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RESUMO

Este estudo avaliou os valores de dose na superficie de entrada na pele, dose
equivalente, dose efetiva, assim como o risco radioinduzido de cancer e alteracbes
morfofuncionais, calculados de acordo com o BEIR VII (2006) nos 6rgaos e tecidos
radiossensiveis. A avaliagdo total da articulacdo temporomandibular (ATM) foi
realizada por meio da tomografia computadorizada de feixe cbnico (TCFC) no
tomografo Kodak 9000C 3D®, utilizando o protocolo de 4 aquisicdes tomogréficas,
sendo uma com o paciente de boca aberta e outra de boca fechada, de ambos os
lados. Dosimetros termoluminescentes de Lif (TL-100H) foram posicionados em um
simulador antropomorfico Alderson RANDO® do modelo feminino, em locais
correspondentes: cérebro, cortical dssea, cristalino, glandulas salivares, mucosa
oral, linfonodos cervicais, tireoide, esodfago, regido extratoracica, medula Ossea,
pulmdes, mamas, figado, estomago, colon, ovarios, Utero e bexiga. Os dosimetros
foram analisados pela leitora Harshaw 5500 Thermo Eléctron® conectada a um
computador com o software Win-REMS®. De acordo com os célculos baseados no
BEIR VII, os 6rgdos que apresentaram maiores riscos radioinduzido de cancer e
alteracdo morfuncional sdo as glandulas salivares, cristalino e cérebro. As regides
das glandulas paroétidas, cristalino e cérebro, obtiveram os maiores valores de dose
equivalente durante o exame TCFC para avaliacdo da ATM, sendo 12,475mSv nas
glandulas parétidas; 1,086mSv no cristalino; 0,753mSv no cérebro; As menores
doses foram para as regides abaixo da medula Ossea (0sso esterno)
anatomicamente com valor de <0,007mSv. O valor da dose efetiva foi de
0,4709mSv. Os dados obtidos no presente estudo sugerem novas pesquisas para
obtencdo dos valores de dose em diferentes tomoégrafos e medidas de protecéo,
além de estudos para a otimizacéo da dose de radiacdo no exame de TCFC, com o
intuito de reduzir ao minimo possivel a exposicao a radiacdo durante o exame assim

como a radiacéo secundaria e a perda da qualidade de imagem.

Palavras-chave: Tomografia computadorizada de feixe coénico. Dosimetria.

Articulagdo Temporomandibular. Dosimetria termoluminescente.



ABSTRACT

This study evaluated the values of entrance surface dose, equivalent dose, effective
dose, as well as the risk of cancer and morphofunctional changes, calculated
according to BEIR VII (2006) In radiosensitive organs and tissues. The total
temporomandibular joint (TMJ) evaluation was performed using a conical beam
computed tomography (CBCT) on the Kodak 9000C 3D® tomograph, using the
protocol of 4 tomographic acquisitions, one with open mouth and one with closed
mouth, on both sides. (TL-100H) were placed in an Alderson RANDO®
anthropomorphic simulator of the female model, in corresponding places: brain,
cortical bone, lens, salivary glands, oral mucosa, cervical lymph nodes, thyroid,
esophagus, extrathoracic region, medulla Bone, lungs, breasts, liver, stomach, colon,
ovaries, uterus and bladder. The dosimeters were analyzed by the Harshaw 5500
Thermo Electron® reader connected to a computer with Win-REMS® software.
According to the calculations based on the BEIR VII, the organs that presented the
greatest risk of cancer induced and morfunctional changes are the salivary glands,
lens and brain. The regions of the parotid glands, lens and brain, obtained the
highest equivalent dose values during the CBCT examination for TMJ evaluation,
with 12,475mSv in the parotid glands; 1,086mSyv in the lens; 0,753mSv in the brain;
The lowest doses were for the regions below the bone marrow (sternal bone)
anatomically with value of <0,007mSv. The effective dose value was 0,4709mSv.
The data obtained in the present study suggest new research to obtain the dose
values in different tomographs and protective measures, as well as studies for the
optimization of the radiation dose in the CBCT examination, in order to minimize the
exposure to radiation during the examination as well as secondary radiation and loss

of image quality.

Keywords: Cone beam computed tomography. Dosimetry. Temporo-mandibular joint.

Thermoluminescent dosimetry.
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1 INTRODUCAO

A articulacdo temporomandibular (ATM), é do tipo sinovial mével composta,
sendo classificada como a articulagdo mais complexa do corpo humano. Suas
funcbes mais importantes sdo a mastigacdo e a fonagédo, sua avaliacdo possui
grande interesse na area da odontologia (ALOMAR et al., 2007). A ATM pode ser
acometida pelas mesmas condicfes patologias e desordens que afetam as demais
articulagbes do organismo, merecendo uma atencdo especial dos profissionais
dessa area e realizacbes de exames por imagem para avaliacdes (RAMOS et al.,
2004).

O método radiografico convencional, utilizado para a avaliacdo das alteracfes
Osseas da ATM ¢é a radiografia transcraniana. Porém, este representa uma projecéo
bidimensional (2D) de estruturas tridimensionais (3D), sendo necessario, muitas
vezes, obter mais de uma aquisicao radiografica, em outro plano, para melhor
avaliacdo da regido, devido as sobreposicoes de imagens da regido. Com a
introducdo da tomografia computadorizada (TC), os componentes 0sseos da ATM
podem ser visualizados tridimensionalmente, quase totalmente livres de
sobreposicdes. Sendo assim, atualmente este € o exame por imagem padrdo-ouro
para avaliacdo 6ssea da ATM, assim como a ressonancia magnética (RM) é para os
componentes moles desta articulacdo (ZHANG et al., 2013; KUMAR et al., 2015).

