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RESUMO

O presente estudo teve como objetivo avaliar quantitativamente a interferéncia
dos artefatos metalicos causados pelo titanio em diferentes posicfes e quantidade no
arco dentario em imagens adquiridas nos aparelhos de TCFC Picasso Trio e OP300
Maxio nas estruturas 6sseas e dentarias com e sem o uso da ferramenta de reducéao
de artefatos (FRA). Um fantoma acrilico contendo em seu interior 8 perfuracfes
simulando um arco dentario, cinco raizes de pré-molares inferiores permanentes e
cinco blocos 6sseos de uma costela bovina mantidos na mesma posicdo para as
aguisicdes tomograficas, foi a area de analise para todos os protocolos. Cinco cilindros
de titdnio foram inseridos gradativamente nas regides adjacentes e opostas as das
raizes e blocos ésseos. Foram adquiridos 9 protocolos que diferiram em relacdo a
distribuicdo e quantidade de cilindros metélicos: Controle (sem metal); A — 1 metal
posterior, do lado oposto a area de analise; B - 2 metais lado oposto a area de analise;
C - 2 metais posteriores e 1 metal anterior lado oposto a area de analise; D - 1 metal
posterior e adjacente a area de analise; E - 2 metais posteriores adjacentes a area de
analise; F - 2 metais posteriores e 1 na regido anterior adjacente a area de analise; G
—1 metal na regido anterior do lado oposto a area de analise; e H - 1 metal na regido
anterior e 1 metal na posterior, ambos do lado oposto da &rea de analise. Os desvios
padrbes dos valores de cinza ao redor dos tercos radiculares dentarios, osso medular
e cortical foram quantificados no software ImageJ. A expresséo de artefatos entre os
aparelhos foi avaliada pelo teste de Wilcoxon, a expressdo dos artefatos nos
protocolos e agdo da FRA pelo teste de Kruskal-Wallis (p<0.0001) com nivel de
significancia de 5%. Para os dentes, o aparelho Picasso (p<0.0001) apresentou maior
expressao de artefatos, independentemente da ativacdo da FRA e da quantidade de
objetos metélicos. Para os dois equipamentos, o protocolo F apresentou a maior
expressao de artefatos quando comparado com os demais protocolos para as areas
ao redor das raizes e blocos 6sseos. Conclui-se com este estudo que a expresséao de
artefatos causados por titdnio € maior quando maior a quantidade de objetos metalicos
presentes nas regides adjacentes a eles. As ferramentas de reducgéo de artefatos se
mostraram eficazes para as estruturas dentarias, porém a analise sofreu interferéncia
direta em relagdo ao equipamento utilizado. Palavras chaves: Artefatos, Implantes

Dentérios, Tomografia Computadorizada de Feixe Cbonico



ABSTRACT

The present study aimed to evaluate quantitatively the metal artefact
interference caused by titanium in different positions and quantities in the dental arch
in images acquired in two CBCT devices (Picasso Trio and OP300Maxio) on the dental
and bone structures with or without Metal Artefact Reduction (MAR) tool. A PMMA
phantom with 8 perforations simulating a dental arch, five lower premolars roots and
five bone cylinders from a bovine rib were kept in position for all the acquisitions. Five
titanium cylinders were inserted on the adjacencies and on the opposite side of the
roots and bone cylinder. Nine protocols differed according to the distribution and
guantity of the metal cylinders: Control (no metal); A — 1 posterior metal on the opposite
side of the analysis region (AA); B - 1 posterior metal on the opposite side of the AA;
C - 2 posterior metals and 1 anterior metal on the opposite side of the AA; D - 1
posterior metal on the adjacent side of the AA; E - 2 posterior metals on the adjacent
side of the AA; F - 2 posterior metals and 1 on the anterior region on the adjacent side
of the AA; G —1 metal on the anterior region on the opposite side of the AA; and H - 1
metal on the anterior region and 1 metal on the posterior both on the opposite side of
the AA. The standard deviation of the grey values around the root thirds, trabecular
and cortical bone were quantified on the software ImageJ. The artefact expression
between devices was evaluated by Wilcoxon test, the artefact expression on the
protocols and MAR action by the Kruskal-Wallis test (p<0.0001) with significance level
of 5%. For teeth, Picasso (p<0.0001) showed more artefact expression undependably
of MAR activation and metal quantity. For both devices, Protocol F showed more
artefact expression when compared to the other protocols for the regions around the
root and bone cylinders. It may be concluded that the artefact expression caused by
titanium is higher when more metal objects are presented on their adjacencies. The
metal artefact reduction tools were effective on dental structures thus this evaluation
was influenced by the device used. Key Words: Artefacts, Dental Implants, Cone

