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RESUMO

A tomografia computadorizada de feixe cénico (TCFC) pode ser indicada quando
ha suspeita de proximidade entre o terceiro molar inferior e o canal da mandibula e quando
maiores informacgdes acerca das estruturas da regido sdo necessarias. A qualidade da imagem
tomografica pode ser influenciada por fatores de aquisi¢do, como o tamanho do FOV (field of
view) e do voxel e o numero de imagens base. O objetivo nesse estudo foi avaliar a influéncia
dos parametros de aquisicdo na obtencdo de exames de TCFC na avaliacdo do terceiro molar
inferior e sua relagdo com o canal da mandibula. Foram utilizadas 8 mandibulas humanas
secas com 13 terceiros molares inferiores. Esses foram submetidos ao exame de TCFC no
aparelho Picasso Trio®. Os parametros energéticos foram fixados em 80 kVp e 3,5 mA e 0s
tamanhos do FOV (12 x 8,5 cm e 5 x 5 ¢cm) e do voxel (0,2 e 0,3 mm) e 0 nimero de imagens
base (375 e 600) variados. Dois examinadores juntos, por meio do programa CS 3D
Imaging®, avaliaram as imagens em relacdo a posicdo do dente, nimero e curvatura das
raizes, posicdo dessas em relacdo ao canal da mandibula e presenca ou ndo de contato direto
entre o dente e o canal. Quando ndo havia contato entre as raizes e o canal da mandibula, foi
obtida a distancia entre eles. Ap6s 30 dias, 30% da amostra foi reavaliada. Também foi
realizada a dosimetria dos exames adquiridos com os protocolos estudados. Para isso, foi
utilizado um phantom antropomorfico com 7 dosimetros termoluminescentes (LiF 100)
posicionados na regido de cristalinos, glandulas parétidas, submadibulares e tiredide. Os
dados foram analisados utilizando os testes de McNemar e t de Student para comparar as
respostas obtidas nas avaliacdes e ANOVA para comparar as doses de radiacdo obtidas com
os diferentes protocolos. O teste Kappa ponderado e o indice de Correlacéo Intraclasse (ICC)
foram realizados para verificar a concordancia intraexaminador. As analises adotaram um
nivel de significancia de 5%. Os diferentes protocolos utilizados nédo influenciaram nas
avaliacdes realizadas, exceto o voxel para a presenca ou ndo de contato entre o dente e o canal
da mandibula (p-0,021). Na auséncia do contato direto, a média da distancia entre o dente e 0
canal foi de 1,94mm. A concordancia intraexaminador foi de substancial a excelente (0,65 a
1,00) e o ICC indicou replicabilidade excelente para a distancia entre o dente e o canal (0,87)
e para as doses de radiacdo (0,92). A dose de radiacdo foi maior para os FOVs maiores e para
0 maior nimero de imagens base. Foi possivel concluir que a analise do terceiro molar
inferior e sua relacdo com o canal da mandibula ndo é influenciada pelos fatores FOV e

numero de imagens base. Desta forma, protocolos de baixa dose devem ser utilizados (FOV e



namero de imagens base menores). O uso de voxel menor favoreceu a avaliagdo do contato

entre o dente e o canal da mandibula, devendo ser preferido.

Palavras-chave: Dente serotino. Tomografia Computadorizada de Feixe Conico. Diagnostico

por imagem.



ABSTRACT

Cone Beam Computed Tomography (CBCT) may be indicated when there is a suspect
of proximity between the mandibular third molar and the mandibular canal and when more
information about the structures of the region is needed. The quality of the tomographic image
can be influenced by acquisition factors such as the FOV (field of view) and voxel sizes and
the number of basis images. The aim of this study was to evaluate the influence of the
acquisition parameters used in CBCT exams for assessment of mandibular third molar and its
relationship with the mandibular canal. Eight dried human mandibles with 13 mandibular
third molars were used. These were submitted to CBCT exams in Picasso Trio®. The energy
parameters were fixed in 80 kVp and 3.5 mA and the FOV size (12 x 8.5 cm and 5 x 5 cm),
the voxel (0.2 and 0.3 mm) and the number of basis images (375 and 600) were varied. Two
examiners, together, evaluated the images using CS 3D Imaging® program. They evaluated
the images according to the tooth angulation, number and curvature of roots, the position of
the roots in relation to the mandibular canal and the presence or not of direct contact between
the tooth and the mandibular canal. When there was no contact between the tooth and the
mandibular canal, the distance between them was obtained. After 30 days, 30% of the sample
was reassessed by the examiners. Also, the dosimetry of the studied protocols was performed.
For this, was used an anthropomorphic phantom with 7 thermoluminescent dosimeters (LiF
100) positioned in the crystalline region, parotid glands, submandibular glands and thyroid.
The data were analyzed using McNemar and Student’s t tests to compare the answers
obtained in evaluations and multifactor variance analysis (ANOVA) to compare the absorbed
doses obtained in each protocol. For intra-examiner agreement analysis, weighted Kappa test
and the Intraclass Correlation Coefficient (ICC) was performed. A significance level of 5%
was considered for all statistical tests. The different protocols used did not influence in the
assessments, except voxel for the presence or not of the contact between the tooth and the
mandibular canal (p = 0.021). When the direct contact was absence, the average of the
distance between the tooth and the canal was of 1.94mm. The intra-examiner agreement was
substantial to excellent (0.65 to 1.00) and ICC showed an excellent replicability for the
distance between the mandibular canal and the roots (0.87) and for the radiation doses (0.92).
The radiation dose was higher for larger FOVs and for the greater number of basis images. It
was concluded that the analysis of the third molar and its relationship with the mandibular
canal is not influenced by the acquisition factors, FOV and the number of basis images. Thus,
low dose protocols should be used (lower FOV and number of basis images). The use of



lower voxel favored the assessment of contact between the tooth and the mandibular canal
and it should be preferred.

