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RESUMO

Dentre as diversas aplicacdes, imagens obtidas por meio da Tomografia
Computadorizada de Feixe Conico tém sido utilizadas para avaliacdo de estruturas
anatomicas tridimensionais em Odontologia. O objetivo do presente estudo foi
avaliar a acuracia das ferramentas para analise volumétrica virtual, oriundas de
quatro programas disponiveis no mercado (Dolphin, 3D Slicer, ITK Snap e OsiriX),
ao avaliar as aquisicdes obtidas a partir de diferentes tomografos (I-Cat, Kodak
9500C3D e Orthophos XG 3D), realizadas com variados tamanhos de voxel e
protocolos, por meio da comparagdo dos volumes reais. Foram desenvolvidos
protétipos em acrilico com recortes geomeétricos regulares e irregulares internos
(corpos de prova), que apdés a determinacdo do volume real, por meio de agua
destilada e pipeta eletronica, foram preenchidos com um material que promove
imagem hiperdensa em tomografia para a aquisicdo dos volumes tomograficos. Nao
foram observadas diferencas estatisticas entre as mensuracdes dos volumes dos
corpos de prova (Controle) com as mensuracdes determinadas pelo software ITK-
SNAP e OsiriX, adquiridos por todos os tomografos, com todos os protocolos
testados. Com a utilizagdo do software Dolphin, foram observadas diferencas
significativas entre as mensuragdes dos volumes dos corpos de prova, apresentando
valores superestimados em relacdo ao grupo controle, quando as imagens foram
adquiridas utilizado o tomégrafo de feixe conico I-CAT utilizando dois dos trés
protocolos deste estudo (Andlise de Friedman - p<0,05). Quando foi utilizado o
software 3D Slicer, foi observado diferenca estatistica superestimada em relacao ao
grupo controle apenas nas imagens adquiridas pelo tomégrafo I-Cat utilizando um
dos protocolos testados(p<0,05). Conclui-se que, embora os softwares possuam
precisdo na mensuracdo de estruturas tridimensionais, e que o tamanho do voxel
influencia na precisdo do contorno da estrutura a ser mensurada, gerando valores

superestimados em aparelhos que apresentam voxels de tamanhos maiores.

Palavras-chave: Tomografia computadorizada. Acuracia dimensional. Validacao de
software.



ABSTRACT

The aim of this study was evaluate the accuracy of 4 imaging software programs for
virtual volumetric measures Dolphin, 3D Slicer, ITK Snap e OsiriX), using three
different CBCT scanners (I-Cat, Kodak 9500C3D e Orthophos XG 3D) with different
sizes of voxels and protocols compared to real volume measurements. Acrylic
prototypes internally shaped with regular and irregular geometry (test specimen)
were developed and filled with destilled water, in order to calculated the real volume,
using a precision scale (Marte). To perform CBCT images, the test specimen were
filled wih a hyperdense material. CBCT images were acquired using three different
scanners and different voxels sizes. No statiscally significant differences were
observed between real volume measurements (Control) and measurements obtained
from ITK-SNAP and OsiriX software with tested protocols. However, Dolphin software
presented statiscally significant differences at two protocols of I-CAT scanner (0.4
mm Voxel size with FOV 400 x 375 x 328 0.3 mm voxel size with FOV 536 x 536 x
440), showing overestimated values compared to control group in both protocols
(Friedman Analysis — p<0,05). 3D Slicer presented statiscally significant difference,
but only at a single protocol of I-Cat scanner (0.4 mm voxel size with FOV 400 x 375
x 328), also showing overestimated values compared to control measurements
(Friedman Analysis — p<0,05). We concluded from this results a satisfactory accuracy
at volume measurement and voxel size shows significative influency during the
measurement of structure contour and the experimental validation method was

effective.