Beam Computed Tomography
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1. INTRODUCAO

Na Tomografia Computadorizada de Feixe Coénico (TCFC), a fonte de
radiacdo e o detector de imagem giram de forma circular ao redor do objeto a ser
escaneado. O feixe de radiacdo, de formato piramidal ou conico, é atenuado pelo
objeto e as multiplas projecdes sdo capturadas pelo detector. Apos a aquisicao, as
imagens sdo submetidas a algoritmos de reconstrucdo que, por sua vez, variam de
acordo com os fabricantes (Pauwels et al., 2015).

A reconstrucdo das proje¢cBes volumétricas é feita a partir de uma matriz
formada por voxels. Cada voxel representa um valor numérico de cinza, proporcional
ao coeficiente de atenuacdo linear das estruturas. Os valores de voxel dessa
modalidade apresentam uma grande variabilidade decorrente de caracteristicas
inerentes a técnica, tais como principios geométricos, energéticos e presenca de
artefatos (Parsa et al., 2012; Pauwels, et al., 2013; Oliveira et al., 2014; Pauwels et
al., 2015).

Os artefatos sdo estruturas presentes na imagem reconstruida, que néo
representam o objeto real. Tais representacdes interferem na visualizagcdo e
interpretacdo das estruturas reais. Eles podem apresentar diversas etiologias: efeito
de volume parcial e dispersdo, movimento do paciente, ruidos, absorcdo e
endurecimento do feixe por materiais de elevado ndmero atdémico (Cremonini et al.,
2012; Codari et al., 2017; Queiroz et al., 2017; Vasconcelos et al., 2017).

Dentre os artefatos inerentes a técnica, podemos citar o efeito de
disperséo, que representa a degradacdo da imagem através de estrias pela dispersao
da trajetdria dos fétons de raios X apoés interagirem com a matéria, formando ruidos
na imagem. Também, o efeito de volume parcial € inerente a técnica e ocorre quando
as dimensofes do voxel selecionado para as aquisicfes sd0 maiores que o objeto a
ser analisado (Schulze et al., 2011)

O movimento do paciente no momento da aquisicdo pode resultar em
estruturas de contornos duplos e distorcidos. Este tipo de artefato pode ser acentuado
nos protocolos em que voxels de menores dimensdes séo utilizados por elevar o
tempo de aquisicao (Spin-Neto et al., 2013).

Ja o endurecimento do feixe de raios X se da atraves da absorcdo dos

fétons de menor energia por materiais de elevado niumero atémico, como os implantes



13

dentarios, restauracdes metdlicas e materiais endodénticos. Como consequéncia
dessa absorcéo diferencial, a energia média do feixe resultante que atingira o receptor
de imagem é elevada, gerando bandas hiperdensas e hipodensas na imagem
(Pauwels et al, 2013).

Estratégias tém sido estudadas e utilizadas em varios aparelhos de TCFC
para minimizar a interferéncia dos artefatos metélicos nas estruturas. Uma das
estratégias utilizadas é o ajuste dos parametros energéticos, elevadas quilovoltagens
pico (kVp) mostraram-se eficazes na reducdo da expressao dos artefatos metalicos
por elevar a energia dos fétons de raios X que irdo interagir com o objeto formador de
artefatos (Freitas et al, 2018). Ja os algoritmos matematicos denominados
Ferramentas de Reducao de Artefato (FRA) agem na reconstrucéo final da imagem,
amenizando o efeito da polarizacao dos raios X (Bechara et al., 2012; Queiroz et al.,
2017). A principal contribuicdo desses algoritmos esta na reducédo do ruido causado
pelos artefatos (Bechara, 2012), visando a obtencéo de imagens que permitem melhor
visualizacdo das estruturas anatdbmicas e, consequentemente, diagnostico e conduta
clinica mais acurados (Freitas, et al. 2018).

