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RESUMO

O uso de imagens obtidas através da tomografia computadorizada de feixe cénico
(TCFC) foi introduzido na pratica odontoldgica e tem sido cada vez mais utilizada para
diagndsticos, planejamento de tratamentos e pesquisas devido a suas caracteristicas
tridimensionais (3D). E importante considerar uma parcela de pacientes que realizam
0 exame com a presenga de aparelho ortoddntico, pois estes podem gerar artefatos e
interferir na qualidade da imagem. Portanto, o objetivo deste estudo é investigar a
influéncia da expressao de artefatos de braquetes e fios ortoddnticos de materiais
diversos em exames de TCFC. Para tal foram feitas duas arcadas dentarias com
gesso e dentes humanos extraidos, as quais receberam placas de acetato com
braquetes colados. Sao quatro pares de placas sendo um par sem braquetes
(controle), um par com braquetes metalicos, outro par com braquetes ceramicos e
outro com braquetes autoligado ceramicos com clip de NiTi. Trocas de fio foram feitas
durante as aquisicdes das imagens, alternando entre arco de nitinol e arco de ago. A
amostra foi dividida em grupo controle e grupos teste. No controle, as arcadas
receberam a placa sem braquetes e sem fio, os outros foram divididos nos seguintes
grupos: braquetes metalicos sem arco, com arco de NiTi, com arco de ago, braquetes
ceramicos sem arco, com arco de NiTi, com arco de ago, braquetes autoligados sem
arco, com arco de NiTi e com arco de aco. Foram realizadas as aquisi¢oes das
imagens em TCFC (OP300, Instrumentarium) com protocolo fixo de exposig¢do. As
imagens foram avaliadas por um especialista em radiologia odontolégica e
imaginologia. Previamente a avaliagdo das imagens, foi realizada a sele¢ao dos cortes
para mensuracao dos tons de cinza, sendo dois cortes axiais da arcada superior e
dois da arcada inferior. Os tons de cinza foram mensurados utilizando regides de
interesse quadrangulares, posicionadas por vestibular, no dente e na lingual do
elemento dos dentes escolhidos. Os valores dos tons de cinza foram calculados como
diferenga de tons de cinza com o grupo controle (dAMGV), ruido e relagao contraste-
ruido (CNR) e comparados entre os grupos pelo teste ANOVA com nivel de
significancia de 5%. Na regido vestibular, a maxila apresentou de forma geral, maiores
valores de dMGV comparado com a mandibula, entretanto, diferencas
estatisticamente significantes foram observadas para o aparelho cerdmico sem fio
(p<0,05). Nao houve diferencga estatisticamente significante nos valores de ruido entre

maxila e mandibula para a regiao vestibular (p=0,05), ja para a regido lingual a



mandibula apresentou maiores valores quando com braquetes ceramicos sem fio
(p<0,05). Para a regiao do dente, houve maior ruido na maxila em todas as condi¢gbes
comparadas com a mandibula (p<0,05). Na regido vestibular, lingual e do dente a
mandibula apresentou maiores valores de CNR em comparagédo a maxila (p<0,05).
Houve diferenga estatisticamente significante apenas na vestibular para o grupo
ceramico com NiTi. Portanto, o ortodontista deve se atentar ao tipo de braquete e fios,
no momento do tratamento em que solicita o exame de TCFC, bem como ter

conhecimento dos artefatos gerados nas imagens.

Palavras-chave: Aparelhos ortodonticos fixos; artefatos; ortodontia; Tomografia

computadorizada de feixe conico.



ABSTRACT

The use of images obtained through cone beam computed tomography (CBCT) has
been introduced in dental practice and has been increasingly employed for diagnoses,
treatment planning, and research due to its three-dimensional (3D) characteristics. It
is important to consider a subset of patients who undergo the examination with
orthodontic appliances, as these can generate artefacts and interfere with image
quality. Therefore, the aim of this study is to investigate the influence of artefacts
produced by orthodontic brackets and wires made of different materials in CBCT
scans. For this purpose, two dental arches were created using plaster and extracted
human teeth, to which acetate plates with attached brackets were affixed. There were
four pairs of plates: one pair without brackets (control), one pair with metal brackets,
another pair with ceramic brackets, and another pair with self-ligating ceramic brackets
with NiTi clips. Wire changes were made during image acquisitions, alternating
between nitinol and steel archwires. The sample was divided into a control group and
test groups. In the control group, the arches received plates without brackets and
archwire, while the other groups were divided as follows: metal brackets without
archwire, with NiTi archwire, with steel archwire; ceramic brackets without archwire,
with NiTi archwire, with steel archwire; self-ligating brackets without archwire, with NiTi
archwire, with steel archwire. Image acquisitions were performed using a fixed
exposure protocol (OP300, Instrumentarium). The images were evaluated by a
specialist in dental radiology and imaging. Prior to image evaluation, slices were
selected for grayscale measurement, with two axial slices from the upper arch and two
from the lower arch. Grayscale values were measured using rectangular regions of
interest placed on the buccal and lingual sides of the selected teeth. Grayscale values
were calculated as difference between control group (dMGV), noise and contrast-to-
noise ratio (CNR) and compared among the groups using ANOVA with a significance
level of 5%. In the buccal region, the maxilla generally exhibited higher values of dAMGV
compared to the mandible; however, statistically significant differences were observed
for the ceramic appliance without a wire (p<0.05). There was no statistically significant
difference in noise values between the maxilla and mandible in the buccal region
(p=0.05). In the lingual region, the mandible exhibited higher values when ceramic
brackets were present without a wire (p<0.05). For the tooth region, there was more

noise in the maxilla in all conditions compared to the mandible (p<0.05). In the buccal,



lingual, and tooth regions, the mandible had higher CNR values compared to the
maxilla (p<0.05). There was a statistically significant difference only in the buccal
region for the ceramic with NiTi group. Therefore, orthodontists should pay attention to
the type of brackets and wires when requesting a CBCT examination during treatment

and be aware of the artefacts generated in the images.

Keywords: Fixed orthodontic appliances; Artefacts; Orthodontics; Cone Beam

Computed Tomography.
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1 INTRODUGAO GERAL

A Radiologia é essencial na Ortodontia para diagnéstico de tecidos moles e
condigbes dentoesqueléticas dos pacientes. Exames radiograficos bidimensionais
como panoramicas e telerradiografias cefalométricas em norma lateral sao
usualmente utilizados na ortodontia para elaborag¢ao de plano de tratamento, analise
de crescimento e de desenvolvimento do paciente (Scarfe et al., 2017).

Desde 1998, a tomografia computadorizada de feixe conico (TCFC) foi
introduzida na pratica odontolégica e tem sido cada vez mais utilizada para
diagndsticos ortodénticos, planejamento de tratamentos e pesquisas devido a suas
caracteristicas tridimensionais (3D) (Gaéta-Araujo et al., 2020; Kapila; Nervina, 2015;
Rodrigues et al, 2021). Além das diversas vantagens, a TCFC também auxilia na
analise de vias aéreas superiores, densidade 6ssea dos tecidos mineralizados e na
confecgédo de guias de colocacéo e posicionamento de mini parafusos ortoddnticos
(Neto et al., 2010).