Keywords: Third, molar. Cone-beam computed tomography. Diagnostic imaging.
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1 INTRODUCAO

A remocdo de um terceiro molar inferior € uma das cirurgias mais comuns na
Odontologia. Esse procedimento deve ser realizado apds a analise de um exame radiografico
que deve mostrar informacdes sobre o dente, 0 0sso circundante, o dente vizinho e sua relagédo
com as estruturas anatdmicas, sendo a mais importante o canal da mandibula. Os exames por
imagem sdo necessarios para orientar o profissional na defini¢do de conduta, bem como nos
cuidados que deverdo ser tomados durante o procedimento (Matzen e Wenzel, 2015).

Um dos exames mais utilizados para a avaliacdo inicial dos terceiros molares
inferiores é a radiografia panoramica visto que possui um baixo custo e uma baixa dose de
radiacdo. Porém, por ser um exame bidimensional, ndo permite que as relagfes estruturais
sejam evidenciadas em profundidade (Arora et al., 2015).

A tomografia computadorizada de feixe conico (TCFC) se tornou um método
auxiliar de diagnostico amplamente aceito na Odontologia por oferecer dados tridimensionais
com menor custo e dose de radiagdo para o paciente quando comparada a tomografia
computadorizada multidetector (Kim e Lee, 2014). Essa tem sido sugerida quando héa suspeita
de contato do terceiro molar inferior com o canal da mandibula, pois acrescenta informacdes
detalhadas sobre a relacdo vestibulo-lingual dessas estruturas, possibilitando uma melhor
visualizacdo das raizes do dente, além da posicdo e do trajeto do canal da mandibula
(Soumalainen et al., 2010; Neugebauer et al., 2008).

No entanto, quando comparada a radiografia panoramica, o custo e a dose de
radiacdo da TCFC sdo superiores. Por isso um grupo de trabalho propés o0 SEDENTEXCT
que consiste em um manual com critérios de sele¢do baseados em evidéncias com indicacBes
para a realizacdo desses exames, determinando que quando da realizacdo de radiografias
bidimensionais e conclusdo de que mais informagbes sdo necessarias acerca da regido, a
TCFC pode ser indicada (SEDENTEXCT, 2012).

O ndmero de equipamentos de TCFC disponiveis no mercado aumentou
substancialmente e novos modelos estdo sendo desenvolvidos continuadamente. Embora o
principio basico de realizacdo do exame seja semelhante para todos, eles se diferenciam por
oferecerem parédmetros de aquisi¢cdo (tamanho do voxel, do FOV - field of view e nimero de
imagens-base) que podem ser selecionados de acordo com as necessidades clinicas e
caracteristicas anatdmicas do paciente (Pauwels et al., 2015). Esses parametros podem

influenciar na qualidade da imagem e no diagndstico, bem como interferir na dose de
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radiacdo. Sendo assim, o desafio permanente na otimizacdo da TCFC é reduzir a dose de
radiacdo sem diminuir drasticamente a qualidade da imagem e as informacdes de diagndstico,
seguindo dessa forma, o principio ALARA (As Low As Reasonably Achievable — tdo baixo
quanto razoavelmente possivel).

O voxel é a menor parte distinguivel da imagem tridimensional e na TCFC é
isotropico. O tamanho do voxel é importante em termos de qualidade, digitalizacdo e
reconstrucdo (Kamboruglu et al., 2015). Quanto menor o tamanho do voxel, maior sera a
resolucdo espacial e o ruido, o que pode interferir na qualidade da imagem. Como esse é um
parametro de reconstrugédo, o tamanho do voxel em geral, ndo interfere na dose de radiagéo
(Pauwels et al., 2015). Porém deve ser ressaltado que essa afirmacédo é valida para aparelhos
em que os fatores de aquisicdo do exame podem ser selecionados de maneira independente
uns dos outros.

O FOV corresponde a regido de interesse do exame. FOVs menores diminuem a
quantidade relativa de radiacéo dispersa que alcanca o detector, levando a uma diminuigédo do
ruido e dos artefatos melhorando a qualidade da imagem. Além disso, devido a uma area
menor ser irradiada, haverd uma reducdo da dose de radiacao (Pauwels et al., 2015).

Ja o nimero de imagens-base refere-se a quantidade de imagens bidimensionais
adquiridas durante o exame de TCFC para reconstrugdo do volume. Quanto maior o nimero
de imagens base, melhor a qualidade da imagem. No entanto, o nimero de imagens-base é
proporcional a dose de radiacdo, uma vez que um tempo de exposicdo maior é requerido
(Bechara et al., 2013).