O sucesso clinico, na sua maior parte, se deve a um planejamento
detalhado através de exames clinicos e imaginolégicos para se evitar injurias na
integridade das estruturas anatdmicas nas diversas areas da Odontologia (Brustein et
al., 2008; Rathee et al., 2015). Na implantodontia, o planejamento cirlrgico prévio a
instalacdo dos implantes pode ser realizado através de exames intraorais e extraorais.
Dentre as técnicas extraorais destaca-se a TCFC (Schropp et al., 2011; Gupta et al.,
2013), que permite a avaliacao das estruturas 0sseas adjacentes, do tipo e qualidade
0ssea da regido receptora e as distancias entre a area implantar e estruturas nobres
(Brustein et al., 2008; Gerlack et al., 2013; Dau et al., 2017; Gupta et al., 2017).

Desta forma, o presente estudo teve como objetivo avaliar
guantitativamente a interferéncia dos artefatos metéalicos causados pelo titanio em
diferentes posi¢cdes e quantidade no arco dentario em imagens adquiridas em dois
aparelhos de TCFC nas estruturas 0sseas e dentarias com e sem o uso da ferramenta

de reducéo de artefatos.
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ABSTRACT

Implant surgery may be planned by means of Cone Beam Computed
Tomography (CBCT). High density materials such as titanium implants produce
artefacts decreasing the image quality and under or super estimating anatomical
structures. This study aims to evaluate the interference of artefacts caused by titanium
on the region around teeth and bone structures in images acquired in two CBCT
devices considering different distances, quantity and locations in the dental arch with
and without the use of the Metal Artefact Reduction (MAR) tool. Five single rooted
teeth, and five bone and titanium cylinders were arranged and positioned in different
locations and quantities in a PMMA phantom with perforations simulating a lower
dental arch and scanned in nine different protocols (Control, A-H). Eight regions of
interest around each root third, cortical and trabecular bone were used to measure the
grey value standard deviation corresponding the artefact expression in the Image J
software. Both the artefact expression and the MAR effect were assessed using the
Wilcoxon and Kruskal-Wallis tests (significance level of 5%). For teeth, Picasso Trio
(p<0.001) expressed more artefacts when compared to OP300 Maxio regardless of
the MAR activation. For both devices, protocol F (3 metals on the adjacent area of the
analysis region) showed higher artefact expression for bone and teeth when compared
to the others. In conclusion, artefact expression caused by titanium is greater when
more metal objects are positioned in the adjacent dental and bone structures in CBCT
images however bone was more affected by the artefact expression when compared
to teeth. The MAR seems to be effective on the adjacencies of teeth, but its action may

vary from a device to another.

Key-words: Artefacts, Cone Beam Computed Tomography, Dental Implants
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INTRODUCTION

In the last decades, dental implants have been used in dentistry as an
alternative in dental rehabilitation of partially or totally edentulous patients. A surgical
planning is carried out by a meticulous clinical inspection and image examinations.
Images acquired by Cone Beam Computed Tomography (CBCT) is being widely used
for a more accurate quantification and bone quality evaluation on the surgical region!-
3. The volumetric projections are reconstructed from a volume element (voxel) matrix.
Each voxel represents a numerical grey value according to the linear attenuation of the
structures. Due to the inherent characteristics of the technique, such as geometric and
energy principles and the presence of artefacts, these values have a great variability*-
6

Artefacts are structures in the reconstructed image and do not represent the
real object’. Many etiologies have been reported and attributed to the CBCT devices,
computational reconstruction, patients” movement and beam hardening®-1°. The beam
hardening phenomenon is one of the most prominent causes of artefacts and it occurs
when lower energy photons are absorbed by high-density materials such as dental
implants, metal restorations, and endodontic fillings. This absorption increases the
mean energy of the beam producing streaks and dark bands. Due to this beam
hardening effect, the anatomical interpretation and measurements may be
underestimated and then influence the implant planning!*2,

Strategies have been developed and used in many CBCT devices to reduce
metal artefacts®*-1®> and then improve the anatomical interpretation obtaining a more
accurate diagnosis and clinical conduct. Mathematical algorithms called Metal Artefact
Reduction (MAR) are post-acquisition tools that reduce noises caused by the artefacts,
by using noncorrupted projections and discarding the projections affected by the
artifacts or segmenting firstly the corrupted projections and then replacing using
estimated values. The method used to reduce the metal artifact will vary from a
manufacturer to another.