Keywords: Computed tomography. Dimensional accuracy. Software validation.
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1 INTRODUCAO

A tomografia computadorizada de feixe cbénico (TCFC) € um exame por
imagem que realiza uma aquisicdo volumeétrica primaria das estruturas craniofaciais
e, a partir desta, promove uma reconstrucdo multiplanar, permitindo a avaliagao
tridimensional da anatomia individual de cada paciente (WHITE, 2000; GARIB et al.
2007; JAJU; JAJU, 2014). A TCFC é método de reproducéo de imagens seccionais
que, em comparacdo com a tomografia computadorizada multislice (TCMS), utiliza
menor miliamperagem, e consequentemente menor dose de radiagdo X ao paciente
(WHITE; PHAROAH, 2000; VOS; CASSELMAN; SWENNEN, 2009; JAJU; JAJU,
2014).

O advento dessa tecnologia transformou-se em uma ferramenta diagndstica
acurada que pode ser utilizada nas mais diversas aplicacdes clinicas (GANZ, 2011),
principalmente em casos onde a informagdo tridimensional é valiosa para a
determinacdo do plano de tratamento, oferecendo informacfes sobre regides em
gue ha sobreposicbes de areas de interesse, como ocorre na Endodontia; na
localizacdo de dentes inclusos e na colocacdo de implantes (HAITER NETO;
KURITA; CAMPOS, 2014; RUELLAS et al., 2014). A partir das imagens obtidas, é
possivel realizar uma avaliacdo sobre a morfologia alveolar e para localizar
estruturas nobres a fim de preserva-las durante manipulacéo cirdrgica.

Na regido posterior de maxila, o seio maxilar é uma estrutura cujas
delimitagBes espaciais influenciam na manipulacdo da area. Diversos estudos
mostraram que o estudo pré-operatorio do volume do seio maxilar é importante ao
decidir qual tipo e quantidade de enxerto 6sseo devera ser utilizado. As medidas
obtidas também ajudam na escolha da abordagem cirlrgica, do tratamento pré-
operatério e estabelecimento de custos para o paciente e para o profissional
(UCHIDA et al., 1998; ARIAS-IRIMIA et al., 2012; BATISTA; ROSARIO JUNIOR;
WICHNIESKI, 2011; McGOWAN; BAXTER; JAMES, 2012; KLIJN et al., 2012). A
interface entre dentes e seio maxilar implica em consideragbes importantes na
pratica odontologica. Park et al. (2010) afirmam que a relacdo das raizes de dentes
posteriores com o0 seio maxilar pode gerar limitagcbes durante a movimentacao
ortoddntica. Buric, Jovanovic e Tijanic (2012) afirmaram que apesar da imagem
tridimensional obtida por meio da tomografia computadorizada por feixe cénico é

extremamente importante para o cirurgido dentista, principalmente no que se refere
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nas medidas lineares, ressalta a limitacdo deste exame, como a ndo comprovacao
da fidelidade volumétrica.

Na Implantodontia, a cirurgia de levantamento de seio maxilar € necessaria
devido a reabsorcdo d6ssea que ocorre apds a extracdo dentaria e/ou extenséo
alveolar dos seios maxilares (KAHNBERG; WALLSTROM; RASMUSSON, 2011;
KLIIN et al., 2012). A importancia do calculo do volume de enxerto a ser colocado
esta relacionada ndo so a selecéao do local de doacédo de 0sso, no caso do enxerto
autégeno, mas também porque estudos demonstraram que 0S insucessos estédo
relacionados ao tipo de o0sso utilizado e que a quantidade de osso utilizada também
pode ser insuficiente, por isso a importancia de precisar a quantidade necesséria de
enxerto a ser utilizada, visando minimizar a duracdo do procedimento cirdrgico e
suas possiveis complicacdes (COSSO, 2014; FAVATO, 2015).

A mensuracdo linear em tomografias de feixe conico tem sido bastante
discutida na literatura devido a sua importancia nas diversas especialidades da
Odontologia e diversos estudos (TSUTSUMI et al., 2011; FERNANDES et al., 2015;
KOSALAGOOD et al.,, 2015; PENA DE ANDRADE et al., 2016) envolvendo
diferentes aparelhos e tamanho do voxel, ratificaram a acuracia das medidas
obtidas, no entanto, estudos envolvendo a acuracia de medidas volumétricas a partir
dos exames por imagem sao escassos.