Estudos que busquem avaliar a interferéncia dos parametros de aquisi¢cdo na
visualizacdo do terceiro molar inferior e sua relagdo com o canal da mandibula sdo
importantes para definir qual o melhor protocolo a ser utilizado nesses casos, visto que essa €
uma das indicacdes da TCFC. A influéncia do avaliador e o fato da imagem ser adquirida em
diferentes tomografos na avaliagdo de terceiros molares inferiores foram testadas, tendo sido
demonstrado que esses fatores ndo interferem em tal diagnostico (Matzen et al., 2013). No
entanto, nesse Ultimo estudo, ndo foi possivel avaliar fatores referentes aos protocolos de
aquisicdo, ja que ambos os aparelhos utilizados apresentavam tamanhos de FOV e de voxel
muito semelhantes. Ainda, por se tratar de um estudo com pacientes, um mesmo dente ndo
pode ser escaneado nos dois aparelhos, ndo sendo possivel uma comparacao direta de suas

avaliacOes, 0 que destaca a necessidade de um estudo in vitro.
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Dessa forma, foi objetivo neste estudo avaliar a influéncia dos parametros de
aquisicdo de exames de tomografia computadorizada de feixe conico na visualizagdo do

terceiro molar inferior e sua relacdo com o canal da mandibula.
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2 ARTIGO: EVALUATION OF MANDIBULAR THIRD MOLARS
THROUGH CONE BEAM COMPUTED TOMOGRAPHY: INFLUENCE
OF ACQUISITION PARAMETERS

Esse artigo foi submetido a apreciacdo, visando publicacdo, pelo periddico
Dentomaxillofacial Radiology, considerado Qualis Al pela CAPES, com fator de impacto de
1,919 (Anexo 2). A formatacdo do artigo baseou-se nas “Instrugdes aos Autores”

preconizadas pela editora do periddico.
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Abstract

Objective: To assess the influence of acquisition parameters used during cone-beam
computed tomography (CBCT) scans on the evaluation of mandibular third molars and on the
determination of the relation between the tooth and the mandibular canal.

Method: Eight dry human mandibles with thirteen mandibular third molars were scanned
with a CBCT Picasso Trio® unit. Energy parameters were fixed at 80 kVp and 3.5 mA. Field
of view (FOV) size (12x8.5cm and 5x5cm), voxel size (0.2 and 0.3 mm) and the number of
basis images (375 and 600) were the variables in the study. Two examiners evaluated the
images regarding 1) tooth position, 2) root number and curvature, 3) root position relative to
the mandibular canal and 4) contact between the tooth and the mandibular canal. The distance
between the tooth and the mandibular canal was measured whenever a noticeable separation
was present. Moreover, dosimetry for the protocols was established with an anthropomorphic
phantom.

Results: The variables studied did not influence preoperative third molar evaluation, except
for the voxel size when assessing contact between the tooth and the mandibular canal (p=
0.021). While FOV and number of images affected total radiation dose, voxel size did not.
Conclusion: In general, the evaluation of mandibular third molars and assessment of the
relation between the tooth and the mandibular canal do not seem to be influenced by
acquisition parameters during CBCT scanning. Thus, the rationale for choosing one protocol

over another should be based on the total dose delivered to the patient.

Keywords: Molar, Third; Cone-Beam Computed Tomography; Diagnostic Imaging
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Introduction

Imaging of mandibular third molars provides essential information for predictable
treatment planning. Ideally, imaging of mandibular third molars must reveal information
about not only the tooth, but also about the surrounding bone, the adjacent teeth and the
relation with neighboring anatomical structures, especially the mandibular canal.*

Panoramic radiography is commonly used for third molar evaluation due to its wide
availability, low cost and low radiation doses. Unfortunately, its two-dimensional nature
hinders depth assessment in the bucco-lingual direction.? Thus, cone-beam computed
tomography (CBCT) has been suggested when there is suspicion of contact between the
mandibular third molar and the mandibular canal or when one is unsure about the canal’s
position or course.>* While CBCT delivers lower radiation doses and is not as costly as
multislice computed tomography, it does not surpass panoramic radiography in those two
parameters; therefore, surgeons usually request CBCT scans only after deciding that the
information provided by panoramic radiography is insufficient for predictable pre-surgical
planning.”

The several CBCT units available in the market usually offer a wide variety of
acquisition settings that can be adjusted to the surgeon’s or the patient’s individual needs.
These parameters include energy factors (kVp and mA), voxel size, field of view (FOV) size
and number of basis images.®’ These factors can influence image quality and/or the radiation
dose delivered to the patient. Yet, CBCT scanning optimization is centered on reducing the
radiation dose without losing diagnostic quality as proposed by the ALARA’s principle (As
Low As Reasonably Achievable).

Oral surgeons have been using CBCT scans more liberally for the evaluation of
mandibular third molar and treatment decision-making. Studies assessing the influence of
CBCT acquisition parameters on the visualization of teeth and the surrounding anatomy or on
the radiation dose produced during scanning are important to determine the most suitable
protocol for these cases. One study assessed variables such as different examiner profiles and
CBCT units from different manufacturers and found no significant influence on diagnostic
quality.® Since that study was performed in humans, one tooth could not be scanned more
than once using different units and no direct comparisons were possible. Therefore, the aim of
this study was to assess the influence of CBCT acquisition parameters (i.e. FOV, voxel size
and number of basis images) on the evaluation of mandibular third molars and on the

determination of the relationship between the tooth and the mandibular canal.
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Materials and Methods

This study was approved by the Local Research Ethics Committee (protocol
#52425316). Eight dry human mandibles containing thirteen lower third molars were used in
this study. Proximity between the lower third molar and the mandibular canal visualized in
periapical radiographs was used as the inclusion criteria.