A técnica utilizada na tomografia computadorizada (TC) fornece uma imagem
de secgédo ou corte da regido de interesse e € bastante util quando se deseja evitar as
sobreposicdes de estruturas anatémicas de radiografias convencionais (Rodrigues;
Vitral, 2007). As imagens na TCFC sao obtidas por uma varredura do paciente, sendo
que, durante o procedimento, um feixe de radiacdo em formato cénico e um receptor
de imagens giram, usualmente em 360°, ao redor da cabeca do paciente, adquirindo
projecdes bidimensionais consecutivas em diferentes angulagdes. As imagens
bidimensionais sado enviadas ao computador e reconstruidas em um volume
tridimensional, o qual possibilita obtencédo posterior de reconstru¢cdes cefalométricas
e panoramicas. Estes raios X, quando interagem com o corpo sofrem atenuagdes de
modo que a radiacdo é convertida em sinais elétricos e enviada ao computador
transformando-se em uma matriz tridimensional, composta por voxels. Os voxels
possuem coordenadas espaciais que sdo analisadas nos planos axial, sagital e
coronal e na escala de cinza com seus respectivos valores. O resultado de um
escaneamento Unico € a auséncia de gaps, pois as imagens possuem voxels
isotropicos (profundidade = altura = largura) que geram imagens nitidas e sem
distorgdes. Apds o processamento, as imagens sao reformatadas sem sobreposi¢ao
em qualquer um dos trés planos (Rodrigues et al., 2010).

Quando realizamos um exame de TCFC da cavidade bucal e estruturas
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adjacentes nos deparamos com alguns obstaculos para a imagem, principalmente
quando ha presenca de materiais metalicos (p. ex. restauragdes, implantes e
aparelhos ortodénticos), capazes de introduzir artefatos de imagem no volume
reconstruido. O termo artefato € utilizado para definir discrepancias entre o coeficiente
de atenuacao real do objeto e os tons de cinza que representam o objeto nas imagens.
O numero atémico elevado dos metais atenua os feixes de raios X muito mais que
tecidos moles e 0sso, dessa forma, faixas hiperdensas (i.e., brilhantes) e hipodensas
(i.e., escuras) em forma radial sdo projetadas na imagem. A presenga de metais e
materiais adicionais na cavidade bucal causam uma dificuldade na localizagcéo e
interpretacado da area envolvida pela imagem (Perrella, 2006).

Pacientes com aparelhos ortoddnticos em boca durante o exame de TCFC sao
comuns na pratica clinica. Os braquetes metalicos continuam sendo os mais utilizados,
devido as suas caracteristicas fisicas e propriedades mecanicas que foram
intensamente pesquisadas ao longo dos anos. Esses braquetes sao feitos de acgo
inoxidavel contendo 18% de cormo, 8% de niquel e 0,15% de carbono (Assad- Loss
et al., 2008). Os braquetes estéticos (ceramicos), sdo opg¢des aos braquetes metalicos
devido a sua caracteristica estética. Esses braquetes possuem propriedades fisico-
quimicas diferentes (Sobreira; Loriato; Oliveira, 2007). Sua composi¢cao é oxido de
aluminio (AlI203), podendo ser produzido de dois modos: alumina policristalina ou
alumina monocristalina (Mendonga, 2012). Os braquetes autoligados estéticos
possuem em sua composicao a ceramica policristalina e sua tampa é confeccionada
com uma liga de niquel-titanio resiliente e fina (Castro, 2009).

Aparelhos ortodénticos possuem junto aos braquetes os fios ortoddnticos, que
sao compostos de diferentes materiais e calibres. Na tradicional sequéncia de troca
dos fios de aco inoxidavel, utilizada na fase de alinhamento e nivelamento, a transicao
progressiva dos calibres dos fios altera a quantidade de forca liberada (Louly et al.,
2013). A composigao do fio de niquel titanio com "efeito memaoria de forma" é de 55%
de niquel e 45% de titanio (Gravina et al, 2004), ja os fios de ago possuem na sua
composi¢cao média é de 18% de cromo, 8% de niquel, 0.08 a 0.15% de carbono e o
restante (maioria) de ferro (Gurgel et al., 2001).

Os profissionais que costumam trabalhar com a TCFC devem estar atentos e
preparados para identificar os artefatos oriundos de diferentes materiais, pois a
presencga de artefatos traz consequéncias negativas para a avaliagdo da imagem e o

diagnostico (Schulze et al.,2011). A dose de radiacdao e a qualidade da TCFC sao
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diretamente proporcionais a alguns fatores como a miliamperagem (mA),
kilovontagem (kV), grau de rotagdo do aparelho, entre outros. A maioria dos aparelhos
possuem uma configuragao padrao dos parametros de exposi¢ao, entretanto, alguns
estudos comprovam que a selecdo desses parametros pode ser feita de forma
individualizada a fim de diminuir a dose de radiagao e melhorar a qualidade da imagem
(Meira, 2016).

E comum analisar imagens tomograficas calculando a variavel CNR (relacdo
contraste-ruido) como uma medida objetiva da qualidade da imagem. O valor de CNR,
calculado pela formula de Bechara (2012), é baseado no contraste da imagem e
investiga o desempenho de diferentes situagdes em dispositivos de TCFC (Lindfors et
al., 2017). As diferengas de tons de cinza em uma imagem contribuem para a analise
diversos fatores que podem alterar resultados finais de TCFC. A quantidade de ruido
também pode levar a valores de cinza discrepantes ao medir o valor médio do voxel
de pequenas areas. O valor de ruido elevado compromete a homogeneidade na
visualizagao de estruturas (Pawels et al., 2013).

A indicagcdo da TCFC deve ser muito criteriosa e somente apos uma analise
clinica, quando houver a necessidade de novas informag¢des que nao foram obtidas
em exames radiograficos convencionais (panoramicas e periapicais). Na
especialidade de Ortodontia, ndo se utiliza a TCFC como método padrao de
diagnodstico devido a dose elevada de radiagdo. As indicagdes mais rotineiras sao para
avaliar retencdo de dentes permanentes, discrepancias faciais severas, anomalias
complexas craniofaciais e irregularidades ou malformacdes dsseas na ATM (Garib et
al., 2014).

Apesar de a TCFC nao ser uma modalidade de imagem rotineira na Ortodontia,
de uma forma geral, aparelhos ortoddnticos sdo muito frequentes em pacientes e,
portanto, podem estar presentes nos exames de tomografia. Com a presenca deles,
a chegada dos fétons nos detectores de imagem pode ser atenuada e acarretar uma
dificuldade de visualizagéo das regides adjacentes devido formagao de artefatos. Além
disso, ao acompanhar o tratamento ortodéntico, trocas de fios em composicao e
calibre sao realizadas, o que pode influenciar nos artefatos gerados. Deste modo, é
necessario que o cirurgidao-dentista tenha conhecimento sobre artefatos em TCFC
oriundos de aparelhos ortodénticos para evitar erros de interpretacdo de imagens
(Terrero-Pérez et al., 2017) e possivelmente, qual o melhor momento do tratamento

ortoddntico para prescrever um exame TCFC, caso necessario.
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1.1 OBJETIVO GERAL

O objetivo deste trabalho foi investigar a influéncia de diferentes braquetes e

fios ortodonticos na expressao de artefatos em TCFC.

1.2 OBJETIVOS ESPECIFICOS

a) Verificar a influéncia da expressao de artefatos de braquetes metalicos com
arco de NiTi e com arco de acgo inoxidavel em exames de TCFC;

b) Verificar a influéncia da expressao de artefatos de braquetes ceramicos com
arco de NiTi e com arco de ago inoxidavel em exames de TCFC;

c) Verificar a influéncia da expressdo de artefatos de braquetes autoligados
(ceramicos com clip de NiTi) com arco de NiTi e com arco de aco inoxidavel em
exames de TCFC;

d) Verificar a melhor combinacdo de braquete e fio capaz de gerar menos

artefatos em exames de TCFC.
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ABSTRACT

Introduction: The objective was to investigate the artefacts produced by different
orthodontic brackets and wires in cone-beam computed tomography (CBCT) scans.
Methods: Two dental arches were constructed using extracted human teeth and
plaster. Three pairs of acetate plates containing different brackets - metallic, ceramic,
and self-ligating ceramic with NiTi clip - along with a control plate (i.e., without brackets)
were prepared. Wire changes (NiTi and steel) were made during CBCT acquisitions
(performed with a fixed exposure protocol). Axial slices were selected for gray values
measurement using regions of interest (buccal, lingual, and tooth). The difference of
gray values from control (dMGV), noise, and contrast-to-noise ratio (CNR) were
calculated and compared among the different brackets and wires by ANOVA with a
significance level of 5%.