Krennmair et al. (2006) utilizaram um método manual, através de formulas
matematicas, para mensurar a altura do levantamento de seio maxilar, utilizando
duas medidas distintas e concluiu que um planejamento adequado do caso possui
fundamental importdncia na decisdo sobre a abordagem cirdrgica e custos do
tratamento. No entanto, ressalta que a irregularidade do contorno do seio maxilar
dificulta a mensuracdo manual.

A mensuragdo de estruturas em exames DICOM podem ser realizadas
utilizando métodos manuais, automaticas ou semi-automaticas, sendo o metodo
manual mais trabalhoso e necessita de uma qualificagdo maior do operador, devido
a necessidade de conhecimento especifico sobre a anatomia da regidao de interesse.
Os métodos semi-automaticos sdo os mais utilizados e sdo viabilizados por meio de
softwares dedicados a trabalharem com exames DICOM. Dentre os trabalhos que
desenvolveram pesquisas para avaliagao tridimensional das estruturas (Kirmeier et
al. (2011), Deeb et al. (2011), Hamdy e Abdel-Wahed (2013), nenhum deles
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desenvolveu uma metodologia que comparasse 0 volume real com o volume obtido

por meio das ferramentas desses softwares.
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2 OBJETIVOS

Avaliar quatro programas disponiveis (ITK-SNAP, Dolphin3D, 3D Slicer
software e OsiriX Imaging Software 3.9.4), para mensuracdo de volume obtidos por
trés tomografos (I-Cat; Kodak 9000C e Orthophos XG 3D), com diferentes

protocolos.
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3 MATERIAL E METODOS

3.1 Amostras

Foram confeccionados 12 protétipos cubicos em acrilico, possuindo 10 cms3,
recortados internamente com trés formas geométricas regulares e irregulares
distintas (corpos de prova): cubica, esférica e eliptica, com duas profundidades
distintas (raso e profundo) (Fig. 1). Para comprovacdo dos volumes reais da regido
interna, cada corpo de prova foi preenchido com 4gua destilada cuja densidade é de
1lg/cm3 a 25°C, utilizando uma balanga com precisdao de 0,01g (BALANCA DE
PRECISAO MARTE AD1000 1010G). Estes volumes foram convertidos diretamente
para milimetros cubicos a fim de igualar a unidade de medida utilizada pelos
softwares usados no presente estudo. Apos a determinacdo dos volumes reais,
estes corpos de prova foram preenchidos com Cimento de Zinco Pé SS White (SS
White Burs Inc.) para proporcionar imagens tomograficas hiperdensas, uma vez que

este material possui coeficiente de densidade elevado.

Figura 1: Corpos de prova. Note as 3 formas geométricas (cubica, esférica e

eliptica) e 2 profundidades (raso e profundo) distintas

Fonte: Elaborado pela autora

3.2 Aquisicéo das imagens

As imagens tomogréaficas individuais foram adquiridas em 3 tipos de
tomografos disponiveis no mercado, I-Cat (I-Cat Imaging Sciences, Hatfield, PA,
USA); Kodak 9500C (Eastman Kodak, Rochester, NY, EUA) e Orthophos XG 3D
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(Sirona, Bensheim, Germany), utilizando diferentes tamanhos de voxel, conforme
especificado na tabela abaixo.