Images Acquisition

The dry mandibles were positioned in a cylindrical polyethylene container filled with
enough water to cover it and simulate X-ray attenuation by the soft tissues of the maxillofacial
region® and scanned with a Picasso Trio cone-beam computed tomography unit (Vatech, E-
WOO Technology Co, Ltd, Korean Republic). For the initial scanning, the mandibles were
positioned with the occlusal plane parallel to the horizontal plane and the midsagittal plane
perpendicular to that plane. Then, positioning was adjusted according to FOV size and its
position (towards the right or left sides when a reduced FOV was used).

The energy parameters were fixed at 80 kVp and 3.5 mA to test the following factors
and their variations: FOV (12x8.5cm and 5x5cm), voxel size (0.2 and 0.3 mm) and the
number of basis images (375 and 600) (Table 1). Thus, eight images were obtained for each
tooth (Figure 1). The images were saved as DICOM files, which were encoded and

randomized for further evaluation.

Table 1. Protocols used in image acquisitions in CBCT Picasso Trio unit

Scanning mode Voxel FOV ROI
5x5  Mandible (posterior region for each side)
Standard (3.5mA; 80kVp; 0.2 12x85 Mandible
t=15s; Rot.=360°; Basis . . . .
images=375) 0.3 5x5  Mandible (posterior region for each side)
12x8.5 Mandible
5x5  Mandible (posterior region for each side)
High density (3.5mA; 0.2 12x85 Mandible
80kVp; t=24s; Rot.=360° . . . .
Basis images=600) 0.3 5x5  Mandible (posterior region for each side)

12 x 8.5 Mandible

ROI: region of interest.
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Figure 1. Cone beam computed tomography images acquired with different protocols

FOV 12x8.5

Voxel 0.3 Voxel 0.3 Voxel 0.2 Voxel 0.2
375 Basis images 600 Basis images 375 Basis images 600 Basis images

Voxel 0.3 Voxel 0.3 Voxel 0.2 Voxel 0.2
375 Basis images 600 Basis images 375 Basis images 600 Basis images

{

Images Assessment

The images were evaluated by two experienced, calibrated examiners on a 24.1>> LCD
monitor with a resolution of 1920x1200 pixels (MDCR-2124, Barco, Kortrijk, Belgium) in a
quiet environment with dim lighting using the CS 3D Imaging ® (Carestream Dental, New
York, USA). The calibration session consisted of evaluation and discussion of ten CBCT
scans not included in the study sample. The examiners were allowed to adjust the brightness
and contrast and use the zoom. Besides, they performed a dynamic assessment, adjusting the
exam to the best plane that represented the variable studied.

The following variables were evaluated concerning the mandibular third molars:

1. tooth angulation (adapted from Winter, 1926 vertical, horizontal,
mesioangular, distoangular, others);

2. number of roots (1, 2, 3 or more);

3. direction of root curvature (assessed on the sagittal plane, categorized in
straight, mesial or distal);
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4. bucco-lingual root position in relation to the mandibular canal (assessed on the
coronal plane, categorized in buccal, lingual or aligned);

5. direct contact with the mandibular canal (assessed on the coronal plane,
categorized in yes or no);

6. lower distance between root and the mandibular canal, measured in millimeters
in the absence of contact between the two structures (assessed on the coronal
plane).

The variables 2, 3, 4 and 5 were adapted from Matzen et al. 2013%. For the variables
“tooth angulation” and “number of roots”, there was only one answer per tooth. For the
remaining variables, each root was evaluated individually.

Thirty days after the initial assessment, 30% of the sample was reassessed to determine

intra-examiner reproducibility.

Dosimetry

An anthropomorphic tissue equivalent phantom was used to evaluate the radiation
doses delivered according to different protocols tested in this study. Seven sets of three
calibrated thermoluminescent dosimeters (TLD) (LiF 100) were positioned on the phantom in
the anatomical regions corresponding to the crystallines (right and left side), parotid glands
(right and left), submandibular glands (right and left) and thyroid. A set of three TLDs was
kept out of the examination room to measure the average background radiation to be
subtracted from the doses derived from the study’s protocols.

The phantom was positioned as described for the mandibles, and the scans employed
the same equipment and protocols. For small FOV, two acquisitions were performed (right
and left) without changing the TLD set to simulate imaging of patients with bilateral
mandibular third molars. Due to the low radiation released by a single CBCT scan and given
the number of dosimeters out of the primary irradiated area when small FOVs were used, two
exposures for each protocol were performed to obtain measurable values, i.e., two
acquisitions were performed for large FOVs and four for small FOVs.

A thermoluminescent reader (Harshaw thermoluminescent scanner, model 2000,
Thermo Fisher Scientific Inc., Waltham, MA, USA) was employed to read the dosimeters.
The values corresponding to background radiation were subtracted from the initial readings.

Then, the results were divided by the number of “exposures” (2) to express the average
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exposure per dosimeter, obtaining the mean value for each set of dosimeters representing the
doses for each region.
This procedure was performed twice in order to assess the reproducibility of the

method.