Thus the metal artifact production and limitations on the MAR action should
be considered when high-density material objects are already in the dental arch in
order to avoid injuries to the anatomical structures'® for this reason a great attention

on the placement area and its adjacencies is needed on dental implant planning.’°.
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This study aims to evaluate the interference of artefacts caused by titanium on
the region around teeth and bone structures in images acquired in two CBCT devices
considering different distances, quantity and locations in the dental arch with and
without the use of the Metal Artefact Reduction (MAR) tool.

MATERIALS AND METHODS

The present study was approved by the Local Human Research Ethics
Committee under the protocol number 84695418.2.0000.5418.

Phantom

A PMMA Phantom (Diameter: 100 mm, height: 43.5 mm) was developed for
this study. A human lower arch was simulated in the phantom with eight perforations
in the region of first and second molars, first premolars and lateral incisors (Seven 5.5
mm x 14.5 mm and one 7.5 mm x 14.5 mm in the first right premolar region), according
to previous studies 2%2! which evaluated the intermolar, intercanine and mesiodistal

coronal distances (Figure 1).
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Figure1: Schematic drawing of the phantom perforations.

Sample preparation
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Five bone cylinders (7.5mm x 10.5mm) with trabecular and 2 mm cortical
bones from a fresh bovine rib were collected by means of an 8 mm trephine bur (S.I.N.
Implantes, Sao Paulo, Brazil) at 30.000 rpm and abundant saline irrigation by an oral
and maxillofacial surgeon (Figure2 A).

Five first lower premolars were kept in 10% neutral formalin after extraction
and then crowns were sectioned with a cylindrical diamond bur at high speed with a
straight handpiece and abundant saline irrigation. After coronal section, all roots were
included in chemically activated acrylic resin (VIPI, Sao Paulo, Brazil) (Figure2 B).
Both teeth and bone cylinders were placed in the perforated space (the one with 7.5
mm x 14.5 mm) denominated analysis region (AR) for all protocols.

Titanium cylinders with 14.5 mm in height and 5.5 mm in diameter (S.I.N.
Implantes, Sao Paulo, Brazil) (Figure 2 C) simulated dental implants and were placed
at different positions and quantity in the simulated dental arch, following the acquisition

protocols (Table 1).

Figure 2. Sample preparation. (A) Bone cylinder removal (B) Premolar included in
the chemically activated acrylic resin after coronal section (C) Titanium cylinders.

CBCT acquisitions

CBCT acquisitions were performed using the OP300 MAXIO
(Instumentarium — Tuusula — Finland) and Picasso Trio (Vatech/E-WOO Technology,
Seoul, Korea) devices at 90 kVp, 3.2 mA, voxel size 0.2 mm, and field-of-view of 8 x

15 cmand 8.5 x 12 cm, respectively. All protocols were performed without and with the
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use of MAR algorithm selected before each acquisition. The acquisition protocols are

shown in Table 1.

Table1: Acquisition Protocols, Implant positioning and description

Protocol Imp!qnt : Description
Positioning
Analysis
Control region (AR) No Metal
A 1 One posterior titanium cylinder
on the opposite side of the AR
Two posterior titanium cylinders
B land2 on the opposite side of the AR
Two posterior titanium cylinders
C 1,2and 3 and one anteriorly on the
opposite side of the AR
D 4 One posterior titanium cylinders
on the adjacent side of the AR
Two posterior titanium cylinders
E 4and5 on the adjacent side of the AR
Two posterior titanium cylinders
F 4,5and 6 and one anteriorly on the
adjacent side of the AR
G 3 One anterior titanium cylinder
on the opposite side of the AR
One posterior titanium cylinder
H 2 and 3 and one anterior implant on the

opposite side of the adjacent
side of the AR

The phantom was held in the same position for all acquisition protocols with

the use of one custom diagram and the reference lines of the devices. Examples of

acquired images are given in Figure 3.
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Control

Without MAR

A Control

With MAR

Figure 3: Examples of axial reconstructions (OP300 Maxio) without and with
the use of MAR in the protocols for a dental sample.