Tabela 1. Medidas dos tamanhos do voxel e FOV de cada aparelho

APARELHO TAMANHO DO VOXEL TAMANHO DO FOV

Orthophos XG3D 0,16 X0,16 X 0,16mm 512 X512 X512mm

[-Cat 0,4X0,4X0,4mm 400 X375 X 328mm
0,3 X0,3 X0,3mm 536 X 536 X 440mm
0,25X 0,25 X 0,25mm 640 X 640 X 528mm

KODAK 9500C 0,2X0,2X0,2mm 755 X 755 X 449mm
0,3X0,3X0,3mm 665 X 665 X 604mm

Fonte: Elaborado pela autora

3.3 Andlise das imagens

As imagens obtidas foram trabalhadas em quatro programas distintos com
ferramentas para andlise de volume virtual ITK-SNAP (open source, version 3.6.0-
RC1; http://www.itksnap.org), e Dolphin3D (Dolphin Imaging & Management
Solutions, Chatsworth, Calif, EUA), 3D Slicer software (open-source, version 4.3.1;
http://www.slicer.org) e OsiriX Imaging Software 3.9.4 (The OsiriX Foundation,
Geneva, Switzerland) por 1 especialista em Radiologia Odontoldgica e Imaginologia
e 1 especialista em Cirurgia e Traumatologia Buco-maxilo-facial com experiéncia na
utilizacdo desses recursos e que foram treinados e calibrados. As imagens obtidas
em formato DICOM foram diretamente interpretadas em cada software, sendo
permitido o uso de todos os recursos disponiveis. Foi utilizado computador com
placa grafica GeForce 9500 GT® (Nvidia Corporation) e monitor LED LG Flatron
E2241® (LG Electronics), com resolucdo de 1920x1080 pixels e os niveis de brilho e
contraste do monitor fixados em sua configuracdo pré-estabelecida. As medidas de
volume obtidas foram transferidas para uma tabela e entdo realizou-se uma anéalise

comparativa do volume real com o volume obtido.
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3.3.1 ITK-SNAP

Para a utilizacdo do software ITK-SNAP, que oferece uma ferramenta de
segmentacdo automatica utilizando renderizacdo volumétrica, foi realizada a
segmentacdo da area de interesse e ajuste do contraste para poder realizar ajuste
da faixa de threshold, pois a regido a ser mensurada foi preenchida com material
hiperdenso, que foi fixada entre +746 e +3440 em todas as aquisicdes, para excluir
as regibes com pixels que apresentem menor intensidade, selecionando apenas as
regibes que apresentam threshold elevado para adequada renderizacdo. Apdés
realizacdo da segmentacdo, o programa calcula automaticamente o volume da

regiao (Fig. 2).

Figura 2: Captura de tela da segmentacao realizada no software 3D Slicer

a 25000528 00m - New Segmentation - ME-SNAS BS) |

)i
Pnos

OIS
Fonte: Elaborado pela autora

3.3.2 Dolphin

Este programa oferece uma opcdo de segmentacdo semi-automatica, uma
vez que o operador seleciona a area de interesse, seleciona a opcdo de
renderizacdo pela identificacdo de equivaléncia de voxels e ajusta a faixa de para
identificacdo da regido a ser calculada. Por se tratar do calculo volumétrico de uma
regido hiperdensa, o ajuste do threshold selecionado foi de valores positivos, entre
+344 e +1400, variando entre as aquisicdes dos diferentes tomaografos, visando

selecionar toda a area hiperdensa (Fig. 3).



26

Figura 3: Captura de tela da segmentacéo realizada no software Dolphin
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Fonte: Elaborado pela autora

3.3.3 3D Slicer

Para selecdo do volume a ser calculado, utiliza-se uma ferramenta para a
criacdo de um modelo 3D, baseado em renderizacdo volumétrica. Os valores de
identificacdo (fill value) s&o ajustados em +1000, em todas as aquisicOes, para
selecionar a regido hiperdensa e, por meio de pontos fiduciais nos cortes axiais,
coronais e sagitais, ha a formacdo do modelo 3D e posterior obtencédo dos valores

(Fig. 4).