Statistical Analysis

Data analysis was conducted with the SPSS® v.22.0 (SPSS Inc., Chicago, IL), and a
significance level of 5% was considered for all statistical tests. To compare the results of
image assessment for the different protocols, McNemar and McNemar-Bowker tests were
used for categorical variables, while the Student’s t test was used for the parametric variable
distance between root and mandibular canal. The null hypothesis considered that there was no
significant difference among the protocols. For intra-examiner agreement analysis, weighted
Kappa test was performed for the categorical variables (0.40 — poor agreement; 0.40-0.59 —
average agreement; 0.60-0.74 — substantial agreement; 0.75-1.00 — excellent agreement) and
the Intraclass Correlation Coefficient (ICC) for the parametric variable. To compare the
absorbed doses obtained in each protocol, a multifactor variance analysis (ANOVA) was
used. The null hypothesis considered that there was no significant differences among the

obtained doses. ICC was also performed to test the reproducibility of dosimetry.

Results

Regarding the influence of voxel size on image assessment, there were no significant
differences for all variables (p>0.05), except to contact between the tooth and the mandibular

canal (p=0.021), as shown in Table 2.
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Table 2. Contingency table confronting the responses obtained with voxels 0.2mm and 0.3mm

Voxel 0.2
2 3
Number of roots 2 46 (88.5%) 0 (0%)
p=1.000 3 0 (0%) 6 (11.5%)
Vertical Horizontal Mesioangular
Tooth angulation Vertical 36 (69.2%) 0 (0%) 0 (0%)
p=1.000 Horizontal 0 (0%) 9(17.3%)  1(1.9%)
Mesioangular 0 (0%) 1(1.9%) 5(9.6%)
Straight Mesial Distal
Direction of root Straight 66 (60.0%) 1 (0.9%) 7 (6.4%)
curvature
Voxel 0.3 Mesial 2 (1.8%) 4 (3.6%) 0 (0%)
p=0.644 Distal 5 (4.6%) 1(0.9%) 24 (21.8%)
Aligned Lingual
Root_position in Aligned 50 (45.5%) 3 (2.7%)
relation to the canal
Lingual 6 (5.5%) 51 (46.3%)
p=0.508
No Yes
Contact between the No 50 (45.5%) 9 (8.2%)
tooth and the canal
Yes 1 (0.9%) 50 (45.5%)

p=0.021°

4 Statistically significant difference, according to McNemar test (p < 0.05).

In addition, FOV size and number of basis images did not affect image assessment

(Tables 3 and 4, respectively).
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Table 3. Contingency table confronting the responses obtained with FOV sizes 12x8.5 cm and

5X5cm
FOV 5x5
2 3
Number of roots 2 44 (84.6%) 4 (7.7%)
p=0,125 3 0 (0%) 4 (7.7%)
Vertical Horizontal Mesioangular
Tooth angulation Vertical 36 (69.2%) 0 (0%) 0 (0%)
p=0.061 Horizontal 0 (0%) 8(15.4%)  4(7.7%)
Mesioangular 0 (0%) 0 (0%) 4 (7.7%)
Straight Mesial Distal
Direction of root Straight 64 (59.3%) 4 (3.7%) 5 (4.6%)
curvature
FOV 12x8.5 Mesial 2 (1.9%) 2 (1.9%) 0 (0%)
p=0.624 Distal 6 (5.6%) 1(0.9%) 24 (22.2%)
Aligned Lingual
Root position in Aligned 50 (46.3%) 5 (4.6%)
relation to the canal
p=1.000
No Yes
Contact between the No 49 (45.4%) 3 (2.8%)
tooth and the canal
Yes 5 (4.6%) 51 (47.2%)

p=0.727
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Table 4. Contingency table confronting the responses obtained with 375 basis images and 600
basis images

600 Basis images

2 3
Number of roots 2 46 (88.5%) 0 (0%)
p=1.000 3 0 (0%) 6 (11.5%)
Vertical Horizontal Mesioangular
Tooth angulation Vertical 36 (69.2%) 0 (0%) 0 (0%)
p=1.000 Horizontal 0 (0%) 9(17.3%)  1(1.9%)
Mesioangular 0 (0%) 1(19%)  5(9.6%)
Straight Mesial Distal
Direction of root Straight 64 (58.2%)  5(45%) 6 (5.5%)
375 Basis curvature
images Mesial 2 (1.8%) 2 (1.8%) 1 (0.9%)
p=0.515 Distal 6 (5.5%) 0(0%)  24(21.8%)
Aligned Lingual
Root_position in Aligned 49 (44.5%) 9 (8.2%)
relation to the canal
p=0.065
No Yes
Contact between the No 49 (44.5%) 8 (7.3%)
tooth and the canal
Yes 4 (3.6%) 49 (44.5%)

p=0.388

The average distance between the roots and the mandibular canal in the absence of
contact between the structures was 1.94 + 0.68 millimeters. The tested variables did not
produce significant differences in this measure (p>0.05).

The intra-examiner agreement for the categorical variables ranged from substantial to
excellent (0.65 to 1.00). Furthermore, ICC showed an excellent replicability for the distance
between the mandibular canal and the roots (ICC=0.87).

The absorbed doses obtained with the different protocols are shown in Table 5. The
values represent the sum of readings from all seven anatomical regions described above.
Moreover, as mentioned previously, the doses presented for 5x5 FOV refer to two
acquisitions of CBCT: one for each side (right and left). ANOVA indicated that total dose
was affected by the number of basis images and by FOV size (p=0.000001 and 0.00008,
respectively), but not by voxel size (p=0.065). In brief, the higher the FOV size or the number
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of basis images, the larger the absorbed dose. ICC also showed an excellent reproducibility for
dosimetry (ICC=0.92).