Results: Overall, the buccal and tooth region were mostly affected by the metallic
brackets, showing higher dMGV, higher noise, and lower CNR (p<0.05). On the other
hand, less impact of ceramic and self-ligating brackets in the image quality was
observed (p=0.05). The lingual region did not show expressive differences among the
brackets and wire combinations (p=0.05). The presence of a wire mostly influenced
metallic brackets (p<0.05).

Conclusions: In conclusion, metallic brackets and their association with wires have
greater artefact expression than ceramic brackets. Practitioners should pay attention
to the artefacts arising from brackets and wires when requesting a CBCT scan during

treatment.

Keywords: Fixed Orthodontic Appliances; Artefacts; Orthodontics; Cone Beam

Computed Tomography.
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INTRODUCTION

In orthodontics, imaging is crucial for assessing and diagnosing the conditions
of patients’ dentoskeletal structures and soft tissues. Orthodontists typically use two-
dimensional radiographic examinations, such as panoramic and lateral cephalometric
radiography, to analyze patient growth and development and formulate treatment
plans.!? However, the application of cone-beam computed tomography (CBCT) has
expanded across orthodontics, especially for the evaluation of dental positioning and
structural anomalies.®3* Beyond its numerous benefits, CBCT also aids in analyzing
dentofacial anomalies, upper airways, assessing dentoalveolar bone limits, and
preparing guides for the placement of temporary anchorage devices (e.g., orthodontic
mini screws).24° Nevertheless, CBCT should only be recommended with caution and
after a thorough clinical analysis, particularly when there is a need for additional
information that conventional radiographic examinations could not provide.**

When conducting a CBCT scan of the oral cavity and adjacent structures, one
may encounter certain imaging obstacles, particularly when metallic materials (such
as restorations, implants, and orthodontic appliances) are present. These materials
can introduce image artefacts into the reconstructed volume.! The term ‘artefact’ refers
to discrepancies between the actual attenuation coefficient of an object and the gray
values that represent the object in the images.®’ Metals, due to their high atomic
number, attenuate X-ray beams far more than soft tissue and bone do. This results in
the projection of radially shaped hyperdense (i.e., bright) and hypodense (i.e., dark)
bands onto the image.® Professionals working with CBCT should be aware and
prepared to identify these artefacts, as their presence can negatively impact image
quality and image evaluation.®

While CBCT may not be routinely used in orthodontics, due to its higher
radiation dose when compared to the traditional 2D images used,*% orthodontic
appliances are common in patients and can thus appear in scans. As such, dentists
need to be aware of CBCT artefacts resulting from orthodontic appliances to prevent
image misinterpretation.®'® Moreover, the composition and caliber of wires, which are
altered during orthodontic treatment, affect the generation of artefacts.'® Thus, this
study aimed to explore how different orthodontic brackets and wires impact the
expression of artefacts in CBCT scans and to identify the bracket and wire combination

that leads to less artefact formation. The null hypothesis posited that the expression of
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artefacts and image quality in CBCT images are not affected by different orthodontic

brackets and wires.

MATERIALS AND METHODS

The study was approved by the Ethics Committee of Research of the Federal
University of Alfenas (protocol: CAAE. 61309522.5.0000.5142).

Sample selection

The sample comprised two plaster phantoms that represented the upper and
lower dental arches. These phantoms used human teeth that had been previously
extracted for reasons unrelated to this study. Each phantom was constructed with 14
teeth: four molars, four premolars, two canines, two lateral incisors, and two central
incisors, making a total of 28 teeth. The included teeth were human teeth with
anatomies compatible with the following dental groups: maxillary molars (n=4),
maxillary premolars (n=4), maxillary canines (n=2), maxillary lateral incisors (n=2),
maxillary central incisors (n=2), mandibular molars (n=4), mandibular premolars (n=4),
mandibular canines (n=2), and mandibular incisors (n=4). These teeth had intact
buccal surfaces to allow for bracket positioning. Teeth were excluded if they were
restored (with amalgam, resin, or prosthetic crowns), had undergone endodontic
treatment, presented intracanal posts, or had extensive cavities compromising more

than two sides of the crown.

Sample preparation

The teeth chosen for the phantoms were cleaned, disinfected with 70% alcohol,
and kept hydrated in water until use. To construct the phantoms, both upper and lower
dental arches of a laboratory mannequin were molded with condensation silicon
(Zhermack S.p.A, Rovigo, ltaly) as per the manufacturer’s instructions. Once the
material had set, the selected teeth were inserted by its crown into their respective
positions in the mold, defining the shape of the dental arch and ensuring proper
alignment and contact points among the teeth. Next, wax was used to seal any gaps

around the crowns of the teeth, preventing the plaster from seeping into the crown
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region of the teeth in the subsequent step. Subsequently, stone-type plaster was
manipulated according to the manufacturer’s instructions, adding crushed rice in a 1:1
ratio to mimic alveolar bone tissue. The mixture was poured over the molds, forming a
base in which the root portions of the assembled dental arch were immersed. Once
the plaster had fully set, the blocks containing the teeth were removed from the molds
(Figure 1A).

The assembled phantoms (upper and lower) were insulated with solid Vaseline
and were molded four times with alginate. The molds were then poured with plaster to
obtain eight replica models, four from the upper arch and four from the lower arch.
From these plaster replica models, acetate thermoplastic trays (0.75 mm thick) were
made to serve as a base for bonding the orthodontic brackets and enable altering the
brackets system onto the phantom. Pencil markings were made on the buccal surface
of the teeth in the two phantoms using the “X rule”" with the aid of a bracket positioner.
Then, brackets were bonded with cyanoacrylate adhesive on the trays positioned over
the phantoms, using bracket holder tweezers. A total of eight trays were made: one
pair of control trays (without brackets; Figure 1B), one pair of trays with metallic
brackets (Max, Morelli, Sorocaba, SP, Brazil; Figure 1C), one pair of trays with ceramic
brackets (Ceramic, Morelli, Sorocaba, SP, Brazil; Figure 1D), and one pair of trays with
self-ligating ceramic brackets with NiTi clip (Ceramic SLI, Morelli, Sorocaba, SP, Brazil;
Figure 1E). In addition, three occlusion guides (one anterior and two posterior) were
made with condensation silicon (Zhermack S.p.A, Rovigo, ltaly) to ensure the
phantoms maintained stable occlusion throughout all image acquisitions. The wires

were only placed in the brackets at the time of image acquisition.

Images acquisition

The OP300 CBCT scanner (Instrumentarium, Tuusula, Finland) was used to
acquire the images. The phantoms were positioned in the center of a plastic container
containing ballistic gelatin, made with 250 ml of water; 24g of colorless gelatin and 100
ml of bi-distilled Glycerin, adhered to its surface to simulate soft tissue.'? The container
was placed in the CBCT scanner using a polystyrene platform with permanent pen
markings to standardize and maintain positioning during all the scans. The reference
lights of the CBCT scanner were used to ensure positioning in the central region of the

field of view, and to check that the occlusal plane of both phantoms (upper and lower)
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was parallel to the horizontal plane.
Fig. 1 Phantom used in the study. A: final aspect of the phantom; B: control, trays
without brackets; C: trays with metallic brackets; D: trays with ceramic brackets; E:

trays with self-ligating ceramic brackets with NiTi clips.