Figura 4: Captura de tela da segmentacéo realizada no software 3D Slicer

Fonte: Elaborado pela autora
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3.3.4 Osirix

Este software trabalha com a identificacdo da regido de interesse (ROl —
Region of Interest), baseado na identificacdo dos limites da estrutura a ser
mensurada por meio da equivaléncia dos voxels, para posterior renderizacao
volumétrica. Para a obtencdo da ROI, ajustou-se os valores de threshold entre

+1000 e +8000, segmentando a regido e fornecendo o volume da estrutura (Fig. 5).

Figura 5: Captura de tela da segmentacgéo realizada no software OsiriX
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Fonte: Elaborado pela autora
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4 ARTIGO

Validacdo da mensuracdo volumétrica de tomografias computadorizadas de

feixe conico utilizando diferentes softwares para leitura de imagens Dicom.

Artigo serdq submetido a Dentomaxillofacial Radiology (Qualis Al), cujas
normas para submissdo de artigos podem ser visualizadas no endereco eletrdnico:

http://www.birpublications.org/page/ifa/bjr.
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ABSTRACT

Purpose: The aim of this study was evaluate the accuracy of 4 imaging software programs for
virtual volumetric measures Dolphin, 3D Slicer, ITK Snap e OsiriX), using three different
CBCT scanners (I-Cat, Kodak 9500C3D e Orthophos XG 3D) with different sizes of voxels
and protocols compared to real volume measurements.

Materials and methods: Acrylic prototypes internally shaped with regular and irregular
geometry (test specimen) were developed and filled with destilled water, in order to
calculated the real volume, using a precision scale (Marte). To perform CBCT images, the test
specimen were filled wih a hyperdense material. CBCT images were acquired using three
different scanners and different voxels sizes.

Results: No statiscally significant differences were observed between real volume
measurements (Control) and measurements obtained from ITK-SNAP and OsiriX software
with tested protocols. However, Dolphin software presented statiscally significant differences
at two protocols of I-CAT scanner (0.4 mm Voxel size with FOV 400 x 375 x 328 0.3 mm
voxel size with FOV 536 x 536 x 440), showing overestimated values compared to control
group in both protocols (Friedman Analysis — p<0,05). 3D Slicer presented statiscally
significant difference, but only at a single protocol of I-Cat scanner (0.4 mm voxel size with
FOV 400 x 375 x 328), also showing overestimated values compared to control measurements
(Friedman Analysis — p<0,05).

Conclusion: We concluded from this results a satisfactory accuracy at volume measurement
and voxel size shows significative influency during the measurement of structure contour and

the experimental validation method was effective.

Keywords: Computed tomography. Dimensional accuracy. Software validation.
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Introduction

Cone Beam Computed image results from primary volumetric aquisition of
craniofacial structures and provides multiplanar reconstruction, allowing tridimensional
evaluation of individual anatomy of each pacient. Compared to multislice computed
tomography (MSCT), uses lower milliamperage, resulting in lower absorved radiation dose.'™

The development of this imaging exam modality became into a powerful diagnosis
tool with several clinical applications, mostly in situations which require three-dimensional
information in order to determinate the best treatment, proffering special data as
superimposition of structures. ®’ CBCT images allow investigation about alveolar bone and
localization of important anatomical structures in order to preserve them during surgical
procedures. Three-dimensional aquisition provides by CBCT is deeply important to the
surgeon, however, this resource presents limitations as lack of volumetric accuracy. ®

Linear measurements have been under discussion in the literature due to its
contribution in dentistry pratice. Many studies using differents equipments and voxel sizes
confirmed measurement accuracy, however, there are few studies which ratify volumetric
measurement accuracy.’

Currently, various softwares works with DICOM standard offering linear, angular and
volumetric measurement of region of interest. Those softwares perform region of interest’s
segmentation allowing landmarks’ identification in medical images. Image segmentation have
three general methods, termed manual, semi-automatic and automatic. Manual segmentation
consists in a process whereby landmarks are manually located in the imaging file, creating
patterns in order to enable software recognition; however, requires a highly specialized
professional and time. Moreover, presents many protocols of segmentation for same regions®
“and some anatomical structures have irregular shapes as maxillary sinus thereby causing
difficults to calculate the total volume. Semi-automated method uses automatic algorithms
associated to pre- and post-manual processing. *? Automatic method uses techniques
deformable geometric model based and probabilistic and topological anatomical atlas which
allows to use of the anatomical information inherently contained throughout the meshs during
segmentation process.*?