Image analysis

All 360 CBCT scans were assessed by a single radiologist examiner in
Image J software (NIH, Bethesda, Maryland, USA). The mean and standard deviation
of the grey values was measured from eight standardized regions of interest (ROIs) for
each third of roots (Cervical, Middle and Apical), trabecular bone and lower cortical
bone in all protocols. The standard deviation of the grey values, which represents their
variability, was averaged and underwent to the statistical analysis (Figure 4).
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Cervical Middle Apical  Trabecular Bone Cortical Bone

Figure 4: Eight ROIls in axial reconstruction in the three thirds of roots
(A), trabecular bone and cortical bone (B).

Statistical analysis

Wilcoxon test assessed the artefact expression among devices and
Kruskal-Wallis (p<0.0001) the artefact expression in the protocols and the MAR
algorithm effect from the regions of interest at a significance level of 5%. All the
statistical analyses were carried out using the GraphPad Prism 7.0 (GraphPad
Software, La Jolla, CA, USA) and the SPSS 25.0 (SPSS Inc., Chicago, lllinois, EUA).

RESULTS

For teeth and bone, Picasso (p<0.0001) expressed more artefacts when
compared to OP300 Maxio independently of the MAR activation. For Picasso Trio
(p=0.99), the effect of MAR on the artefact expression on teeth did not show significant
differences, but for OP300 Maxio this tool reduced the standard deviation of the grey
values showing its efficacy (p=0.0199). No statistically significant difference was seen
between values for the artefact expression of the bone with or without MAR for both
OP300 Maxio (p=0.0514) and Picasso Trio (p=0.3705) devices, as shown in figure 5.
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Figure 5: Artefact expression for teeth and bone with and without MAR

Figure 6 shows the artefact expression for teeth in the nine protocols. For
OP300 Maxio and Picasso Trio the Control group showed lower values (p<0.05) than
the other protocols. For both CBCT devices, protocol F showed higher artefact

expression when compared to the others (p<0.0001).
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Figure 6: Artefact expression for teeth in the protocols

For bone, the Control group also showed lower artefact expression when
compared to the others for both devices. For OP300 Maxio and Picasso Trio, protocol
F showed significant higher (p<0.0001) values in comparison with the other protocols

as shown in Figure 7.



23

350 ] OF300 [] Picasso Tp‘_l:l
5 200
5
2 150]
3 100 Il
J DOOE00E i

Cot& B CDEF GH Cot& B CDEF GH
Figure 7: Artefact expression for bone in the protocols

DISCUSSION

CBCT acquisitions and reconstruction may vary from a device to another.
In the present study, two devices were used (Picasso Trio and OP300 Maxio), and
there was a difference identified by the artefact expressions values, which was also

confirmed by previous studies using different devices®22:23,

In addition to the difference among the devices, the presence of artefacts in
the reconstructed image may influence the visualization of anatomical structures. The
x-ray attenuation is different from the dental and bone structures scanned due to their
atomic number and the presence of high atomic number materials, such as metal
restorations, endodontic fillings, zirconium, and titanium dental implants. The higher
atomic number they have the more artefact expression may be seen increasing the
variability of the grey values, leading to a change of the image contrast and decrease
the visualization of structures?’. In the present study, it was observed that the bone
samples adjacent to the titanium objects had more grey value variability when
compared to the dental root which may be due to cortical bone density. This reduction
in the image quality may decrease the measurement accuracy and the visualization of

neighboring structures of high-density materials.