Images of the phantoms were acquired with the control trays (i.e., without the
presence of brackets and wires) and with three types of brackets combined with the
two types of wires, using the a fixed standard CBCT image acquisition protocol (90kV;
6mA; 6x8 cm field of view; 0.133mm voxel size), which was the defined standard of
the tomograph used. For each pair of trays containing brackets, the first acquisition
was made without wire. Then, a 0.012" NiTi wire (NiTi, Morelli, Sorocaba, SP, Brazil)
was placed and images were acquired. Afterwards, it was replaced by the 0.018"
stainless steel wire (CrNi, Morelli, Sorocaba, SP, Brazil) for image acquisition. Both
wires were fixed with elastic ligatures using a plastic elastic applicator, except for the
self-ligating bracket which does not require ligatures. The image acquisitions of each
condition under study (brackets and wire) were acquired in triplicate, totaling 30

volumes (Figure 2).

Images evaluation

Once the images had been acquired, they were exported from the acquisition

software in DICOM format. A specialist in oral radiology, with seven years of experience
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and trained in the ImageJ software (National Health Institute, Bethesda, MD, USA) was
responsible for evaluating all the CBCT images. Before evaluating the images, those
were registered using the first acquired control image as a reference. Registration was
carried out to spatially align all the structures and guarantee the same positioning of
regions of interest (ROI) across the groups, compensating for minor placement
differences between acquisitions. Registration done using 3D Slicer software (version
5.2.2)," in the General Registration module (BRAINS), selecting the reference image
as the "fixed image volume" and the other images (one by one) as the "moving image
volume". The parameters were set at Percentage of Samples = 0.002; B-Spline Grid
Size = 14, 10, 12; Initialize Transform Mode = useGeometryAlign; Registration Phases
= Rigid (6 DOF) and Affine (12 DOF). After registering each image, the volumes were

re-exported in DICOM format for slice selection.

Fig. 2 Axial slices of the different regions and positioning of the regions of interest
(buccal, lingual, tooth, and control) for measuring gray values. In A, the anterior maxilla,

in B, posterior maxilla, in C, anterior mandible, and in D, posterior mandible. All
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reconstructions are of the control group.

Four axial sections were selected for each volume acquired: one for the anterior
maxilla, one for the posterior maxilla, one for the anterior mandible and one for the
posterior mandible. For each region, a tooth was used as a reference (the right
maxillary central incisor (i.e., 11) and the right maxillary first molar (i.e., 16), for the
maxilla, and the right mandibular centra incisor (i.e., 41) and the right mandibular first
molar (i.e., 46), for the mandible) for selecting the axial slice corresponding to the

height at which the wire crossed the bracket (Figure 3).

Fig. 3 Axial CBCT images of the phantom, in the different conditions under study:
control (left image), with the different bracket materials (metallic — upper row; ceramic
— middle row; and self-ligating — bottom row), and wires (no wire — first column; NiTi

wire — second column; and steel wire — third column).

Metallic

Control

’.‘,B

£
£
€

Self-ligating

Once the slices had been selected, they were grouped by region and imported
into the ImagedJ to evaluate the gray values in four quadrangular ROls: a ROI (3 x 3mm)
positioned adjacent to the bracket on the buccal side of tooth 11 or 41 (anterior maxilla
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and mandible) or 16 and 46 (posterior maxilla and mandible); a ROI (3 x 3mm)
positioned on the lingual side of these teeth; and a ROI (1 x 1mm) positioned on the
dentin of these same teeth. In addition, a control ROl measuring 3 x 3mm was
positioned in the most anterior (mandible) or posterior (maxilla) region of the volume.
The ROIs were carefully positioned to avoid structures such as the brackets and wire
and the trays (Figure 3). ROl Manager tool was used to standardize the positioning of
the ROls. This allowed us to carry out the ROI selection on an initial image and
replicate it for all subsequent images. For each ROI in every image, the mean gray

values and standard deviation were recorded.
Statistical analysis

Data was analyzed using SPSS® version 25.0 (IBM SPSS, Armonk, USA) and
Prism 8 (GraphPad, La Jolla, USA), with a 5% significance level. The mean of the gray
values of each test group were subtracted from the control group, to calculate the
difference in mean gray values (dMGV) for each ROI. The standard deviation (SD)
values for each ROl were considered as image noise. In addition, the contrast-to-noise
ratio (CNR) was calculated for each ROI, based on the formula proposed below by

Bechara et al,:

I MeanTest - MeanCOTltT'Ol
\/SDTZ"est + SDZ

Control

These values were expressed as mean and standard deviation. dMGV, noise
and CNR were compared between the maxilla and mandible for each bracket and wire
condition combination using the T-test with Holm-Sidak correction for multiple
comparisons. As only punctual differences were detected between maxilla and
mandible, those were pooled for further analysis. For each ROI (buccal, lingual, and
tooth), dMGV, noise, and CNR values were separately compared considering “bracket”
and “wire” as factors using two-way ANOVA, with Tukey’s post-hoc test. For the noise
and CNR variables, the bracket groups without wire were compared to the control

group using the one-way ANOVA test, with Dunnet's post-hoc test.
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RESULTS

Comparing dental arches, dMGV was higher for the maxilla in the buccal ROI
for the ceramic bracket with no wire (p<0.05), while higher for the mandible in the tooth
ROI for the self-ligating bracket with NiTi wire (p<0.05; Figure 4). Mandible showed
greater noise (Figure 5) in the buccal ROI for the control group (p<0.05), and in the
lingual ROI for the ceramic brackets without wire (p<0.05). In the tooth ROI, noise was
higher in the maxilla for self-ligating bracket with NiTi wire (p<0.05). Mandible showed
higher CNR (Figure 6) in the buccal ROI for ceramic bracket with NiTi wire (p<0.05).
There were no statistically significant differences in CNR between the maxilla and
mandible in the lingual and tooth ROls (p>0.05).
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Fig. 4 Bar graphs with the mean values and standard deviation for the difference in
mean gray values (dMGV) between maxilla and mandible, considering the regions of
interest (buccal on the top, lingual in the middle and tooth on the bottom), for
combinations of bracket and wire conditions. An asterisk indicates a statistically

significant difference between the maxilla and mandible.
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Fig. 5 Bar graphs with the mean values and standard deviation for the noise between
maxilla and mandible, considering the regions of interest (buccal on the top, lingual in
the middle and tooth on the bottom), for the combinations of bracket and wire

conditions. An asterisk indicates a statistically significant difference between the
maxilla and mandible.
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Fig. 6 Bar graphs with the mean values and standard deviation for the contrast-to-
noise ratio (CNR) between maxilla and mandible, considering the regions of interest
(buccal on the top, lingual in the middle and tooth on the bottom), for combinations of
bracket and wire conditions. An asterisk indicates a statistically significant difference

between the maxilla and mandible.
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Table | shows mean values (and standard deviation) of dAMGV, noise, and CNR
for the experimental conditions, in the buccal ROI. There was no difference in dAMGV
between the brackets when with no wire (p>0.05). However, in the presence of NiTi
and steel wires, the metallic brackets showed higher dMGV compared to self-ligating
brackets (p<0.05). Regarding noise, both metallic and ceramic brackets showed higher
noise compared to the control (p<0.05). Also, metallic brackets showed higher noise
the ceramic and self-ligating brackets when with NiTi or steel wires (p<0.05). Only the
metallic brackets showed lower CNR compared to the control (p<0.05). Metallic
brackets also showed lower CNR compared to ceramic brackets when with wire
(p<0.05). The wire condition only influenced CNR values of the self-ligating bracket, in
which the steel wire showed higher CNR compared to when it was with NiTi wire or no
wire (p<0.05).

Table I. Mean values (and standard deviation — SD) of the difference in mean gray
values (dMGV), noise, and contrast-to-noise ratio (CNR) considering the different

brackets and wire condition, for the buccal region of interest (ROI).