A tomografia computadorizada de feixe conico (TCFC) foi desenvolvida na
década de 90 dedicada para regido dentomaxilofacial e apresenta imagens
tridimensionais do tecido duro com maior resolucéo espacial, quase totalmente livres
de sobreposi¢cdes, assim como, menor dose de radiacdo ao paciente e facil acesso
da populacdo quando comparado com a tomografia computadorizada multislice
(TCMS) (SCARF; FARMAN; SUKOVIC, 2006; GARIB et al., 2007; ZHANG et al.,
2013). E um exame por imagem radiografica, cujo aparelho emite um feixe de raios
X em forma de cone, centralizado em um detector da imagem. O conjunto fonte-
detector realiza uma rotacao, parcial ou de 360°, em torno do paciente, que deve
estar estatico, obtendo uma aquisicdo volumétrica das estruturas &sseas
(FELDKAMP; DAVIS; KRESS, 1984; SCARFE; FARMAN, 2008). Esta técnica de
imagem tem se tornado cada vez mais frequente no mercado odontolégico, com
tecnologias cada vez mais avancadas (VOS; CASSELMAN; SWENNEN, 2009;
ZHANG et al., 2013).
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A TCFC apresenta novos desafios no conhecimento das doses de radiagéo e
protecdo radiolégica devido ao risco radioinduzido de céncer e alteragbes
morfofuncionais aos 6rgdos e tecidos em pessoas expostas a radiacao
(INTERNATIONAL COMMISSION THE RADIOLOGICAL PROTECTION, 1991;
NATIONAL RESEARCH COUNCIL, 2006; INTERNATIONAL COMMISSION THE
RADIOLOGICAL PROTECTION, 2007; EUROPEAN COMMISSION, 2012). Os
principios de protecao radiologica, a justificacdo, a otimizacdo e a limitacdo de
doses, devem ser aplicados as praticas que envolvem a TCFC, observando-se que o
seu uso se estende a area de clinicas odontoldgicas, otorrinolaringologicas e
ortopédicas policlinicas que no passado ndo eram tipicamente associadas a TC
(EUROPEAN COMMISSION, 2012).

O risco radioinduzido de cancer em TCFC, em exames craniofaciais, pode ser
estimado por meio da avaliacdo da dose equivalente (mSv), dose efetiva (mSv) em
orgdos radiossensiveis calculadas por meio de modelos computacionais e de
dosimetros termoluminescentes posicionados em simuladores antropomaorficos nas
regides dos 6rgdos radiossensiveis, como nos estudos dosimétricos realizados por
Ludlow et al. (2006), Ludlow e Ivanovic (2008), Chau e Fung (2009), Zendbio et al.
(2012), Pauwels et al. (2012) e Morant (2013), Soares et al. (2015).

Ao realizar exames de imagem para diagnéstico, é essencial que o beneficio
para o paciente seja maior que o risco de exposi¢cao a radiacdo ionizante, que deve
ter dose a mais baixa possivel, porém sem perder a qualidade e nitidez da imagem.
Desta forma, no presente estudo foram avaliadas as doses de radiacdo em exames
TCFC para ATM, analisando a influéncia de risco radioinduzido nos 6érgdos com

maior susceptibilidade a alteracbes morfoldgicas.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar e calcular os valores de dose absorvida e dose na superficie de
entrada, em exames de tomografia computadorizada feixe coOnico realizados no
tomografo Kodak 9000C 3D para avaliacdo da ATM utlizando o fantoma
antropomorfico Alderson-RANDO, modelo feminino e detectores termoluminescentes
(TL-100H).

2.2 Objetivos especificos

a) medicdo da dose na superficie de entrada (ESD) da regido do cristalino,
glandulas salivares, mucosa oral, linfonodos cervicais, tireoide e regido
extratoracica, mamas, figado, estomago, colon e bexiga;

b) medicdo da dose absorvida (D) na regido do cérebro, medula dssea,
cortical Ossea, cristalino, glandulas salivares, mucosa oral, linfonodos
cervicais, tireoide, es6fago, regiao extratoracica, pulmdes, mamas, figado,
estbmago, colon, ovarios, Utero e bexiga;

c) avaliacdo e comparacdo dos valores de dose na superficie de entrada
(ESD) e dose absorvida (D) nos pontos anatémicos avaliados;

d) calculo da dose equivalente e dose efetiva de acordo com a ICRP 103
(2007), e risco radioinduzido de cancer e alteragdes morfofuncionais nos

pontos anatdmicos avaliados segundo os relatos do BEIR VII (2006).
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3 MATERAL E METODOS

O estudo realizado foi quantitativo analitico laboratorial experimental,
utilizando a infraestrutura e apoio: dos laboratdrios do Centro de Desenvolvimento
de Tecnologia Nuclear (CDTN/CNEN):

a) Laboratérios de calibracéo: Irradiadores gama e raios X;
b) Laboratdrio de dosimetria termoluminescente:
v' detectores termoluminescentes 100H tipo pastilha, forno automatico,

leitora termoluminescente.

Do Servico de Imagem e Diagndstico Radius de Belo Horizonte:

a) Sala de exames: Tomégrafo computadorizado de feixe cbnico Kodak
9000C 3D.

3.1 Apresentacdo dos materiais

Para realizacdo desse estudo, foi necesséario a utilizacdo de 95 detectores
termoluminescentes de LiF (TL-100H), simulador antropomorfico (Alderson RANDO),
tomografo computadorizado de feixe conico (Kodak 9000C 3D), irradiador gama
STS, modelo OB85, forno automatico (Forno PTW modelo Freiburg), Leitora
Harshaw 5500 Termo Eléctron e software Win-REMS, desenvolvido pela RPM-

Bicron, apresentados detalhadamente abaixo.

3.1.1 Detectores termoluminecentes de LiF:Mg,Cu,P:(TL-100H)

Os detectores termoluminescentes (TL) utilizados s&o do tipo pastilha e
possuem dimensdes 3mm x 3mm x 1mm, cerca de 24mg, fabricado pela Harshaw-
Bicron (Figura 1). E constituido por fluoreto de litio e dopado de impurezas
magnésio, cobre e fosforo. Esses necessitam ser caracterizados antes de serem
utilizados no simulador antropomarfico (HARSHAW-BICRON, 1998).
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Figura 1: Detectores termoluminescentes (TL) de LiF:Mg,Cu,P(TL- 100H)

Fonte: Elaborado pela autora

3.1.2 Leitora Harshaw 5500 Thermo Eléctron

A leitura dos detectores TL foi realizada na leitora Harshaw 5500 Thermo
Eléctron (Figura 2), conectada a um computador com o software Win-REMS
(Radiation Evaluation and Management System) desenvolvido pela RPM-Bicron
(THERMO ELECTRON CORPORATION, 2002).