Previous studies have attempted volumetric analysis using DICOM format file
obtained from others imaging devices and differents softwares'**® however, no study have
performed an evaluation method to compare the values provided by specific softwares to real

measurements and its correlation to voxel sizes. This article represents a validation study to
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virtual volumetric analysis technique using three types of CBCT scanners performing
aquisitions of different volumes analysed by four differents softwares.

Material and methods

Samples

Twelve acrylic prototypes with total volume of 10 cm? internally shaped with regular
and irregular geometry (test specimen): cubic, spherical and elliptical divided in two distinct
heights (Fig.1). Additionally, the acrylic prototype’s volume was confirmed by using the
water weight equivalent. The acrylic prototypes was filled with distilled water (density =
1g/cm3), at 20°C, and the water weight was determined by using precision scale (model
AD1000 1010G; Marte, Sdo Paulo, Sdo Paulo, Brazil). Those measures were directly
converted to milimeters cubed in order to establish the same measurement units as those used
by the softwares in the present study. After collecting data from real volumes, those test
specimen were filled with zinc cement (Zinc Cement SS White Burs Inc.) which provides

hyperdenses CT images since this material presents high-density coefficient.

Figure 1 Test specimen. Note three geometric shapes (cubic, spherical and elliptical) and two distinct
heights.

Images acquisitions

CBCT images were acquired from three types of scanners: 1-Cat Next Generation (I-
Cat Imaging Sciences, Hatfield, PA, USA); Kodak 9500C (Eastman Kodak, Rochester, NY,
EUA) and Orthophos XG 3D (Sirona, Bensheim, Germany), using differents voxel sizes and
field of view (FOV) as specified at Table 1.
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Table 1: Scanners voxel sizes and FOV.

SCANNER VOXEL FOV

Orthophos XG 3D 0,16 X 0,16 X 512X 512X
0,16mm 512mm

I-Cat Next 1-0,4X 04X 400 X375 X 328mm

Generation 0,4mm 536 X 536 X
2-0,3X0,3X 440mm
0,3mm 640 X 640 X
3-0,25 X 0,25 X 528mm
0,25mm

KODAK 9500C 1-0,2X0,2X 755 X 755 X
0,2mm 449mm
2-0,3X0,3X 665 X 665 X
0,3mm 604mm

Images analysis

Four imaging software programs (Figure 2) with volumetric analysis tools were used
to segment and compute volumes from the CBCT images: ITK-SNAP (open source, version
3.6.0-RC1; http://www.itksnap.org), e Dolphin 3D (Dolphin Imaging & Management
Solutions, Chatsworth, Calif, EUA), 3D Slicer software (open-source, version 4.3.1;
http://www slicer.org) e OsiriX Imaging Software 3.9.4 (The OsiriX Foundation, Geneva,
Switzerland). Two trained and calibred examiners, both experienced with this resources.
DICOM images were performed according to each software manufacturer's avaiabilities. The

specifications of each software program are shown in Table 2.

Table 2 Caracterizagédo dos softwares utilizados

ITK-SNAP DOLPHIN 3D SLICER OSIRIX

SEGMENTATION

Semiautomatic

Semiautomatic

Semiautomatic

Semiautomatic

METHOD
THRESHOLD | Fixed (+746 e | Ajustable Fixed (+1000) Fixed (+1000 e
VALUES +3440) +8000)
TYPE OF Voxel based Voxel based Region-based Voxel based
SELECTION segmentation and

fiducial landmarks
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Figure 2: Screenshots of sofwares ITK- SNAP; Dolphin Imaging; 3D SLICER and OsiriX.