Table 5. Comparison of absorbed radiation doses obtained with different protocols (mGy)

Voxel FOV? Basis images® Mean Standard deviation
375 23.25 1.61
12x8.5
600 40.00 0.79
0.3
375 19.78 2.93
5x5°
600 29.56 1.79
375 23.92 1.10
12x8.5
600 38.47 1.39
0.2
375 16.46 0.88
5x5°
600 29.86 3.48

Doses from different FOV sizes show statistical significant difference.
®Doses from different numbers of basis images show statistical significant difference.
¢ Corresponds to two exposure.

Discussion

CBCT has been regarded as the most valuable imaging modality for the preoperative
assessment of mandibular third molars when two-dimensional radiographs suggest an intimate
relationship between the teeth to be removed and the mandibular canal.***! In this context,
the goal of this study was to determine the most suitable acquisition protocol for CBCT scans
requested in the preoperative workup of mandibular third molar removal when changing
parameters such as FOV size, voxel size and number of basis images. Only one study
evaluated factors related to CBCT scans that could affect the image assessment in that
context, but it assessed factors such as examiners’ background and differences in the image
quality of two different CBCT units with similar exposure parameters.® Unfortunately, studies
with patients do not permit to determine how much image acquisition factors influence image
interpretation, since several exposures of the same region are not allowed due to ethical
restraints. Thus, the importance of this study should be highlighted since a direct comparison

among the acquisition parameters was possible in a laboratory setting.
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The voxel size seemed to affect the assessment of the relation between the tooth and
the mandibular canal. This aspect is of great relevance for surgeons since studies reported that
an intimate relation between the tooth and the canal may influence the decision of performing
a coronectomy.>®® Our results ratify studies that assessed the influence of voxel size
influence on the assessment of anatomical and pathological features of the oral and
maxillofacial region, such as periodontal defects, root fractures, root resorptions and erosion
in the temporomandibular joint.***>%"18 Alternatively, others have not been able to identify

any relevant influence of voxel size on image assessment.'*%

We can only assume that
differences in the voxel sizes used or in the anatomical structures evaluated could account for
these discrepant results, given that when voxel size is greater than the structure evaluated,
voxel value would not represent the tissue or its limit, but instead it will be an average of
different tissues’ values.?

Voxel size affects image quality because it is one of the factors that has an effect on
the spatial resolution and on the noise. The professionals should consider this fact when set
this parameter. Since it is a reconstruction parameter, voxel size alone does not have an effect
on the radiation dose.® However, this is true only for CBCT units in which acquisition
parameters can be set independently of each other. This explains our results, in which voxel
size did not affect radiation dose; but this only occurred because the energy parameters were
fixed for all different protocols. In units that have voxel size changing along with energy
parameters, the radiologist should also consider the dose, besides the spatial resolution and the
noise.

One would expect that FOV size could influence image assessment, since some
support that smaller FOVs decrease the relative scattered radiation that reaches the detector,
thus reducing noise and artifacts and improving image quality.® In our study, however, image
acquisition with a smaller FOV did not enhance image assessment. Comparing our results to
those from studies that assessed the influence of FOV on the diagnosis of conditions such as

22,23,24 Whl Ie

periapical diseases and TMJ pathologies, some have shown similar conclusions
some have not.>?*#'?® Gince the anatomical structures evaluated in these studies were
different from those assessed here, it is rather difficult to establish a straightforward
comparison. On the other hand, we were able to identify an influence of FOV size on the
radiation dose, in agreement with other report.* It is know that FOV size influences the dose
directly as it relates to the area in the patient’s body that is effectively irradiated. However,
mandibular third molars are usually present bilaterally, and it could not be advantageous to

use a smaller FOV for preoperative imaging as there is a need for two exposures. For this
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reason, the dose values for the 5x5cm FOVs refer to two CBCT acquisitions: one from the
right and another from the left side. We found that, even if bilateral evaluation is needed, the
dose delivered during acquisition of two 5x5cm FOV scans was smaller than that of one
12x8.5cm FOV scan, showing that a limited FOV restricted to the area of interest is
advantageous even if two exams are necessary. Therefore, considering dose and image
assessment, it is reasonable to choose a small FOV size.

The number of basis images did not affect the evaluation of the structures of interest in
this study, as shown elsewhere.”?*3%*! On the other hand, the more images, the higher the
radiation dose, since this parameter is closely related to exposure time.>’ Therefore, protocols
with a smaller number of basis images are suggested for the preoperative assessment of lower
third molars to avoid unwanted and unnecessary exposure to radiation.

Our intra-examiner agreement ranged from substantial to excellent, which was even
higher than that reported by Matzen et al. 2013, in which the Kappa values ranged from 0.34
to 0.78 if we consider the parameters evaluated congruently in both studies.

The lack of a gold standard is one limitation of our study, since the mandibles were not
evaluated histologically or with other destructive technique for ethical reasons. However, this
IS an issue that is often found in clinical studies, but that is not a reason to discredit the
scientific information derived from them. On the other hand, it shows as an advantage, in
relation to these studies, the possibility of repeating the exam of the same tooth as often as
necessary.

In addition, it is important to stress that this study by no means has the purpose of
stimulating the use of CBCT in the pre-surgical workup of mandibular third molars; instead, it
is aimed to suggest the most suitable acquisition protocol that offers maximum quality in

imaging and image interpretation while avoiding unnecessary exposure to radiation.