Figura 2: Leitora Harshaw 5500 Thermo Eléctron

Fonte: Elaborado pela autora

3.1.3 Simulador antropomaorfico Alderson-Rando

Desenvolvido pelo fisico Ph.D. Lawrence H. Lanzl e fabricado pela Alderson
Research Laboratories, € utilizado para avaliagbes relacionados a radiagbes em
diversas areas de pesquisa.

Sua constituicdo é de um material com a radiodensidade semelhante aos

tecidos humanos, distribuido randomicamente (MATSUSHIMA, 2015).
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O fantoma é dividido por 33 fatias, sendo que cada fatia contém uma matriz
regular de furos, com diametro de 5mm cada, e espagados em 3cm. Os furos
contém cilindros que servem como tampdes e também para encaixar os detectores,
com intuito de auxiliar na pesquisa ha mensuracao da radiacdo absorvida nos locais
selecionados, por exemplo (CHAU; FUNG, 2009).

No presente estudo, foi utilizado o simulador antropomaérfico Alderson RANDO
no modelo feminino, representando uma mulher adulta padrdo, com dimensdes
aproximadas de 1,55m de altura, massa de 50kg, mama correspondentes a mamas
de 600mL e ndo apresenta bracos e pernas (Figura 3), pertencente ao laboratorio de
radioprotecéo aplicado a mamografia (LARAM), do CDTN/CNEM de Belo Horizonte-
MG.

Figura 3: Simulador antropomarfico - Alderson-RANDO feminino

Fonte: Elaborado pela autora
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3.1.4 Tomégrafo Kodak 9000C 3D

O equipamento utilizado para o exame tomografico de feixe conico para
avaliacdo da ATM no fantoma Alderson-RANDO, foi o Kodak 9000C 3D (Figura 4),
pertencente ao Servico de Imagem e Diagndstico Radius de Belo Horizonte. As
informacdes das especificacbes técnicas do equipamento utilizado estédo

demonstrados no Quadro 1.

Quadro 1: Especificacfes técnicas do Kodak 9000C 3D

Especificacdes técnicas- Kodak 9000C 3D

Tensao do tubo 60- 90 kV

Corrente do tubo 2-15 mA

Frequéncia 140 kHz

Ponto focal do tubo 0,5mm

Filtracéo total > 2,5mm
Aluminio

Tamanho do Volume 50 x 37mm

Tamanho do Voxel isotrépico 76X76X76umM

Colimacéao (FOV) 5,0cm x 3,7cm

Fonte: Elaborado pela autora
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Figura 4: Tomografo de feixe cdnico Kodak 9000C 3D

Fonte: Elaborado pela autora

3.2 Metodologia

3.2.1 Etapa laboratorial

Os detectores TL foram selecionados observando critérios fisicos (fratura,
irregularidade, alteracdo de coloracdo), homogeneidade, reprodutibilidade e limite
inferior de deteccdo de acordo com o0s requisitos estabelecidos pela 1ISO 12794
(INTERNATIONAL STANDARD NUCLEAR ENERGY, 2000), adotado no laboratorio

de dosimetria termoluminescente.

3.2.1.1 Sistema de leitura TL

A leitora TL Harshaw, modelo 5500, acoplada a um computador e ao software
Win-REMS™, desenvolvido pela RPM-Bicron, contém uma série de programas e
base de dados que direciona a operacdo da leitora. Esta foi ligada durante 20
minutos antes do inicio das leituras para estabilizacdo e reducdo do ruido eletrénico.
O perfil de tempo e temperatura sao definidos no programa de acordo com o TL
utilizado, sendo do presente estudo o TL LiF:Mg,Cu,P (TL-100H) com tempera de
240°C, tempo de 20 segundos e taxa de 120°C/segundo. Com isso, ele promove 3
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etapas para cada TL e assim, realizar a leitura: Pré- aquecimento: estabelece o
ponto para inicio da leitura comum a todos os detectores; Aquisicdo de dados: etapa
em que os dados sdo adquiridos e a curva de emissao (“glow curve”) é gerada;
Recozimento: aquece os detectores a uma alta temperatura para eliminacdo dos
sinais residuais (THERMO ELECTRON CORPORATION, 2002).

3.2.1.2 Geracao dos detectores de calibracdo

A etapa tem como objetivo selecionar o grupo de detectores que sao
utilizados no procedimento de calibragcdo da leitora. Os detectores TL foram
caracterizados utilizando uma fonte de '%Cs do irradiador Gama STS
Steureurngstechknik & Strahlenschutz G- modelo OB, do Laboratério de Calibracéo
de Dosimetros do CDTN. Os detectores TL foram irradiados cinco vezes com 5 mGy
de Kerma no ar com uma distancia de 1,5m da fonte, em condi¢des de equilibrio
eletrdnico. Foram selecionados um grupo de 4 detectores com variacdo maxima da
homogeneidade de 10% e reprodutibilidade de 7,5% em relagdo a média. (THERMO
ELECTRON CORPORATION, 2002).

3.2.1.3 Calibracao da leitora (obtencdo do RCF)

A calibracéo da leitora é feita com o objetivo de obter o fator de calibracédo da
leitora (RCF), e assim, converter o sinal da fotomultiplicadora, que é dado na
unidade de carga (nC), para a unidade dosimétrica definida, dose absorvida e dose
da superficie de entrada (mGy) (HARSHAW-BICRON, 2005).