Buccal ROI
Mean (SD)
Variables Wire
Brackets
Control Metallic Ceramic Self-ligating

No wire - 191.7 (165.5) Ab 99.0 (58.6) Aa 100.1 (58.1) Aa
dMGV NiTi - 354.3 (207.7) Aa 252.0 (262.7) Aa 71.7 (13.2) Ba
Steel - 358.1 (186.6) Aa  231.9 (229.5)ABa 150.3 (55.5) Ba

Nowire  322(13.7)  212.1 (139.6)Aa* 147.0 (122.6)Aa* 129.8 (103.6) Aa

Noise NiTi - 271.9 (149.9)Aa  67.2(59.8)Ba  112.2 (78.5) Ba
Steel - 250.2 (136.5)Aa  100.4 (94.5)Ba  94.2 (96.8) Ba
Nowire  19.3 (15.4) 2.7 (2.6) Aa* 8.6 (6.6) Aa 12.2 (15.4) Ab
CNR NiTi - 3.2 (3.5)Ba 18.1 (10.7) Aa 10.7 (9.6) ABb
Steel - 2.3(1.7)Ba 18.1 (15.1) Aa 25.5 (23.7) Aa

The asterisk indicates a statistically significant difference (p<0.05) between the wireless brackets and
the control group.

Different capital letters indicate a statistically significant difference (p<0.05) in the row between brackets
for the same wire condition.

Different lowercase letters indicate a statistically significant difference (p<0.05) in the column between

the wires for the same bracket condition.
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The variables under study for the lingual ROl are shown in Table II. There were
no differences among the experimental conditions for dMGV and noise in the lingual
ROI (p>0.05). However, metallic brackets showed higher CNR compared to ceramic

and self-ligating brackets when with the NiTi wire (p<0.05).

Table Il. Mean values (and standard deviation — SD) of the difference in mean gray
values (dMGV), noise, and contrast-to-noise ratio (CNR) considering the different

brackets and wire condition, for the lingual region of interest (ROI).

Lingual ROI
Mean (SD)
Variables Wire
Brackets
Control Metallic Ceramic Self-ligating
No wire - 208.1 (149.0) Aa 120.9 (28. 7)Aa  227.7 (171.6) Aa
dMGV NiTi - 251.4 (125.8) Aa  153.3 (122.8) Aa  207.5(137.1) Aa
Steel - 226.3 (147.4)Aa  261.4 (153.7)Aa  268.2 (186.7) Aa
No wire 75.8 (33.0) 47.7 (19.2) Aa 68.4 (40.2) Aa 60.3 (33.6) Aa
Noise NiTi - 55.6 (38.5) Aa 71.6 (27.2) Aa 59.2 (23.0) Aa
Steel - 41.7 (16.4) Aa 63.5 (31.5) Aa 51.7 (18.0) Aa
No wire 8.2 (5.6) 14.3 (7.5) Aa 9.1 (4.3) Aa 10.9 (7.1) Aa
CNR NiTi - 18.3 (13.4) Aa 8.9 (3.2) Ba 10.2 (6.7) Ba
Steel - 16.5 (8.6) Aa 10.2 (4.1) Aa 12.5(8.2) Aa

The asterisk indicates a statistically significant difference (p<0.05) between the wireless brackets and
the control group.

Different capital letters indicate a statistically significant difference (p<0.05) in the row between brackets
for the same wire condition.

Different lowercase letters indicate a statistically significant difference (p<0.05) in the column between

the wires for the same bracket condition.

In the tooth ROI (Table IIl), dMGV was higher for metallic brackets compared to
ceramic brackets, regardless of the wire condition (p<0.05). Noise was higher only in
the metallic brackets group, compared to control (p<0.05). Also, metallic brackets
showed higher noise than self-ligating brackets in both NiTi and steel wires (p<0.05).
For the self-ligating brackets, steel wire showed less noise compared to it without any
wire (p<0.05). CNR of all brackets were lower than the control (p<0.05). Also, the
metallic brackets showed lower CNR than the other types of brackets, regardless of
the wire condition (p<0.05).
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Table Ill. Mean values (and standard deviation — SD) of the difference in mean gray
values (dMGV), noise, and contrast-to-noise ratio (CNR) considering the different

brackets and wire condition, for the tooth region of interest (ROI).

Tooth ROI
Mean (SD)
Variables Wire
Brackets
Control Metallic Ceramic Self-ligating
No wire - 318.3 (187.3) Aa 59.8 (70.6) Ba 182.3 (125.5) ABa
dMGV NITi - 311.0 (213.1)Aa 120.3 (126.6) Ba 187.2(139.1) ABa
Steel - 358.9 (213.2)Aa  165.3 (130.7) Ba 342.9 (77.7) Ab
No wire 74.1 (33.3) 107.9 (33.0) Aa* 95.5 (26.8) Aa 93.6 (18.0) Aa
Noise NiITi - 107.5 (40.9) Aa 81.9 (23.7) ABa 76.0 (24.7) Bab
Steel - 96.9 (23.7) Aa 75.4 (21.8) ABa 61.7 (23.1) Bb
No wire 24.5(7.9) 13.8 (2.5) Ba* 19.4 (3.1) Aa* 18.7 (3.8) Ab*
CNR NiTi - 14.8 (5.2) Ba 21.8 (6.7) Aa 22.0 (7.8) Aab
Steel - 15.0 (3.6) Ba 21.6 (2.6) Aa 25.3 (5.8) Aa

The asterisk indicates a statistically significant difference (p<0.05) between the wireless brackets and
the control group.

Different capital letters indicate a statistically significant difference (p<0.05) in the row between brackets
for the same wire condition.

Different lowercase letters indicate a statistically significant difference (p<0.05) in the column between

the wires for the same bracket condition.

Discussion

The null hypothesis is that performers' expression and image quality in CBCT
images are not affected by different orthodontic brackets and wires. In this study, this
hypothesis was rejected. Metallic brackets were usually related to higher artefact
expression and lower image quality compared to the other brackets systems. The
presence of the wire had low impact, mostly related to the self-ligating brackets. Metals
in the teeth or oral cavity can degrade the quality of CBCT images, as these high atomic
number materials obstruct the passage of X-ray photons.”® This underscores the
importance of investigating changes in the gray values of the image introduced by
artefacts, as this perception is related to the radiographic diagnosis of various clinical
situations.”-® Previous studies have widely used gray values, noise, and CNR as CBCT

image quality analyses to demonstrate the magnitude and extent of artefacts.’2°
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In the present study, we subtracted the mean gray values between the control
group and each test group, thereby generating their difference for each ROI. These
differences illustrate the variation of the groups from the control group (i.e., optimal
situation), with higher values indicating a greater expression of artefacts. Noise was
calculated by the standard deviation, which is related to the heterogeneity of gray
values and follows the same interpretation: the higher the noise value, the greater the
expression of artefacts that compromised the final image. Finally, the CNR (contrast-
to-noise ratio) was calculated using the formula by Bechara et al,', which provided
values that represented image quality. A higher CNR value indicates a better image
result.

Particularly in orthodontics, the primary types of artefacts are movement
artefacts and metallic artefacts.” Metallic artefacts, which can negatively impact image
quality and whose intensity largely depends on the type and composition of the
material, can be caused by any objects included in the scans.'® Therefore, in patients
undergoing orthodontic treatment, metallic artefacts may appear around brackets,
wires, and bands. While it is possible to perform a CBCT scan during orthodontic
treatment, the resulting images may exhibit beam hardening artefacts and increased
noise.

In our study, very few and punctual differences were observed between maxilla
and mandible. Research examining the impact of anatomical location on gray values
in CBCT images has revealed that an object’s gray value can vary depending on its
anatomical position.'® In addition, according to some studies,®'” the appearance of
artefacts can be influenced by the position of the object within the FOV, the anatomical
region, and adjacent anatomical structures outside the FOV however, there is no
consensus on which regions (maxilla or mandible, anterior or posterior) are more
implicated in the formation of artefacts or what the effects of the object’s location within
the FOV might be.'® The disparity in the number of identified artefacts may be due to
variations in the density and thickness of maxillary and mandibular bone tissue.