Conclusion

Based on our findings, it seems prudent to choose a low-dose CBCT protocol for the
pre-surgical workup of mandibular third molars. Whenever possible, images for that specific
purpose should be acquired with a small FOV and a lower number of basis images, since
these settings decrease radiation dose but do not interfere with image quality. Moreover, the
use of a smaller voxel has enhanced the assessment of contact between the tooth and the
mandibular canal, which is an interesting feature especially in CBCT units in which the
settings of this parameter does not interfere with the radiation dose.
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3 CONCLUSAO

Para a avaliacdo do terceiro molar inferior e sua relacdo com o canal da mandibula na
TCFC, a utilizacdo de menor FOV e menor nimero de imagens base sdo indicados, uma vez
que esses parametros diminuem a dose de radiacdo sem interferir na visualizagdo das
estruturas avaliadas. O uso de um menor voxel é recomendado, visto que esse parametro
influenciou a avaliacdo da relagdo de contato entre o dente e o canal da mandibula mas nao

interferiu na dose de radiacéo.
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APENDICE

MATERIAL E METODOS DETALHADOS

Aspectos éticos

O presente estudo foi aprovado pelo Comité de Etica em Pesquisa da Faculdade de
Odontologia de Piracicaba, da Universidade Estadual de Campinas - FOP/UNICAMP —
Protocolo n° 52425316.

Objeto do estudo

Foram utilizadas 8 mandibulas humanas secas que apresentavam 13 terceiros molares
inferiores. Estas fazem parte do acervo da area de Radiologia, do Departamento de
Diagnostico Oral da FOP/UNICAMP e nédo foram identificadas.

Critérios de inclusdo e exclusdo

Foram incluidas as mandibulas que apresentavam relacdo de proximidade do terceiro
molar inferior direito e/ou esquerdo com o canal da mandibula visualizada em radiografias
periapicais.

Foram excluidas as mandibulas que apresentavam terceiros molares inferiores cujas

raizes estejam distantes do canal da mandibula (acima de 1mm).
Aparelho de TCFC

O presente estudo foi realizado utilizando o equipamento de tomografia
computadorizada de feixe conico Picasso Trio® (Vatech, E-WOO Technology Co, Ltd.
Republica da Coréia) na clinica de Radiologia Odontoldgica da FOP/UNICAMP por dois

radiologistas devidamente licenciados (Figura 1).
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Figura 1 - Aparelho de tomografia computadorizada de feixe conico Picasso Trio® (Vatech,
E-WOO Technology Co, Ltd. Republica da Coréia)

1

- I,

Aquisicao das imagens

As mandibulas foram posicionadas em um recipiente de polietileno cilindrico
preenchido com &gua em quantidade suficiente para cobri-la para simular a atenuagdo da
radiacdo X pelos tecidos moles da regido (Katsumata et al., 2007) (Figura 2 A). Os
parametros energeéticos foram fixados em 80 kVp e 3,5 mA, para permitir a avaliacdo da
influéncia dos fatores estudados: tamanho do FOV e do voxel e nimero de imagens base. Os
protocolos utilizados nas aquisi¢des podem ser visualizados na Tabela 1. Dessa forma, foram

adquiridas 8 imagens de cada dente da amostra.



41

Tabela 1 - Protocolos utilizados na aquisi¢do das imagens de TCFC no aparelho Picasso Trio

Modo de escaneamento Voxel FOV ROI
5x5 Mandibula (regido posterior de cada lado)
Standard  (3,5mA;  80KVp: 0.2 12x85 Mandibula
t=15s; Rot.=360°; Imagens . i .
base=375) 03 5x5 Mandibula (regido posterior de cada lado)
’ 12x8,5 Mandibula
02 5x5 Mandibula (regido posterior de cada lado)
High density (3,5mA; 80kVp; ’ 12x8,5 Mandibula
t=24s; Rot.=360°; Imagens ; -~ )
base=600) 03 5x5 Mandibula (regido posterior de cada lado)
’ 12x85 Mandibula

Durante a execugdo dos exames, as mandibulas foram posicionadas com o plano

oclusal paralelo ao plano horizontal e o plano sagital mediano perpendicular ao plano

horizontal. Posteriormente, seu posicionamento foi ajustado de acordo com o tamanho do

FOV e a ROI (se direita ou esquerda quando um FOV reduzido foi utilizado) para obtencéo

de todos os protocolos (Figura 2 B e C). Apds 0 escaneamento, as imagens foram exportadas

no formato DICOM (Digital Image Communication in Medicine), codificadas e aleatorizadas

para avaliacgéo.

Figura 2 - A) Posicionamento da mandibula no recipiente de polietileno preenchido com

agua; B e C) Posicionamento da mandibula no aparelho de TCFC

Avaliagéo das imagens

As imagens foram avaliadas em um monitor LCD de 24,1 polegadas, com resolucédo de
1920 x 1200 pixels (MDCR-2124, Barco, Kortrijk, Belgium), em um ambiente tranquilo e

com baixa iluminacdo. As avaliagdes foram realizadas por dois examinadores juntos,

previamente calibrados e com experiéncia em TCFC utilizando o programa CS 3D Imaging®
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(Carestream Dental, New York, USA). A calibragcdo dos examinadores consistiu da avaliacéo
e discussdo de 10 casos diferentes dos utilizados na pesquisa. Os examinadores foram
autorizados a ajustar o brilho e contraste e também a utilizar as fungbes de zoom
independentemente do protocolo utilizado. Além disso, eles realizaram uma avaliacdo
dindmica do volume, ajustando o exame para o melhor plano que representasse a variavel
estudada. Foram avaliadas as seguintes variaveis:

1- Posicdo do dente (adaptada de Winter, 1926 em vertical, horizontal, mesioangular,
distoangular, outros);

2- NUmero de raizes do terceiro molar inferior (1, 2, 3, mais de 3) avaliada no plano
axial;

3- Direcdo da curvatura das raizes do terceiro molar inferior (em linha reta, para mesial
ou para distal) avaliada no plano sagital;

4- Posigdo das raizes do terceiro molar inferior em relacdo ao canal da mandibula no
sentido vestibulo-lingual (vestibular, lingual ou alinhado), avaliada no plano coronal;

5- Presenca de contato direto do terceiro molar inferior com o canal da mandibula (sim
ou ndo) avaliada no plano coronal;

6 - Distancia em milimetros entre a por¢do mais inferior das raizes do terceiro molar
inferior e a porcdo mais superior do canal da mandibula nos casos de auséncia de contato.
Essa mensuracgéo foi realizada no plano coronal ou coronal corrigido, considerando o longo

eixo do dente. (Figura 3).

Figura 3 - Medida da distancia

entre as raizes do terceiro molar

inferior e o canal da mandibula
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As variaveis (2), (3), (4) e (5) foram adaptadas de Matzen et al. 2013. Para as variaveis
“posi¢do do dente” ¢ niumero de raizes”, era atribuida uma resposta a cada dente. Ja para as
demais variaveis, cada raiz foi avaliada de maneira isolada e recebeu uma resposta.

Apds 30 dias do final da avaliacdo, os examinadores reavaliaram 30% da amostra.

Dosimetria

Um phantom antropomarfico de tecido equivalente foi utilizado para avaliacdo da dose
absorvida nos diferentes protocolos testados. Para isso, foram posicionados 7 conjuntos de 3
dosimetros termoluminescentes - TDL (LiF 100) em regiGes anatdbmicas correspondentes aos
cristalinos direito e esquerdo, as glandulas parotidas direita e esquerda, glandulas
submandibulares direita e esquerda e tiredide (Figura 4). Antes de serem realizadas as
exposi¢des, os TLDs foram calibrados. Um conjunto com 3 dosimetros foi mantido fora da
sala de exames a fim de medir a dose media de radiacdo de fundo a ser posteriormente

subtraida dos valores dosimétricos encontrados.

Figura 4 - Posicionamento dos dosimetros termoluminescentes (LiF 100) no phantom

antropomorfico nas regibes anatémicas: A) cristalinos e glandula tiredide; B) glandulas

parotidas; C) glandulas submandibulares

O phantom foi posicionado da mesma forma descrita para as mandibulas, no mesmo
aparelho e com os mesmos protocolos utilizados na obtencdo dos exames dos terceiros
molares (Figura 5).
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Figura 5. Posicionamento do phantom antropomérfico no

aparelho de TCFC

Para os FOVs menores, foram realizadas duas aquisi¢des, uma para cada lado (direito e
esquerdo), sem alterar o conjunto de TLDs, simulando casos de pacientes com terceiros
molares inferiores bilaterais.

Devido a grande latitude de exposicdo dos TLDs, a relativamente baixa dose de
radiacdo liberada por um unico exame de TCFC e ao posicionamento de dosimetros fora do
campo de exposicdo primario quando pequenos FOVs eram utilizados, foram realizadas duas
exposicdes para cada protocolo a fim de se obter medidas mensuraveis até mesmo para
pequenas doses de radiacao.

A leitura dos dosimetros foi realizada em uma leitora termoluminescente da marca
Harshaw, modelo 2000 (Thermo Fisher Scientific Inc., Waltham, MA, USA). Os valores
encontrados foram subtraidos dos valores das leituras referentes a radiacdo de fundo. Os
valores mensurados foram divididos pelo nimero de exposicdes (2) para expressar a média de
exposicao por exame para cada dosimetro.

Esse procedimento foi realizado duas vezes para se avaliar a reprodutibilidade do

método.

Andlise estatistica

Os dados foram analisados usando o0 SPSS ® v. 22.0 (SPSS Inc., Chicago, IL) com um
nivel de significancia de 5%. As variaveis categoricas foram resumidas através de frequéncias
absolutas e percentuais. Para comparar os resultados das avaliagbes das imagens com o0s

diferentes protocolos utilizados, foram realizados os testes de McNemar e McNemar-Bowker
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para as variaveis categdricas e o teste t de Student para a varidvel paramétrica (distancia entre
a raiz e o canal da mandibula). A hipdtese nula considerou ndo haver diferenca significativa
entre os protocolos. Para analise da concordancia intra-examinador, foi utilizado o teste
Kappa ponderado para as variaveis categoricas (0,40, concordancia pobre; 0,40-0,59,
concordancia moderada; 0,60-0,74, concordancia substancial; 0,75-1,00, concordancia
excelente) e o Coeficiente de Correlacdo Intraclasse (ICC) para a variavel paramétrica. Para
comparar as doses de radiacdo obtidas em cada protocolo, foi utilizada a analise de variancia
(ANOVA multifatorial). A hipdtese nula considerou ndo haver diferenca significante entre as

doses obtidas.
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