Neste procedimento, 4 detectores selecionados para a calibracdo foram
expostos a 5mGy de Kerma no ar pela fonte de *’Cs do irradiador Gama STS
Steuerungstechnik & Strahlenschutz Gmbh, modelo OB85 (Laboratério de
Calibracao de Dosimetros do CDTN), a uma distancia de 1,5m em condi¢cdes de
equilibrio eletrénico

Apbs a exposicao, a calibracdo da leitora foi realizada utilizando-se a relacao
entre o valor do kerma no ar, em que os detectores foram expostos em mGy e o
valor que a leitora fornece em nC. Assim, no proprio software definimos o fator de
calibracdo da leitora, RCF (Reader Calibration Factor) como 0,0754 nC/uGy
(THERMO ELECTRON CORPORATION, 2002).
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3.2.1.4 Calibracdo individual dos detectores (obtencdo do ECC)

Esse procedimento gera o fator de sensibilidade individual (ECC) para que
todos os detectores obtenham semelhante resposta a dose de radiacdo aplicada,
evitando uma variacdo natural referente a resposta do material e a massa fisica de
fabricacéo, sendo assim pré-estabelecido no software, a selecdo daqueles que estéo
em até 30% de diferenca da resposta média do grupo de detectores

A calibracdo individual dos detectores proporciona uma reducéo da incerteza
do procedimento da leitura, que devem apresentar o0 mesmo valor para uma
determinada exposicao a radiacdo. (THERMO ELECTRON CORPORATION, 2002).

3.2.1.5 Tratamento térmico

O tratamento térmico realizado entre os procedimentos, tem o objetivo de
reestabelecer o equilibrio termodindmico no material e eliminar os sinais residuais
para sua reutilizacdo, de acordo com os dados definidos pelo fabricante. O forno
utilizado foi o PTW modelo Freiburg (Figura 5), usando o protocolo de 10 minutos a
temperatura de 240°C e, posteriormente, 10 segundos a 50°C, como recomendado

pelo fabricante.

Figura 5: Forno PTW modelo Freiburg

Fonte: Elaborado pela autora
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3.2.1.6 Posicionamento dos detectores TL no simulador

A cada aquisicdo tomografica foram utilizados 4 detectores para medir
radiacdo de fundo (background) e 91 detectores, posicionados da seguinte forma:
um detector na regido de interesse na parte interna do simulador antropomérfico
(para avaliar a dose absorvida), e trés na parte externa (para medir a dose na
superficie de entrada), tanto do lado direito quanto do esquerdo, como apresentado
na Figura 6 e Quadros 2 e 3 (SOBOTTA, 2000).



Figura 6: Posicionamento dos detectores TL no simulador

Fonte: Elaborado pela autora
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Quadro 2: Posicionamento dos detectores TL no simulador para D

Dose Absorvida (D)

Orgéos | Fatia | Direita | Esquerda | Central

Cérebro 3 1 1
Cortical Ossea 3 1 1
Cristalino 4 1 1
Glandulas parétidas 5 1 1
Glandulas Submandibulares e Sublinguais 6 1 1
Mucosa Oral 6 1 1
Linfonodo Cervical 8 1 1
Tireoide 9 1 1
Esbéfago 13 1
Regido Paraesternal 13 1 1
Medula Ossea (centro do esterno) 14 1
Pulméo 14 1 1
Mamas 16 1 1
Figado 18 1
Estdbmago 19 1

) 21 1
Célon 24 1 1
Ovario 29 1 1
Bexiga 30 1
Utero 30 1

Fonte: Elaborado pela autora

Quadro 3: Posicionamento dos detectores TL no simulador para ESD.

Dose de Superficie de Entrada (ESD)

Orgéos | Fatia | Direita | Esquerda | Central
Cristalino 4 3 3
Glandulas parétidas 5 3 3
Glandulas 6 3 3
Submandibulares e
Sublinguais
Mucosa Oral 6 3 3
Linfonodo Cervical 8 3 3
Tireoide 9 3
Regido Paraesternal 13 3 3
Mamas 16 3 3
Figado 18 3
Estbmago 19 3
Célon 24 3 3
Bexiga 30 3

Fonte: Elaborado pela autora
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3.2.2 Etapa da simulagdo do exame tomografico

Os exames foram realizados no tomografo Kodak 9000C 3D com as

seguintes especificacdes técnicas (Quadro 4):

Quadro 4: Especificacfes técnicas do Kodak 9000C 3D durante a simulacéo de

exame da ATM no simulador

Especifica¢cfes técnicas no exame

Tensao do tubo 70 Kv
Corrente do tubo 10 Ma

Tempo de exposicdo (rotacdo) 10,8 segundos
Colimacéao (FOV) 5,0cm x 3,7cm
Tamanho do Voxel isotrépico 76X76X76 UM
Angulo do Alvo 50

Filtracdo inerente 2,5mm eq. Al
Distancia foco-detector 60cm

Fonte: Elaborado pela autora

O protocolo de aquisicdo de imagem para avaliagdo da ATM, em tomdgrafos
de feixe conico de FOV menor apresentam 4 aquisi¢des (Quadro 5):

Quadro 5: Protocolo de exame da ATM em tomadgrafo de feixe conico de FOV

menor

Lado Boca Boca
aberta fechada
Direito 1 1

Esquerdo 1 1

Fonte: Elaborado pela autora

Foram realizados 5 exames tomograficos totais para ATM, sendo que a cada
exame total, os TLs irradiados foram recolhidos e levados a leitora Harshaw 5500
Thermo Eléctron para a obtengéo dos valores das doses na superficie de entrada e
adsorvida de cada regido. Posteriormente, os TLs foram tratados termicamente no

forno PTW modelo Freiburg para a realiza¢do do proximo exame.
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O posicionamento do simulador RANDO feminino no tomoégrafo Kodak 9000C
3D foi através do sensor de imagem do proprio equipamento, sendo inicialmente
posicionada com o plano sagital mediano paralelo ao centro rotacional da unidade
de feixe cdnico para alinhar o simulador antropomorfico a regido de interesse da
ATM. Em todas as aquisi¢des o simulador obteve o mesmo posicionamento vertical
e horizontal (Figura 7).