Three ROIs were established in the present study, namely buccal, lingual, and
tooth. The buccal ROI represent the region where more pronounced artefacts were
expected, due to its proximity to the artefact generating objects. On the other hand, the
lingual ROI was set to denote further region from the artefact generating objects. The
tooth ROI demonstrated the impact of the artefact generation upon a region that must

be evaluated in the scan, thus with clinical implication.
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The buccal region, ceramic and self-ligating brackets generally exhibited lower
dMGV and noise values and higher CNR compared to metallic brackets. Also, metallic
brackets differed showed higher noise and lower CNR compared to the control.
According to the study by Hirschinger et al, 7 that examined artefacts generated by
different bracket systems, the most significant differences were observed with steel
and titanium brackets. Also, the scans showed the lowest occurrence of artefacts with
self-ligating ceramic brackets.” Differently, their study used theoretical maximum SD
values to express artefacts, as they also included multislice CT scans. In addition, their
sample was composed of a mandible with a single tooth and the bracket bonded to a
mesiobuccal position. Also, their gray values measurements were done in the lingual
region, somewhat far from the tooth, and using profile lines.’

The lingual region was not impacted by the artefacts generated by the
orthodontic brackets and wires. The highest noise values were in the buccal region,
whilst the lowest noise values were found in the lingual region. This can be attributed
to the greater distance between the lingual ROI and the bracket and wire. Artefacts
decrease with an increasing distance to the metal object in the axial plane because the
number of projections where the metal overlaps a given ROI is inversely proportional
to the distance between the metal and the ROI.%®

When it comes to the tooth region, metallic brackets were responsible for
worsening image quality, compared to the control and the other brackets systems.
Sanders et al. assessed the influence of artefacts generated by different orthodontic
brackets in the gray values of anterior teeth.® They found that stainless steel and
titanium brackets lowered the gray values on those teeth, while only stainless steel
brackets decreased the contrast between dentin and artificial dentin defects.® This
suggests that ceramic brackets, being made of a material that does not contain metal,
prevent the extreme absorption of X-ray beams, contributing to a higher homogeneity
of gray values and quality of the image. This may also apply to the ceramic self-ligating
system, once only low metal content in present (i.e., clips).

The effectiveness of orthodontic movement relies heavily on the action of
orthodontic wires and involves the proper interaction of factors related to the patient,
the applied mechanics, and the teeth and their supporting structures, in accordance
with their structural and mechanical characteristics. We found that the wire added to
the metallic bracket can be a limiting factor in some situations, as it can interfere with

the gray values and image quality. Comparing wires, the steel wire increased the
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dMGV and noise of self-ligating brackets. In the traditional sequence of swapping NiTi
and steel wires, the amount of force released changes with the progressive transition
of wire gauges. The round section NiTi wire, which is ideal for the initial alignment and
leveling phases, offers excellent flexibility combined with a memory effect. The
stainless steel wire, which is easy to handle and inexpensive, has various
characteristics and can be chosen for different stages of orthodontic treatment.’®
Orthodontists frequently prescribe CBCT scans for assessing airways, pre- and
post-orthognathic surgery conditions, root positions, and ectopic teeth.'® Once the
necessity for a CBCT scan in orthodontic patients is established, the orthodontist must
understand how to prescribe the scan at the optimal time to minimize the artefacts in
the images. Since it may not be feasible to remove the appliance prior to imaging, the
orthodontist can opt to remove the wire before imaging, especially for metallic brackets.
However, if this is not possible, it is advisable to consider the treatment phase when
prescribing the CBCT scan. The initial alignment and leveling phase are the most
suitable due to the favorable results with the NiTi wire for ceramic self-ligating brackets.
This study utilized ex vivo sample and lacked the soft tissues found in vivo.
However, the use of ballistic gelatine enabled the reproduction of these tissues,
thereby approximating clinical conditions.'? Employing only a single exposure protocol
on the CBCT scanner was crucial to prevent variations in the results during image
acquisition. Future studies could explore variations in these parameters with the aim

of reducing the occurrence of artefacts in CBCT scans of orthodontic patients.
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Conclusion

In conclusion, the expression of artefacts in CBCT scans is mostly influenced
by orthodontic brackets of different materials, especially metallic brackets. Thus, the
null hypothesis was rejected. There were few and specific differences in the expression
of artifacts between the maxilla and mandible. Aesthetic brackets, such as ceramic and
self-ligating ceramic brackets, produce fewer artefacts and alterations in the final
image. To minimize the limitations, it is suggested to remove the wire for metallic
brackets, as removing the appliance may not be feasible during treatment. However, if
it is not practical or feasible to remove the wire, the condition with NiTi wire is the most

favorable to perform the CBCT scan.
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3 CONSIDERACOES FINAIS

Em concluséo, diferentes tipos de aparelhos e fios ortodonticos expressam
artefatos com diferentes caracteristicas, sendo a hipotese nula rejeitada neste
trabalho. Houveram poucas e pontuais diferencas significantes na expressédo de
artefatos entre maxila e mandibula. Os braquetes estéticos (ceramico e autoligado)
apresentam menores alteragdes na imagem final. A remogao do fio é sugerida como
uma tentativa de minimizar as limitagdes presentes no exame, ja que a remogao do
aparelho nao pode ser feita durante o tratamento, porém, caso a remogao nao seja
pratica ou viavel, a condicdo com fio de NiTi é favoravel a realizagdo do exame de
TCFC. Portanto, o ortodontista deve se atentar ao tipo de aparelho e na melhor
condigao (braquete + fio) para solicitar o exame de TCFC, bem como ter conhecimento

que artefatos serao gerados nas imagens.
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APENDICE A — Metodologia Detalhada da Pesquisa

CARACTERISTICAS DAAMOSTRA

A amostra foi composta por dois fantomas confeccionados em gesso tipo pedra,
representando os arcos dentarios superior e inferior, com utilizagcdo de dentes
humanos extraidos previamente por motivos nao relacionados ao presente estudo.
Para cada fantoma foram utilizados 14 dentes, sendo: quatro molares, quatro prée-
molares, dois caninos, dois incisivos laterais e dois incisivos centrais, totalizando 28

dentes.

Critérios de inclusao
e Dentes humanos com anatomia compativel aos grupos dentarios:
molares superiores (n=4), pré-molares superiores (n=4), caninos
superiores (n=4), incisivos laterais superiores (n=2), incisivos centrais
superiores (n=2), molares inferiores (n=4), pré-molares inferiores (n=4),
caninos inferiores (n=2) e incisivos inferiores (n=4);
e Dentes com a face vestibular integra para permitir posicionamento dos

braquetes.

Critérios de exclusao
¢ Dentes com restauracdo (amalgama, resina ou coroas protéticas);
e Dentes com tratamento endodontico;
e Dentes com retentor intracanal;
¢ Dentes com cavidades extensas, comprometendo mais de duas faces

da coroa;
PREPARO DAAMOSTRA

Os dentes selecionados para composi¢gdo dos fantomas foram limpos,
desinfetados com alcool 70% e mantidos hidratados em agua até o momento de seu
uso. Os 28 dentes humanos foram divididos em dois grupos: 14 dentes superiores e
14 dentes inferiores, conforme demonstrado na Figura 1a. Para a montagem dos
fantomas, um manequim de uso laboratorial contendo dentes plasticos teve ambos os

arcos dentarios moldados com silicona de condensacao (Zhermack S.p.A, Rovigo,
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Italia), seguindo as instru¢des do fabricante (FIGURA 1b).