In order to investigate the artifacts interference, some authors?3510.11,18,.22

have evaluated image quality, measurement accuracy and reliability by means of
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geometric phantoms, dry skulls and patient image database to simulate in vivo
conditions. The artefact production is not restricted to the area surrounding the
generator object only. Previous studies 242’ have shown that this magnitude is
reduced as further from the forming area. These studies have used human mandibles
and CBCT images from patients. In the present in vitro study, a lower dental arch was
simulated in a PMMA phantom, creating a homogeneous and controlled environment
making it possible to quantify the artefacts arising from titanium cylinders without other
structures attenuation. It was possible to observe that, when the objects were inserted
on the opposite area of the root or the bone cylinders, the artefact expression had
minor influence on the grey values for bone and teeth. This finding may be due to the
titanium artefact magnitude found by some authors who used titanium and zirconium
implants?426, These materials have different atomic number and the zirconium implants
generates more artefact expression than the metallic implants. This study has only
evaluated titanium since this is the most commonly used material. A previous study 2’
found differences when the implants were located in the anterior region, the present
study showed higher artifact expression on the adjacencies of the analysis region.
Such difference may also be due to the sample selection of the previous study, which
consisted of different patients’ exams with different arch format, bone thickness and
field of view. This way, the field-of-view (FOV) and energetic parameters used, and the

x-ray attenuation may have been different from a patient to another.

The success of an implant depends on bone quality and quantity on the
surgical site. This quantification may be carried out by imaging exams such as CBCT
and Multi-slice CT. Some authors?!® have evaluated bone quality and density by
means of CBCT, Multi-slice CT and Micro-CT images. When high-density materials
are not in the FOV, CBCT may be used to quantify bone quality but not bone density
due to the scanning parameters and tissue attenuation. Thus, it may vary from a device
to another and the image resolution. In the present study, the bone samples were more
affected by the artefacts than the tooth which may lead to a decrease in bone quality
quantification, once some authors have found this image quality reduction may
decrease the anatomical visualization and under or overestimate bone linear

measurements.11.12.17.28

Some alternative solutions are being studied in order to reduce the artefact

expression. Acquisition energetic parameters changes such as increasing kVp and
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activation of MAR tool are ways to reduce noise and improve image quality. This tool
may vary from a manufacture to another and the methods used. In previous studies!3-
152629 the algorithm reduced significantly the grey value variability as observed in
OP300 Maxio for teeth, but it was not reduced significantly in Picasso trio. This

difference can be attributed to the threshold of action of the tool.

CONCLUSION

In conclusion, artefact expression caused by titanium is greater when more
metal objects are positioned in the adjacent dental and bone structures in CBCT
images. However, bone was more affected by the artefact expression on the
adjacencies of titanium objects when compared to teeth. The MAR may be effective to

reduce artifact expression on the adjacencies of the teeth for OP300Maxio device.
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3 CONCLUSAO

Conclui-se com este estudo que a expressao de artefatos causados por
tithnio € maior quando mais objetos deste material estdo presentes nas estruturas
0sseas e dentarias adjacentes a eles.

As estruturas 6sseas foram mais afetadas pela expressao de artefatos nos
aparelhos estudados quando comparadas com as estruturas dentéarias

A ferramenta de reducado de artefatos se mostrou eficaz para o aparelho
OP300 na regido adjacente as estruturas dentérias, desta forma a analise sofreu
interferéncia direta em relagcdo ao equipamento utilizado e densidade das estruturas
uma vez que para o mesmo equipamento a ferramenta ndo se mostrou eficaz para as

estruturas ésseas.
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APENDICE 1: METODOLOGIA DETALHADA

O presente estudo foi realizado apos a aprovagdo do comité de ética em
pesquisa com seres humanos local (Protocolo: 84695418.2.0000.5418).

1.1 Confeccao do fantoma

O fantoma de acrilico foi confeccionado (The Nice Group Brazil, Limeira,
Sdo Paulo) com trés placas circulares com 100 mm de diametro e 14,5mm de
espessura. As placas eram mantidas sobrepostas umas as outras por tarugos acrilicos
gue trespassavam todas as placas e posicionados nas perfuragdes laterais de cada
uma. A placa inferior, utilizada como base, possuia duas perfuraces laterais de

5,5mm de diametro e 7mm de profundidade (Figura 1).