Figura 7: Simulacdo do exame tomografico

Fonte: Elaborado pela autora

3.3 Etapa dos calculos

Foram realizadas as médias dos valores das doses na superficie de entrada
(ESD) e doses absorvidas (D), dos 5 exames totais de ATM respectiva a cada regiao

de interesse.

3.3.1. Dose na superficie de entrada (ESD)

E o kerma no ar no eixo do feixe de raios X no ponto onde este penetra no
paciente ou no simulador. A contribuicdo da radiacdo retro-espalhada é incluida. A
unidade de dose no Sistema Internacional (SI) € em Gray (Gy), correspondente a
J.Kg'(INTERNATIONAL COMMISSION THE RADIOLOGICAL PROTECTION,
1991).
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3.3.2 Dose absorvida

E o quociente da energia média depositada pela radiacdo ionizante na
matéria (d¢) de massa (dm), num ponto de interesse, demonstrado pela equacéo 1.
A unidade de dose no Sistema Internacional (SI) é o Gray (Gy), correspondente a
J.Kg! (INTERNATIONAL COMMISSION THE RADIOLOGICAL PROTECTION,
2007):

de

p=2% (1)

dm

Neste estudo, para a determinacdo da dose absorvida, utilizou-se a equagao

Dr = D.(¥2) )

P /tecido/ar

Na qual, D é o valor médio das leituras do detector TL em mGy, e pen /p tecido /
ar € a relagéo entre os coeficientes de absorcéo de energia em massa de tecidos e ar
para a energia média das qualidades dos exames.

Por meio da constituicdo elementar de cada 6rgao de interesse e do ar seco
(ICRU 44,1989; WHITE et al 1987) apresentados na Tabela 1, foi utilizado o
Programa online XCOM (National Institute of Standards and Technology - NIST)
para obter o coeficiente de absorcdo de energia em massa de tecidos e do ar, tendo
como referéncia a energia média do aparelho Kodak 9000C 3D (0,0368 MeV) obtida
pelo programa XCOMP5R (NOWOTNY R.; HOFER A.,1985).
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Tabela 1: Composicao elementar de tecidos e 6rgédos do corpo (% por massa)

Locais H C N @] Na Mg P S Cl Ar K Ca Fe
Ar <0.001 0.755 0.231 0.012

Tecidos Moles* 0.106 0.315 0.024 0.547 0.001 0.002 0.003 0.002 0.002

Tireoide 0.104 0.119 0.024 0.745 0.002 0.001 0.001 0.002 0.001 0.001
Trato Gastro** 0.100 0.222 0.022 0.644 0.001 0.002 0.003 0.001 0.004 0.001

Gl. Salivares*** 0.105 0.100 0.023 0.763 0.002 0.001 0.002 0.002 0.002

Cortical 6ssea 0.034 0.1550 0.042 0.435 0.001 0.002 0.103 0.003 x 0.225
Cérebro 0.107 0.145 0.022 0.712 0.002 0.004 0.002 0.003 0.003

Mama 0.106 0.332 0.030 0.527 0.001 0.001 0.002 0.001

Cristalino 0.096 0.195 0.057 0.646 0.001 0.001 0.003 0.001

Pulmao 0.103 0.105 0.031 0.749 0.002 0.002 0.003 0.003 0.002

Ovario 0.105 0.093 0.024 0.768 0.002 0.002 0.002 0.002 0.002

Utero 0.102 0.143 0.034 0.710 0.001 0.002 0.003 0.001 0.004

Medula Ossea 0.105 0.414 0.034 0.439 0.001 0.002 0.002 0.002 0.001

*Tecidos moles feminino (pele, medula 6ssea, figado, cérebro, intestino, pulmao, linfa, bexiga, tireoide, Utero)
**Trato Gastrointestinal

*** Glandulas Salivares

Tabela adaptada do ICRU 44,1989 e WHITE et al.,1987.

Fonte: Elaborado pela autora
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3.3.3 Dose equivalente

E o valor médio da dose absorvida (Dt,r) em um tecido ou 6rgéo (T),
obtido sobre todo o tecido ou 6rgédo (T), devido a radiacdo (R), levando em
consideracdo o fator de radiacdo (Wr) (Tabela 2), como demonstrado na

equacgao 3:

Hp = z Wk DT,R (3)
R

A unidade de dose no Sistema Internacional (SI) é em Sievert (Sv),
equivalente a J.Kg' (INTERNATIONAL COMMISSION THE RADIOLOGICAL
PROTECTION, 2007).

Tabela 2: Fatores de ponderacao da radiagcdo recomendada pela ICRP 103

Tipo de radiacéo Fator de ponderacao da radiacdo, WR
Fotons 1
Elétrons e Muons 1
Protons e pions carregados 2
Particulas a, fragmentos de 20
fissdo e nucleos pesados
Néutrons Uma funcéo continua de energia de néutrons

Tabela adaptada da publicacdo ICRP 103, 2007

Fonte: Elaborado pela autora

3.3.4 Dose efetiva

E a soma ponderada das doses equivalentes em todos os tecidos ou

orgaos do corpo, utilizando a equacéao 4
E = Z WT . HT (4‘)
T

Na qual, Wt é o fator de peso para o tecido T (Tabela 3) e Ht € a dose

equivalente a ele atribuida.
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A unidade de dose no Sistema Internacional (SI) € em Sievert (Sv),
equivalente a J.Kg*! (INTERNATIONAL COMMISSION THE RADIOLOGICAL
PROTECTION, 2007).

Tabela 3: Fator de ponderacéo dos tecidos recomendados

Tecido WT

Medula 6ssea, cdolon, pulméo, estdbmago, 0,12
mama, resto dos tecidos*

GoOnodas 0,08
Bexiga, es6fago, figado, 0,04
tireoide

Superficie do osso, cérebro, glandulas 0.01

salivares e pele

*Restantes dos tecidos: Adrenais, Regido Extratoracica, Vesicula, Coragdo, Rins, Nodulos
Linfaticos, Muasculo, Mucosa Oral, Pancreas, Préstata, Intestino Delgado, Bago, Timo,
Utero/Cérvix

Tabela adaptada da publicacdo ICRP 103, 2007

Fonte: Elaborado pela autora

3.3.5 Estimativa do risco radioinduzido de céancer e alteracfes

morfofuncionais
Durante um exame tomografico de feixe conico para avaliagdo da ATM,
foi utilizado o relato do Biologic Effects of lonizing Radiation (NATIONAL

RESEARCH COUNCIL, 2006).