ApOs a presa do material, os dentes selecionados foram introduzidos nos seus
respectivos locais na moldagem, delimitando o formato do arco dentario e garantindo
alinhamento e pontos de contato entre os dentes. Em seguida, cera 7 foi utilizada para
vedar qualquer orificio ao redor das coroas dos dentes, evitando que no préoximo passo
0 gesso escorresse para a regiao de coroa dos dentes (FIGURA 1c). Apéds, gesso tipo
pedra foi manipulado de acordo com as indicagdes do fabricante acrescido de arroz
triturado numa proporcéo 1:1 para simulagdo do tecido ésseo alveolar. A mistura foi
vertida sobre as moldeiras, criando a base onde o arco dentario montado foi imerso
pelas porc¢oes radiculares dos dentes. Apos o tempo de presa completo do gesso, os
blocos contendo os dentes foram retirados das moldeiras (FIGURA 1d).

Os fantomas (superior e inferior) montados foram isolados com vaselina solida
e moldados quatro vezes com alginato. Em seguida, os moldes foram vazados com
gesso pedra para obtencéo de oito modelos réplica, sendo quatro superiores e quatro
inferiores (FIGURA 1e). A partir destes modelos de gesso, placas de acetato (0,75 mm
de espessura) foram confeccionadas para servirem de base para a colagem dos
braquetes ortodénticos (FIGURA 1f). Foram confecionadas oito placas no total, sendo:
um par de placas controle (sem a presenca de braquetes e fio), um par de placas com
braquetes metalicos (Morelli® Sorocaba, SP, Brasil), um par de placas com braquetes
ceramicos (Morelli® Sorocaba, SP, Brasil) e um par de placas com braquetes
autoligados ceramicos com clip NiTi (Morelli® Sorocaba, SP, Brasil). Os arcos foram
colocados nos braquetes apenas no momento da aquisi¢ao das imagens.

A colagem dos braquetes foi feita na parte vestibular das seis placas de acetato,
as quais estavam posicionadas sobre os fantomas (um par por vez). Marcagbes com
lapis foram feitas na face vestibular dos dentes dos dois fantomas utilizando a regra
do X (ROTH, 1987) com o auxilio de um posicionador de braquetes (Morelli®
Sorocaba, SP, Brasil) (FIGURA 2a). Sendo assim, temos: incisivos superiores centrais
(x = 4mm), incisivos superiores laterias (x = 4mm), caninos superiores (x = 5mm),
primeiro pré-molar superior (x = 4mm), segundo pré-molar superior (x = 3,5mm),
primeiro molar superior (x = 3mm), segundo molar superior (x = 2,5mm), incisivos
inferiores (x = 4mm), canino inferior (x = 4,5mm), pré-molares inferiores (x = 4mm) e

molares inferiores (x = 3mm).
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Figura 1 — Passo a passo para confecgao dos fantomas e placas de acetato. a: Foto
dos 28 dentes humanos selecionados para confeccao dos fantomas; b: — Foto da
moldagem com silicona de condensagdo de um manequim de uso laboratorial; c: —
Foto dos dentes selecionados introduzidos em seus respectivos locais na moldagem
com silicona de condensacgao e vedados com cera 7; d: Foto do modelo de gesso
contendo os dentes humanos extraidos; e: Foto dos modelos de gesso obtidos da

moldagem dos fantomas; f: Foto das placas de acetato de 0,75mm confeccionadas a

partir dos modelos de gesso obtidos.

YT L
UL

Fonte: Autor.

Os braquetes foram colados com adesivo cianoacrilato, com o auxilio de uma
pinga porta braquete (Morelli®, Sorocaba, SP, Brasil), sobre a placa posicionada no
modelo de gesso contendo os dentes humanos extraidos. Inicialmente foi feita a
colagem dos braquetes metalicos (com tubos metalicos nos molares) (FIGURA 2b) e
apo6s a secagem do cianoacrilato as placas foram removidas dos modelos de gesso e
outro par foi posicionado para a colagem dos braquetes ceramicos (com tubos
metalicos nos molares), passando pelo mesmo processo de colagem, secagem e
remocao das placas, para em seguida ser posicionado o ultimo par de placas para
colagem dos braquetes autoligados ceramicos com clip de NiTi (com tubos metélicos
nos molares).

Para cada par de placas contendo os braquetes (metalico, ceramico e
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autoligado ceramico com clip de NiTi), primeiro foi colocado o arco de NiTi 0.012”
(Morelli®, Sorocaba, SP, Brasil) e apds a aquisigao das imagens ocorreu a troca pelo
arco de aco inoxidavel 0.018” (Morelli®, Sorocaba, SP, Brasil), ambos fixados com
ligaduras elasticas utilizando um aplicador de elastique plastico (Morelli®, Sorocaba,
SP, Brasil), exceto no braquete autoligado que nao necessita das ligaduras.
Adicionalmente, foram confeccionados guias com silicona de condensagao
(Zhermack® S.p.A, Rovigo, Italia) para que os fantomas permanecessem em ocluséo
estavel durante todas as aquisi¢des de imagens. No total foram trés guias: um anterior
e dois posteriores (direito e esquerdo). A regidao vestibular foi sinalizada por escrito

com caneta a fim de facilitar o encaixe nos modelos (FIGURA 2c).

Figura 2 — Colagem dos braquetes e confeccéo das guias de silicona. a: Foto do
fantoma inferior com as marcagdes em lapis da altura para colagem dos braquetes; b:
Foto do fantoma inferior com a placa de acetato contendo os braquetes metalicos

colados; c: Foto dos guias de silicona posicionando os fantomas em ocluséo.

Nota: Na imagem 2c é possivel visualizar o guia anterior e o guia posterior esquerdo.

Fonte: Autor.
AQUISICAO DAS IMAGENS

Para a aquisicdo das imagens foi utilizado o tomografo OP300® Maxio
(Instrumentarium, Tuusula, Finlandia). Os fantomas foram posicionados no centro de
um recipiente plastico contendo gelatina balistica aderida a sua superficie para simular
tecidos moles (FIGURA 3a). A escolha da gelatina foi devido ao fantoma ficar
estabilizado no recipiente e pela gelatina ndo sofrer alteragdes durante as trocas de
placas nas aquisi¢des das imagens (NASCIMENTO et al., 2021). O conjunto recipiente
+ fantoma foi colocado no aparelho de TCFC com o auxilio de uma plataforma de

poliestireno com demarcagdes em caneta permanente, para permitir a padronizacao
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e manutengao do posicionamento durante todas as aquisi¢des. Adicionalmente, foram
utilizadas as luzes de referéncia para garantir o posicionamento dentro e na regiao
central do campo de visdo, e verificar se o plano oclusal de ambos os fantomas
(superior e inferior) estavam paralelos ao plano horizontal (FIGURA 3b).

Figura 3 — Posicionamento dos fantomas para aquisicao das imagens de TCFC. a:
Foto dos fantomas posicionados dentro do recipiente plastico com destaque para a
presencga da gelatina balistica; b: Foto dos fantomas posicionados no aparelho e em

posicdo com as luzes de referéncia do tomaografo.

Nota: Fantomas estavam com os braqutes metalicos e fio de NiTi.
Fonte: Autor.

Foram adquiridas imagens dos fantomas com as placas sem a presencga de
braquetes e fios ortoddnticos (controle), com trés tipos de braquetes combinados com
dois tipos de fios ortodénticos, utilizando protocolo fixo de aquisicdo de imagens de
TCFC (90kV; 6mA; campo de visdo de 6x8 cm; tamanho do voxel de 0,133mm). A
primeira aquisigao de imagens foi feita com as placas controle (sem braquetes e fios),
em seguida para cada par de placa contendo os braquetes primeiro foi feita uma
aquisicao sem fio e em seguida foi colocado o arco redondo de NiTi 0.012” (Morelli®,
Sorocaba, SP, Brasil) para uma nova aquisigdo. E entdo, ocorreu a troca pelo arco
redondo de ago inoxidavel 0.018” (Morelli®, Sorocaba, SP, Brasil) (FIGURA 4). As

aquisicoes de imagem de cada condigdo sob estudo foram adquiridas em tréplica,
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para evitar possiveis interferéncias de rede elétrica e possibilitar o calculo da média,

totalizando 30 volumes (QUADRO 1).