44,10
44,10

—— A-A(1:1)

14,50

Figura 1: Placa Inferior do fantoma acrilico

A placa intermediaria continha 10 perfuracfes de 14,5mm de profundidade,
sendo 9 perfuracfes de 5,5 mm de didmetro e 1 de 7,5mm. As 8 perfuragbes centrais
foram dispostas simulando a média do arco dentério inferior e centro das distancias
mesio-distais das coroas dos dentes 37, 36, 34, 32, 42, 44, 46 e 47 (Sousa, et al.,
2012, Yamaguto, et al., 2005) (Figura 2).
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Figura 2: Placa Intermediaria do fantoma acrilico
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A placa superior apresentava as mesmas perfuracées de forma invertida

horizontalmente a peca intermediaria, com profundidade de 7,5mm (Figura3).

Figura 3: Placa Superior do fantoma acrilico
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Durante a aquisicdo das imagens, as perfuracbes ndo utilizadas foram
vedadas com tarugos acrilicos de 5,5 mm de diametro e 22,5mm de altura.
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Foram adquiridas imagens tomogréficas nos equipamentos OP300 Maxio

(Instumentarium — Tuusula — Finlandia) e Picasso Trio (Vatech/E-WOO Technology,
Seoul, Korea) da Clinica de Radiologia Oral da FOP/UNICAMP. Foram utilizados os

FOVs 8x15cm e 8,5x12cm, respectivamente. Os parametros energéticos utilizados

foram padronizados em 90kV e 3,2 mA, voxel de 0,2mm. Todos os protocolos foram

realizados com e sem a ferramenta de reducédo de artefatos (FRA). Os protocolos de

aguisicao estdo demonstrados no Tabela 1.

Tabela1: Protocolos de aquisicao, posicionamento dos metais e descrigcao

Protocolo Posicdao Descricao
Metal
Controle Nenhum Nenhum metal
metal
A 1 1 metal posterior, lado oposto a area
de analise
2 metais posteriores lado oposto a
B 1e2 . o
area de analise
2 metais posteriores e 1 metal
C 1,2e3 . g ‘e
anterior, lado oposto a area de analise
D 4 1 metal posterior, lado adjacente a
area de analise
2 metais posteriores, lado adjacente a
E 4e5 . oy
area de analise
2 metais posteriores e 1 metal
F 4, 5e6 anterior, lado adjacente a area de
analise
G 3 1 metal anterior lado oposto a area de
analise
H 263 1 metal posterior e 1 metal anterior

lado oposto a area de analise

Um diagrama foi feito para padronizar o posicionamento do fantoma nas

aquisicoes (Figura 6).
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Figura 6: Diagrama para padronizacdo do posicionamento do fantoma nas aquisicoes

As linhas de referéncia dos equipamentos foram ajustadas para que o
fantoma ficasse no centro do FOV de acordo com as caracteristicas de cada aparelho.
No OP300 Maxio, a linha do plano sagital era posicionada na linha central do diagrama
e a linha inferior que delimita o limite inferior do FOV foi posicionada no limite inferior
da plataforma de modelos do equipamento (Figura 7 A e a). Ja no Picasso Trio, a
linha do plano sagital mediano era posicionada na linha central do diagrama, a linha
do plano de Frankfurt na linha transversal mediana do diagrama e a linha horizontal
do plano oclusal era posicionada dividindo ao meio a placa intermediaria do fantoma
(Figura 7 B e b).
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Figura 7: Posicionamento fantoma acrilico e linhas referéncia no diagrama nos
aparelhos OP300 Maxio (A e a) e Picasso Trio (B e b)

a‘ .
% :

Cinco primeiros pré-molares inferiores recém extraidos para fins

ortodénticos e doados por um cirurgido buco-maxilo facial foram fixados em uma
solucdo de formol 10% neutro por 48 horas e foram conservados em Alcool 70%. As
coroas foram seccionadas com uma broca diamantada cilindrica em alta rotacdo. Para
nao haver interferéncia de ar ao redor da raiz, cada uma foi individualizada usando
resina acrilica incolor auto-polimerizavel (VIPI FLASH — VIPI Pirassunga, Sao Paulo,
Brasil) (Figura 8).