3.3.5.1 Estimativa de risco radioinduzido de cancer - BEIR VII (2006)

Segundo o National Research Council - BEIR VII (2006), o modelo de
risco linear sem limiar (LNT- linear no-threshold) descreveu a mais razoavel
descricéo da relacdo entre a exposicao de baixas doses de radiacdo ionizante
e a incidéncia de canceres solidos que sao induzidos por radiacdo ionizante.
O modelo linear-quadratico foi adotado pela comissdo para a estimativa de
leucemia.

A estimativa do risco radioinduzido de cancer, de acordo com o
National Research Council - BEIR VII (2006) considera o sexo e a idade do

paciente a exposi¢cdo na radiacdo, sendo que 0 maior risco é para a Sexo
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feminino e em individuos mais jovens. O célculo é realizado de acordo com a

equacéao 5:

R= T‘T.HT

Onde: R compreende o risco efetivo de incidéncia de cancer, rr € 0 risco

()

de cancer especifico para o tecido ou 6rgédo (Tabela 4) e Hr que é a dose

equivalente no tecido T.

Tabela 4: Risco de incidéncia de cancer por idade feminina: NUumero de

caso de 100.000 pessoas expostas a uma dose de 0,1 Gy

IDADE DE EXPOSICAO

ORGAO

20
Estomago 52
Cdlon 114
Figado 14
Pulmé&o 346
Mama 429
Utero 26
Ovério 50
Bexiga 109
Tireoide 113
Leucemia 71
Todos 0s 1575
solidos
Outros 323

Todos os canceres 1646

30
36
82
10
242
253
18
34
79
41
63

1002

207

1065

40
35
79
10
240
141
16
31
78
14
62
824

181
886

50
32
73
9
230
70
13
25
74
4
62
678

148
740

60
27
62
7
201
31
9
18
64
1
57
529

109
586

70
19
45
5
147
12

11

47

0.3
51
358

68
409

80
11
23

77

24

0.0
37
177

30
214

Tabela adaptada da publicacdo BEIR VII, 2006
Obs: Numero de caso por 100.000 pessoas expostas por uma dose de 0,1 Gy.

Fonte: Elaborado pela autora
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Estas estimativas sdo obtidas como estimativas combinadas baseadas no
risco relativo e risco absoluto, ajustado pelo DDREF de 1,5, exceto para

leucemia, que é baseada no modelo linear quadrético.
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RESUMO

O objetivo desta revisdo de literatura foi avaliar e comparar, nos estudos identificados
na literatura, os valores das doses de radiagio em exame de tomografia
computadorizada de feixe conico (TCFC) especificos na avaliagdo da articulacdo
temporomandibular (ATM). Materiais e métodos: O presente estudo se baseou na base
de dados eletronica PubMed para localizar e identificar relatos de pesquisa sobre
dosimetria em TCFC nos protocolos de exame para a avaliagdo de imagens de ATM,
retrospectivamente até o ano de 2011. Resultados: Por meio da pesquisa realizada em
novembro de 2016, foram obtidos 40 artigos, porém somente 6 desses sdo restritos aos
ultimos 5 anos e foram inclusos na revisao de literatura, pois sdo estudos em que 0
tema e a metodologia séo referentes a dosimetria em TCFC para avaliagdo de
ATM. Conclusdo: A selecdo do exame tomogréafico deve ser realizada de modo
adequado, controlando os pardmetros de exposicdo de acordo com cada paciente. Os
6rgdos com maior exposicdo sdo: glandulas parétidas, cristalinos, glandulas
submandibulares e cérebro. Pesquisas de dosimetria em pacientes devem buscar uma
padronizacdo na metodologia, para se comparar diretamente os valores obtidos entre
estudos, e também a otimizacdo das doses de radiacdo e modelos de protecdo em

pacientes.

Palavras-chave: Tomografia Computadorizada de Feixe Conico, Dosimetria.

Articulagdo Temporomandibular. Dose efetiva, Dose absorvida, Dose de radiagéo.
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ABSTRACT

The objective of this literature review was to evaluate and compare the radiation dose
values in a cone beam computed tomography (CBCT) test to evaluate
temporomandibular joint (TMJ) in the literature in the last five years. Materials and
methods: The present study was based on the PubMed electronic database to locate and
identify reports on BMC dosimetry research in the examination protocols for the
evaluation of TMJ images, retrospectively up to the year 2011. Results: Through the
research Carried out in November 2016, forty articles were obtained, but only 6 of
these were restricted to the last five years and were included in the literature review,
since they are studies in which the subject and the methodology are referring to
dosimetry in CBCT for TMJ evaluation. Conclusion: The selection of the CT scan
should be performed in an appropriate manner, controlling the exposure parameters
according to each patient. Patient dosimetry studies should continue to seek
standardization in the methodology (so that it can directly compare the values obtained

between studies) and also the optimization of the radiation dose in patients.

Keywords: Cone-Beam Computed Tomography, Dosimetry, Temporomandibular

Joint, Radiation dose, Effective dose, Absorved dose.



Introduction

The Cone-Beam Computed Tomography (CBCT), for dentomaxillofacial
region, is used as a diagnosis and treatment planning tool in the area of dental clinics,
otorhinolaryngological and polyclinic orthopedic clinics that in the past were not
typically associated with CT®. This mode of examination offers three-dimensional
images of the hard tissue with higher spatial resolution, almost totally free of
overlapping, offering significant advantages in relation to the image quality and
quantity of the anatomical regions visualized, as well as, lower doses of radiation to
the patient and lower cost to the population when compared to the Multislice CT
(MSCT)@3),

The use of the CBCT examination is based on a concise cases, the knowledge
of radiation doses and the requirements of radiation protection, since the radio induced
risk of cancer and morphofunctional changes to organs and tissues exposed to radiation
should be considered for this new modality of exam(! 4 56),

The objective of this literature review was to evaluate and compare the values
of radiation doses in concomitant beam computed tomography (CBCT) for evaluation
of temporomandibular joint (TMJ) reported in the literature in the last five years.