Figura 4 — Imagem com a sequéncia das aquisi¢ées de braquetes e fios.

Legenda: Da esquerda para direita, em A esta o grupo de braquetes metalicos sem arco, com arco de

NiTi e com arco de ago. Em B o grupo de braquetes ceramicos sem arco, com arco de NiTi e com

arco de ago. Em C o grupo de braquetes autoligados estéticos sem arco, com arco de NiTi e com

arco de aco.

Fonte: Autor.

Quadro 1 — Sequéncia das aquisi¢des das imagens com os quatro pares de placas.

Braquetes Fio Repeticoes
Placas Controle Sem fio 3 repeticdes
Sem fio 3 repeticdes
Placas com Braquetes Metalicos Com fio de NiTi | 3 repeticdes
Com fio de Aco |3 repeticdes
Sem fio 3 repeticdes
Placas com Braquetes Ceramicos Com fio de NiTi | 3 repeticdes
Com fio de Ago | 3 repeticdes
_ o Sem fio 3 repeticoes

Placas com Braquetes Autoligados Ceramicos com " — —
) — Com fio de NiTi | 3 repeticbes

clip de NiTi. _ _

Com fio de Aco |3 repeticdes

Fonte: Autor.
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AVALIAGAO DAS IMAGENS

ApOs a aquisicdo das imagens, estas foram exportadas do software de
aquisi¢cao no formato DICOM e armazenadas em dispositivos de memoria externa.
Um avaliador especialista em Radiologia Odontologica e Imaginologia, com sete anos
de experiéncia e treinado no aplicativo ImagedJ (NationalHealth Institute, Betheseda,
MD, EUA) foi responsavel pela avaliagao de todas as imagens de TCFC.

Previamente a avaliacdo das imagens, foi realizado o registro de todas as
imagens utilizando-se a primeira imagem controle adquirida como referéncia. Esse
registro foi realizado a fim de alinhar espacialmente todas as estruturas e posicionar
as ROls exatamente nos mesmos locais em todos os cortes. O registro foi feito no
software 3D Slicer® (versado 5.2.2) (FEDOROV et al., 2012), no mddulo General
Registration (BRAINS) e foi selecionada a imagem controle de referéncia como “fixed
image volume” e as outras imagens (uma a uma) como “moving image volume”. Foram
fixados os parametros em Percentage of Samples = 0.002; B-Spline Grid Size = 14,
10, 12; Initialize Transform Mode = useGeometryAlign; Registration Phases = Rigid (6
DOF) e Affine (12 DOF). Apos o registro de cada imagem, os cortes eram reexportados
no formato DICOM para posterior avaliagao.

Previamente a avaliagao, foi realizada a selegéo dos cortes para mensuragao
dos tons de cinza. Para cada volume adquirido foram selecionados quatro cortes
axiais, sendo um para maxila anterior, um para maxila posterior, um para mandibula
anterior e um para mandibula posterior. Em cada regido, um dente foi utilizado como
referéncia para seleg¢ao da altura do corte, sendo os dentes 11 e 16 para a maxila e
41 e 46 para a mandibula. Foi selecionado o corte axial correspondente a altura em
que o fio atravessava o braquete no dente referéncia para aquela regido (FIGURA 5).

Uma vez selecionados os cortes, estes foram agrupados por regido e
importados no programa ImageJ® (National Health Institute, Betheseda, MD, EUA)
para avaliagdo dos valores de tons de cinza em trés regides de interesse (ROI)
quadrangulares, sendo: uma ROI, com dimensdes de 3 x 3mm, posicionada adjacente
ao braquete na vestibular (V) do dente 11 ou 41 (maxila e mandibula anterior) ou 16 e
46 (maxila e mandibula posterior), uma ROI, com dimensdes de 1 x 1mm, posicionada
na dentina (D) destes mesmos dentes e uma ROI, com dimensdes de 3 x 3mm,
posicionada na lingual (L) destes dentes (FIGURAS 5 e 6). As ROIs foram

posicionadas de maneira a evitar estruturas como os braquetes e fio e a placa de
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acetato.

Adicionalmente uma ROI quadrangular, com dimensbées de 3 x 3mm, foi
posicionada na regido mais anterior (mandibula) ou posterior (maxila) do volume, com
caracteristicas homogéneas de tom de cinza e distante dos artefatos, servindo de
controle. Para padronizagao do posicionamento das ROI foi utilizada a ferramenta ROI
Manager, de maneira que a selegcado das ROI fosse realizada numa primeira imagem
e replicada para todas as outras. Para cada ROl em cada imagem foram registrados

os valores da média dos tons de cinza e o desvio-padrao.

Figura 5 — Imagem de um exemplo dos cortes selecionados e posicionamento das
regides de interesse para mensuragao dos tons de cinza - reconstrugdes do grupo

controle.

Legenda: Em A esta o corte selecionado da maxila anterior do grupo controle com as ROIs (V, L, D e
controle) posicionadas. Em B, o corte selecionado da maxila posterior do grupo controle com as ROls
(V, L, D e controle) posicionadas. Em C, o corte selecionado da mandibula anterior do grupo controle
com as ROIs (V, L, D e controle) posicionadas e em D, o corte selecionado da mandibula posterior do
grupo controle com as ROIs (V, L, D e controle) posicionadas.

Fonte: Autor.
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Figura 6 — Imagem de um exemplo dos cortes selecionados e posicionamento das
regides de interesse para mensuragao dos tons de cinza - reconstrugdes do grupo

braquete metalico com fio de NiTi.

Legenda: Em A esta o corte selecionado da maxila anterior do grupo braquete metalico com fio de NiTi.
com as ROls (V, L, D e controle) posicionadas. Em B, o corte selecionado da maxila posterior do grupo
de braquete metalico com fio de NiTi com as ROls (V, L, D e controle) posicionadas. Em C, o corte
selecionado da mandibula anterior do grupo braquete metélico com fio de NiTi com as ROIs (V,L,D e
controle) posicionadas e em D, o corte selecionado da mandibula posterior do grupo braquete metélico
com fio de NiTi com as ROIs (V, L, D e controle) posicionadas.

Fonte: Autor.

ANALISE ESTATISTICA

Os dados foram analisados no software SPSS® Versao 25.0 (IBM SPSS,
Armonk, EUA) e GraphPad Prism v8® (GraphPad, La Jolla, EUA), com nivel de
significancia de 5%. A médias dos tons de cinza foram subtraidas entre grupo controle
e cada grupo teste gerando a diferenca de tons de cinza (dAMGV) para cada ROI. Os
valores de desvio-padrao de cada ROI foram considerados como o ruido da imagem.
Adicionalmente, foi calculado a relacdo contraste-ruido (CNR) para cada ROI,
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baseado na formula abaixo proposta por (BECHARA et al., 2012):

| Médiareste—Médiacontrolel

CNR =

JDesvio—padréo%este+Desvio—padréoéontmle

Para cada arco dentario (maxila e mandibula) e para cada ROI (vestibular,
dente e lingual), separadamente, os valores de dMGV, ruido e CNR foram comparados
utilizando analise de variancia de dois fatores (two-way ANOVA) considerando como
fatores “braquete” e “fio ortoddntico”, e teste post-hoc de Tukey. Para as variaveis
ruido e CNR, os grupos de braquete sem fio, foram comparados ao controle com o
teste one-way ANOVA, com post-hoc de Dunnet. Adicionalmente, as variaveis dMGV,
ruido e CNR foram comparadas entre mandibula e maxila para cada condi¢cdo de
braquete e fio, por meio do teste T com correcdo de Holm-Sidak para comparagdes

multiplas.
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