Figura 8: Preparo dos dentes para as aquisi¢cdes. A, Resina Acrilica (VIPIFLASH); B,

Dente incluido em resina acrilica; e C, Coroa dentaria seccionada.
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Cinco cilindros 6sseos contendo osso medular e cortical foram removidos
por um cirurgido buco-maxilo facial da mesma regido de uma costela bovina fresca
por meio de uma trefina de 8mm de diametro (S.I.N. Implantes, S&o Paulo, Brasil)
acoplado em uma peca reta e um motor de implantes a 30.000 rotagdes/minuto e
irrigacdo abundante com soro fisiologico. Apos a coleta, os cilindros foram fixados em
uma solucéo de formol 10% neutro por 48 horas e conservados em alcool 70%.

Em um estudo piloto realizado em exames de TCFC sem a interferéncia de
artefatos dos lados direito e esquerdo na regido dos primeiros pré-molares inferiores
de pacientes que realizaram o exame para fins diagndsticos, observou se que a média
da espessura 0ssea das corticais é de 2mm, assim o0s blocos 6sseos que possuiam
espessuras das corticais maiores que a padronizada foram ajustados por meio de uma
broca cilindrica em alta rotagé@o e abundante irrigagdo com soro fisiologico (Figura 9).

Os blocos 6sseos apos os ajustes tinham 7,5mm de diametro e 10,5mm de altura total.

Figura 9: Preparo das amostras 0sseas. A e B, Remocao cilindro 6sseo com
broca trefina (S.I.N. implantes). C, Mensuracédo para padronizagédo da espessura

da cortical 6ssea.

Os cilindros de titanio de 14,5mm de altura e 5,5mm de diametro (S.I.N.
Implantes, Sao Paulo, Brasil) simularam implantes dentarios nas regides adjacentes

e opostas a area controle (Figura 10).
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Figura 10: Fantoma acrilico e cilindros de titanio

1.3 Avaliacao das Imagens

As imagens finais com e sem reducao de artefatos (FRA) foram avaliadas
por um unico avaliador, radiologista com 7 anos de experiéncia na area e previamente
treinado para utilizar o software ImageJ (NIH, Bethesda, Maryland, EUA) (Figuras 11,
12, 13 e 14).

Figura 11: Exemplos de reconstrucdes axiais dos diferentes protocolos com e sem a

ferramenta de reducédo de artefatos (FRA) para dente no equipamento OP300Maxio.

Controle

Sem FRA

Controle
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Figura 12: Exemplos de reconstrucdes axiais dos diferentes protocolos com e sem a

ferramenta de reducéo de artefatos (FRA) para dente no equipamento Picasso Trio.
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Sem FRA

Controle

Com FRA

Figura 13: Exemplos de reconstrucdes axiais dos diferentes protocolos com e sem a

ferramenta de reducéo de artefatos (FRA) para 0sso no equipamento OP300Maxio.
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Figura 14: Exemplos de reconstrucdes axiais dos diferentes protocolos com e sem a

ferramenta de reducéo de artefatos (FRA) para dente no equipamento Picasso Trio.
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Oito areas de interesse foram padronizadas e posicionadas ao redor de
cada terco radicular (Cervical, Médio e Apical), osso medular e cortical 6ssea inferior
(Figura 15). Através destas regifes de interesse, foram obtidos a média e desvio
padrdo dos valores de cinza. O desvio padrdo por representar a variabilidade nos

valores de cinza foi utilizado para as andlises estatisticas.

Figura 15: Regibes de interesse (ROIs) em reconstrugdes axiais nos tercos radiculares (A),

0sso medular e cortical (B) para a quantificagdo do DP dos valores de cinza.

Cervical Médio Apical Medular Cortical
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1.4 ANALISE ESTATISTICA

Para a andlise estatistica, foram utilizados os programas SPSS 25.0 (SPSS
Inc., Chicago, lllinois, EUA) e GraphPad Prism 7.0 (Graphpad Software, La Jolla,
California, EUA). Para a expressao de artefatos entre os equipamentos, foi aplicado o
teste Wilcoxon e a expressao dos artefatos nos protocolos e o efeito do algoritmo de
reducdo de artefatos o teste de Kruskal-Wallis(p<0.0001) com nivel de significancia
de 5%.
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