The state of the art in the literature addresses the aspects related to the
importance of knowledge in the dental practice of this modality of diagnostic imaging
and the issues related to the dosimetry of the radiations and the determination of the
levels of diagnostic references. Authors were dedicated to consolidate, through
systematic reviews, the state of the art in CBCT, addressing theoretical and

methodological aspects. Can be cited:

53
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Vos et al (2009)"), analyzed the literature on the CBCT of the oral and maxillofacial
region, from 1998 to 2007, through the PUBMED research database. The study revealed
375 articles, 176 of which were clinically relevant and analyzed in detail. The results of
this systematic review show that there is an inconsistency in reported terminology for
CFCT properties and configurations. There is still a lack of evidence-based data on
radiation doses for CBCT. Based on the results of this study, a minimum set of
parameters is proposed as a guideline for future studies.

Li (2013)®, analyzed 30 articles to deepen and understand the risk of CBCT, the
effective doses in intraoral radiography, panoramic radiography, lateral and postero-
anterior cephaladiography, CBCT. The protective effect of the thyroid protector and
pumblic glasses has also been reviewed. According to this study, one conclusion that
could be drawn is that the thyroid protector and umbilical goggles should be used during
a CBCT examination, since diagnostic information and image quality are not reduced.
Al-Okshi et al (2015)®, analyzed the literature up to April 2014 on effective dose in
cranial CTCT, emphasizing measurement methods and examination protocols, through
the MEDLINE, The Cochrane Library and Web of Science databases. Thirty-eight
studies were included, revealing the need for studies on dosimetry related to image
quality.

Ludlow et al (2015)*?, analyzed the English literature on effective dose and analysis of
radiation dose measurements through the PubMed and EMBASE databases, yielding 519
and 743 publications respectively, of which only 20 of these were analyzed. They
concluded that dosimetry research involves many variables. Decisions affecting these
variables can have a profound impact on the accuracy, validity, and extensibility of

results.
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Kiljunen et al (2015)“Y, compared equipment based on the manufacturer's data, including
scanner-specific X-ray spectra, image reconstruction and image quality issues in the
CBCT, as well as addressing radiation dose and optimization issues. They also discussed
clinical needs and what kind of professionals can operate CFCT systems safely, and
issues that still need to be resolved as image quality. Collaboration between medical
physicists, radiologists, clinicians and engineers is essential for optimization of radiation
in modern radiology, also covering the use of CBCTs.

Goulston et al (2016)?, analyzed the literature from 1998 to May 25, 2015 on radiation
dose reduction through kV and mAs in CBCT without affecting image quality. PubMed /
MEDLINE and Ovid / EMBASE databases were used, with only 24 publications included
for the systematic review. The authors concluded that many CBCT equipment should
optimize one or more of the exposure parameters investigated, and thus reduce the
radiation dose of the patient while maintaining diagnostic image quality. However,
stricter dosimetry research is still needed.

Dosimetry studies and radioinducicide risks (State of the art)

The obtaining of a standard of measurement of the doses of the ionizing
radiation has demonstrated the preoccupation with the radioprotection of the patient at
the present time, especially with respect to the new modalities of diagnostic exams like
the CBCT evaluated in this study of review of the literature®513.14),

The state of the art was based on researchs in which the authors performed as
dose measurements the evaluation of absorbed and effective doses performed for the
comparison of CBCT exams with other CT imaging and panoramic radiography.

As materials and methods, the authors used RANDO anthropomorphic

simulators and thermoluminescent dosimeters positioned in the anatomical regions
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corresponding to human organs and tissues radiosensitive for measurement of radiation
doses during the examination of CBCT!529)

Zenobio et al 2010%® Evaluated the dose of entry into the skin in patients who
would perform radiographic examinations for placement of implants. Two groups were
separated, the first with seven patients submitted to panoramic radiography and
conventional spiral CT in the Cranex Tome equipment (Soredex Helsinki, Finland),
and the second with twelve patients submitted to CT helical CT scanning (Elscint,
Haifa, Israel). The regions evaluated were the organs of the thyroid, parotid gland,
submandibular and crystalline gland.

In some studies16:17:19.20.21.2223) The aphsorbed and / or effective doses were
measured according to ICRP 60 and /or ICRP 103 and compared in CBCT
examinations with panoramic examinations and /or computed tomography
examinations to evaluate maxillary and mandibular images in protocols for dental
implants using Anthropomorphic simulators.

Tsiklakis et al 200517 Applied in their study the comparison of the
examination protocols using or not personal protective screening devices (EUREKA! -
TRIX, Newtom) for the thyroid gland and the cervical spine. The estimated effective
dose included the salivary glands.

The tomographs evaluated in the surveys were: NewTom 9000 (Aperio Inc,
Sarasota, Fla), NewTom QR-DVT 9000 (Verona, Italy), NewTom 3G (Quantitative
Radiology, Verona, Italy); CB Mercuray (Hitachi Medical of America, Twinsburg,
OH); Promax 3D (Planmeca QOY, Helsinki, Finnland); Prexion 3D (Terarecon, San
Mateo, CA); Galileos (Sirona, Charlotte, NC); Classic i-CAT (Imaging Sciences
International, Hatfield, PA); Next Generation i-CAT (Imaging Sciences International);

lluma (Imtec Imaging, Ardmore, OK), Accuitomo 3D (J. Morita Corporation, Kyoto,



57

Japan), I-CAT (Imaging Sciences International, Hatfield, Pennsylvania, USA); 3D
Accuitomo 170, Galileos Confort, Iluma Elite, Kodak 9000 3D, Kodak 9500, NewTom
VG, NewTom VGi, Pax-Uni3D, Picasso Trio, Scanora 3D, SkyView, Veraviewepocs
3D, ProMax 3D Gendex GXCB 500 Sirona Orthophos XG Carestream health CS
9000, Care stream 9300 scanner (Care stream Health)®5:16:17.18.19,20, 21,22,23.24,25)