Statistical analysis

Statistical analysis was based on non parametric Friedman test. All measurements
were made again 2 weeks later The intra- and inter-examiner reliability was evaluated by
intraclass correlation coefficient. The level of significance of the tests was set at 5%. O teste
foi realizado usando o programa GraphPad Prism 5.00 (GraphPad Software). The statistical
analysis was performed with programa GraphPad Prism 5 Software (version 5.0 GraphPad

Software). Values were imported into an Excel spreadsheet (Microsoft,Redmond, Wash).

Results

Intra- and inter-examiner reliability was performed by intraclass correlation
coefficient, showing r = 0.92 and r = 0,86 (p<0,0001), respectively. The results exhibited
excellent correlation between measurements.

No statiscally significant differences were observed between real volume
measurements (Control) and measurements obtained from ITK-SNAP and OsiriX software
with tested protocols. However, Dolphin software presented statiscally significant differences
at two protocols of I-CAT scanner (0.4 mm Voxel size with FOV 400 x 375 x 328 0.3 mm
voxel size with FOV 536 x 536 x 440), showing overestimated values compared to control

group in both protocols (Friedman Analysis — p<0,05). 3D Slicer presented statiscally



significant difference, but only at a single protocol of I-Cat scanner (0.4 mm voxel size with
FOV 400 x 375 x 328), also showing overestimated values compared to control measurements

(Friedman Analysis — p<0,05). Data are summarized in Table 3.

Tabela 3: Median, minimum and maximum values, mean and e standard deviation (SD) of

test specimen’s volumes performed by softwares.

Median 2965 29245 2907,5 28745 2848 2868 2936,5
Minimum 630 610 660 648 660 646 608
Maximum 15585 15970 14970 16210 15420 15400 14890
Mean 4649,2 4701,4 4659,1 47442 4602,7 4606,6 4482,2
SD 438,8 448,4 431,2 4544 433,1 433,2 420,7

Median 2965 2997 3144 3079,5 3345,5* 3170,5* 4148,5
Minimum 630 676 839 705 843 899 890
Maximum 15585 17741 15209 15995 17210 16916 15495
Mean 4649,2 4923,9 4896,9 4965,1 5087,2 5107,6 4909,4
SD 438,8 488,3 433,2 4444 470,5 472,8 450,5

Median 2965 3047,5 2950,5 2762 4377,5* 2975 2982
Minimum 630 648 680 660 675 668 657
Maximum 15585 15890 14132 15486 16872 16168 15944
Mean 4649,2 4862 4572,8 4554,4 5854,5 4994,9 4850,9
SD 438,8 451,9 409,8 439,5 488,2 472,5 457,9

Median 2965 2890,2 2903,2 2913,5 2958,7 2959,8 2803,95
Minimum 630 639,9 658,5 653,8 688,2 679,2 626,8
Maximum 15585 14919,3 15809,5 157721 15597,4 16792,6 15928,7
Mean 4649,2 4786,8 4800,6 4775,3 4802,2 4909,1 4703,8
SD 438,8 437,7 454,6 452,1 475,7 475,5 456,1

Median values underlined and sinalized with asterisk * differs from real volumes (control) according to

Friedman’s test (p<0,05).
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Discussion

Effectiveness of measuments presents extremely useful for sinus lift procedure®’,
airway analysis®®, surgical pathology and several studies have been performed aiming
volumetric measurement reliability of craniofacial complex. 1

Several softwares may be used to manipulate imaging exams in order to assess an
improved diagnosis. Literature shows many studies with multiples structures of human
body™**®, however, no one presents a solid method of measurement accuracy. Fewer studies
refers to CBCT modality since is a device with restricted applications to craniofacial region.
The present study aimed, through an experimental method, validate volumetric measures
provided by medical imaging softwares and assess the influence of image’s voxel size in the
calculation of volume. Until the present moment, there are no studies oriented to validation of
softwares comparing obtained values to real measures.

