetidas trés vezes. Dessa forma,
foram totalizados 27 escaneamentos de TCFC (3 grupos experimentais x 3 aparelhos de

TCFC x 3 repeti¢des), conforme € possivel observar no Quadro 1.
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Quadro 1 — Escaneamentos de TCFC realizados no estudo de acordo com os grupos experimentais € 0s

aparelhos utilizados.

Nuamero do Escaneamento Grupo Experimental Aparelho de TCFC
1 Controle Picasso Trio
2 Controle Picasso Trio
3 Controle Picasso Trio
4 ZircOnia Picasso Trio
5 ZircOnia Picasso Trio
6 ZircOnia Picasso Trio
7 Titanio Picasso Trio
8 Titanio Picasso Trio
9 Titanio Picasso Trio
10 Controle ProMax 3D
11 Controle ProMax 3D
12 Controle ProMax 3D
13 ZircOnia ProMax 3D
14 Zirconia ProMax 3D
15 Zirconia ProMax 3D
16 Titanio ProMax 3D
17 Titanio ProMax 3D
18 Titanio ProMax 3D
19 Controle 3D Accuitomo 80
20 Controle 3D Accuitomo 80
21 Controle 3D Accuitomo 80
22 ZircOnia 3D Accuitomo 80
23 ZircOnia 3D Accuitomo 80
24 ZircOnia 3D Accuitomo 80
25 Titanio 3D Accuitomo 80
26 Titanio 3D Accuitomo 80
27 Titanio 3D Accuitomo 80
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1.4. Analise das imagens

As imagens foram avaliadas utilizando um monitor LCD de 24,1 polegadas
(MDCR-2124, Barco, Kortrijk, Belgium) com uma resolu¢@o de 1920 x 1200 pixels em
um ambiente tranquilo, com baixa iluminacao.

Para cada volume adquirido, foi selecionada uma reconstrug¢do axial para ser
realizada a avaliacdo da qualidade da imagem, por um radiologista odontolégico
previamente treinado. Individualmente, as imagens axiais selecionadas foram exportadas
para o software Image] (National Institutes of Health, USA), para que assim fosse

possivel realizar a avaliacao dos histogramas das regides de interesse determinadas.

1.4.1. Selecdo das reconstrucdes axiais

A selecdo das reconstrugdes axiais a serem avaliadas foi feita nos softwares de
visualizacdo de imagens dos proprios tomoégrafos (Picasso Trio - Ez3D, Vatech,
Hwaseong, Coreia do Sul; ProMax 3D — Planmeca Romexis 3.0.1 R, Planmeca Ou,
Helsinki, Finland; Accuitomo 80 — i-Dexel 2.0, Morita, Kyoto, Japan. Objetivando a
padronizacdo da sele¢do das imagens, foi selecionada a primeira reconstru¢ao axial na
qual era possivel visualizar a porcao superior do bloco de ERB. Para confirmar a correta
selecdo das imagens, por meio do plano coronal, foi feito a mensuracdo da altura entre a
porc¢do apical do implante e a linha de referéncia do plano axial determinada. Para todos
as imagens selecionadas, essa medida linear era equivalente a 5,5 mm (Terco médio do
implante) nas imagens dos Grupos Titanio e Zirconia. A presenga do bloco de ERB foi
de grande importancia na obtencdo padronizada da mesma imagem axial nos exames
adquiridos sem implante dentdrio. Apds essa sele¢do, cada imagem axial foi salva e

exportada para o programa ImagelJ, sob uma escala de 8-bits.
1.4.2. — Selecdo das regides de interesse (ROIs)

No software Image J, em uma das imagens selecionadas, primeiramente, foram
desenhados trés semicirculos com diferentes tamanhos de raios (1,5 cm; 2,5 cm; 3,5 cm;
respectivamente) em torno da regido do implante, na porcao interna da mandibula, e os

seguintes planos de referéncia foram determinados: uma linha passando pelo longo eixo
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da mandibula e pelo centro da regido do implante; outra linha perpendicular a primeira.
Ap6s isso, levando em consideracdo a linha previamente determinada, foram tracadas trés
linhas adicionais: duas linhas anteriores e uma posterior. Dessa forma, as linhas foram
distribuidas, simetricamente, nos angulos de 65°, 90°, 115° e 140° em relagdo ao longo
eixo do corpo mandibular (Figura 4a). A escolha das angulacdes foi feita considerando
as regides que apresentavam, visualmente, a maior expressividade dos artefatos nos

volumes adquiridos.

ApOs isso, regides de interesse com formato quadrangular foram determinadas nas
areas intersecdo das linhas com os semicirculos, totalizando 11 ROIs de mesmo tamanho
(2,8 cm x 2,8 cm) (Figura 4b). Posteriormente, foi ativada a funcdo calculo do histograma
para a obtencdo da média e do desvio padrao (DP) dos tons de cinza de cada umas da
ROIs. Para a padronizagdo das posicdes das regides a serem avaliadas nas reconstru¢des
axiais selecionadas, foi utilizada a fun¢do macro do software ImageJ. Dessa forma, trés
macros diferentes, seguindo o mesmo padrdo de referéncia, foram gravadas: uma para
cada conjunto de imagens de cada aparelho de TCFC. As macros criadas foram aplicadas
de modo que as posi¢des das ROIs ndo sofressem alteracdes e, consequentemente, as

andlises dos histogramas fossem realizadas nas mesmas regioes.

Subsequentemente, uma ROI adicional com 0 mesmo tamanho das anteriores foi
determinada no bloco ERBS (Figura 4c¢) e serviu como uma drea de controle para permitir
o cdlculo da relac@o contraste-ruido (CNR), de acordo com a seguinte férmula (Bechara

et al., 2012):

N Mean,, ;14 — Mean .,

CNR
'J &Dli piant + SDg‘mn'm'
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Figura 4 - Determinacgdo das regides de interesse (ROIs). A. Determinacdo de trés semicirculos, na regido interna da
mandibula, com raios de tamanhos 1,5 cm, 2,5 cm, 3,5 cm. Apds isso, foram determinadas duas linhas de referéncia:
uma passando pelo longo eixo do corpo da mandibula do lado direito e pelo centro do implante dentério e outra
perpendicular a essa primeira. Apds isso, foram determinadas trés linhas adicionais nos angulos 65°, 115° e 140° em
relacdo a linha perpendicular ao longo eixo da mandibula (90°). B. Determinagdo de 11 ROIs quadradas, de mesmo
tamanho, nas dreas de interse¢do dos semicirculos com as linhas. C. Localiza¢@o final das ROIs e localizacdo da ROI
controle (CR) posicionada no bloco de material epdxi-resino substituto de tecido 6sseo (ERBS).

1.5. Analise Estatistica

As andlises foram realizadas utilizando o software SPSS Versao 24.0 (IBM Corp.,

Armonk, NY, EUA), adotando como valor significativo de p< 0,05.

Os valores de DP e CNR foram comparados pela andlise de varidncia (ANOVA
Two-Way) com teste post-hoc de Tukey, para testar os efeitos da regido e dos implantes.
A ANOVA foi conduzida de forma independente para cada aparelho de TCFC. Logo,
seus resultados nao foram comparados entre si. A hipdtese nula foi que as regides ou a

presenca dos implantes dentdrios ndo influenciariam os valores de DP e/ou da CNR.
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