An hyperdense material was elected because imaging contrast properties, making
easier the contrast regulation whereas acrylic prototypes have well-shaped geometric forms,
allowing to assign differences between voxel densities in contiguous regions. If a material
with closer density to test specimen had been chosen, the differenciation among voxel
densities it would have been harder to highlight.

Four imaging software programs were used to segment and compute volumes from the
CBCT images, ITK-SNAP, Dolphin, 3D Slicer and OsiriX and all of them make use of
semiautomatic segmentation as virtual volumetric analysis.

The present study has found no statistically significant differences were observed
between real volume measurements (Control) and measurements obtained from ITK-SNAP
and OsiriX software with tested protocol. Both softwares works with fixed thresholding,
which minimizes human error risks and perform similar volume results.*® Dolphin software
presented statiscally significant differences at two protocols of I-CAT scanner (0.4 mm Voxel
size with FOV 400 x 375 x 328 0.3 mm voxel size with FOV 536 x 536 x 440), showing
overestimated values compared to control group in both protocols (Friedman Analysis —
p<0,05). The imaging segmentation in this software uses ajustable threshold to perform
imaging segmentation and the threshold interval is determined by visual criterias of operator
which decides the proper limits of the region of interest.'® Alves Jr et al tested different
threshold values to obtain airway volume and concluded that similar threshold values don’t
interfere in accuracy of measurements. Statistical difference can be justified due to larger size

of voxels (0,4 mm and 0,3 mm) since they are capable to cover contiguous structures with
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differents densities causing complications during region countouring,which decrease the
precision of the limits and causes a larger selection of the area in order to include all voxels
with hyperdense values.?® 3D Slicer presented statiscally significant difference, but only at a
single protocol of I-Cat scanner (0.4 mm voxel size with FOV 400 x 375 x 328), also showing
overestimated values compared to control measurements (Friedman Analysis — p<0,05). The
segmentation tool selected at 3D Slicer was region-based segmentation which is a technique
for determining the region directly by using fiducial landmarks based on greyscale range and
fixed threshold value for the region membership criterion.19The fiducial landmarks are
manually selected by the operator which gives more control to include some hyperdense
areas, but also may cause interferences on segmentation boundaries in cases whreas the voxel
size is larger and agroup distinct shades of grey, causing overestimating volume rates.
Furthermore, although the tests results presented statistically differences in some
measures, the softwares showed excellent correlation between real volumes and virtual
volumes. ITK-SNAP and OsiriX are both free-source software and are easy handling; Dolphin
also have an accessible operability, however, its higher costs limits its propagation. 3D Slicer
advantage is offering an open-source plataform, but requires dedication to its tools and

functioning.

Conclusion

The softwares presented satisfactory precision on three-dimensional measures,
stablishing as an remarkable resource to medical field, specially Dental Pratice. This studies
concluded that voxel size is a restriction factor to volume measuremets, mostly when applied
to regions which presents lower constrast among contiguous structures, causing overestimated

values when using a protocol with larger voxel sizes.
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5 CONSIDERACOES FINAIS

A utilizacdo de ferramentas virtuais que auxiliam o diagnéstico e o
planejamento do tratamento € uma realidade cada vez mais presente no dia-a-dia
clinico. Verificou-se que softwares utilizados possuem precisdo bastante satisfatoria
na mensuragao de estruturas tridimensionais, mostrando-se como um excelente
recurso a ser utilizado na Odontologia pelas mais diversas especialidades.

O método utilizado nesse estudo apresentou-se eficiente e pratico para
avaliacdo dos programas, mostrando ser passivel de reproducéo e pode ser aplicado
em quaisquer modalidades de exames por imagem que utilize uma ferramenta que
trabalhe com o formato DICOM.

O estudo concluiu, ainda, que o tamanho do voxel € um fator limitante no
calculo do volume da estrutura a ser analisada e influencia na precisdo do contorno
da estrutura a ser mensurada, principalmente se a regido apresentar um baixo
contraste entre estruturas contiguas, gerando valores superestimados em aparelhos

gue apresentam voxels de tamanhos maiores.
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