The absorbed and effective dose values were compared with the exams
performed on multislice tomograph Somatom Sensation 32-row/64-slice configuration
(Siemens Medical Solutions USA, Malvern, PA)!®  Spiral conventional tomograph
Scanora (Orion Corporation Soredex, Helsinki, Finlandia), CT Multislice Spiral
HiSpeed/Fxi (General Electric, Milwaukee) (Chau et al 2009), MSCT in the
tomographs Somatom Volume Zoom 4(Siemens, Erlangen, Alemanha), Somatom
Sensation 16 (Siemens, Erlangen, Alemanha) e Mx8000 IDT (Philips Medical
Systems, Best, the Netherlands)® e TC Multislice SAFIRE (Siemens, Erlangen,

Alemanha)® . The effective dose between studies'®82023 js in the table 1.

Table 1: Effective dose comparison between studies>18.20-23

Author/Year Equipment Calculation Effective Dose
Panoramic: ICRP 60 Panoramic: 6,2uSv
Orthophos Plus DS CBCT:

Ludlow et al CBCT: NewTom Jaw: 19,9uSv

20031 QR-DVT 9000 Mandible: 34,7uSv

Maxilla and Mandible#1: 36,9uSv
Maxila and Mandible#2: 42,1uSv

Mah et al NewTom 9000 ICRP 60 Maxilla and Mandible: 50,3uSv
200319
N&o-blindagem:0,035mSv
Tsiklakis et al ICRP 60 Com blindagem (Pb):0,023mSv
200547
FOV large: ICRP 60 CBCT:
NewTom 3G; ICRP 103 FOV large:
CB Mercuray; NewTom 3G: 42uSv (ICRP 60); 68uSv (ICRP
Ludlow et al Next Generation i- 103)
2008(8) CAT; CB Mercuray(high quality): 806uSv (ICRP 60);
llumina 1073uSv (ICRP 103)
FOV medium: CB Mercuray (low quality): 464uSv (ICRP 60),
Galileos; 569uSv (ICRP 103
Classic i-CAT; Next Generation i-CAT: 37uSv (ICRP 60);

FOV smal: 74uSv
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Loubele et al
20099

Quetal
2010@Y

Davies et al
2012

Pauwels et al

201233

Promax 3D;
Prexion 3D;
MSCT:
Somatom
Sensation 32-
row/64-slice
Configuration

CBCT:
Accuitomo3D;
NewTom 3G;
i-CAT;

MSCT:
Somatom
Volumezoom4;
Somatom
Sensation 16;
Mx8000 IDT;

ProMax 3D

ICRP 103

ICRP 103

ICRP 103

ICRP 103

llumina standard: 50uSv(ICRP 60);
98uSv(ICRP 103)

Humina ultra: 252uSv(ICRP 60); 498uSv(ICRP
103)

FOV medium:

Classic i-CAT; 29uSv(ICRP 60); 69uSv(ICRP
103)

FOV smal: Promax 3D small adult:
151uSv(ICRP 60); 488uSv(ICRP 103)

Promax 3D large adult; 203uSv(ICRP 60);
652uSv; (ICRP 103)

Prexion 3D low exposure: 66uSv(ICRP 60);
189uSv(ICRP 103)

Prexion 3D high resolution: 154uSv(ICRP 60);
388uSv(ICRP 103)

MSCT:

Somatom Sensation 64-slice: 453uSv(ICRP 60);
860uSv(ICRP 103)

Somatom Sensation 64-slice com CARE dose
4D: 85uSv(ICRP 60); 534uSv(ICRP 103)

CBCT: Accuitomo3D:

Maxilla:

Previous Tooth: 29uSv
Premolar and canine: 44uSv
Molar:29uSv

Mandible:

Previous tooth (maxilla): 13uSv
Premolar and canine:22uSv
Molar:29uSv

NewTom 3G;

6” FOV 57uSv

12” FOV 30uSv

i-CAT,;

13cm 10s 48uSv

13cm 40s 77uSv

FOV extended 82uSv

MSCT:

Somatom Volumezoom4; 494-1110uSv
Somatom Sensation 16; 474-995uSv
Mx8000 IDT; 541-1160uSv

102-298uSv

FOV large:78uSv
FOV 13cm: 77uSv
FOV 6cm: 58-113uSv

19-368uSv

Qu et al 2010@Y performed different dental protocols defined by the different

combinations of patient size, volume size and image resolution. There were five

standard patient sizes setting the milliampere (mA) from 8mA to 16mA. The largest



volume was 80x80mm (diameter per height), aiming to include the upper and lower
jaw region, the intermediate volume of 50x80mm, used for examination of the maxilla
or mandible and the smallest volume of 50x40mm, applied in the examination of
sextants Of individual arcs. The selectable resolutions available were low, normal, and
high.

Ludlow et al 2003®® Notes that the tomographic examination resulted in an
effective dose 3-7 times greater than that notes in the panoramic examination.

Mah et al 2003"® Obtained, according to them, a lower value than that
obtained with other computed tomography imaging methods. In their study they
concluded that it should be borne in mind that the data are not directly comparable, due
to many differences between studies, and recommend the standardization of
parameters and methods whenever possible (anatomical areas analyzed, the
composition of the anthropomorphic simulator, the Location of dosimeters) to ensure
more direct and significant comparisons.

Tsiklakis et al 20057 Through their study, notes a reduction of the doses
absorbed in the regions of the thyroid and cervical spine, and also in the effective dose
with the use of lead protection.

Ludlow et al 2008“®), Concluded that CBCT may be recommended as a lower
dose technique when compared to medical CT scans for maxillofacial exams.
Comparing the effective doses calculated by ICRP 103 (2007) for standard
dentomaxilofacail evaluation, the MSCT obtained doses of 1.5 to 12.3 times higher
than the medium FOV CBCT.

Chau et al 2009@9) notes that spiral multislice CT obtained the highest absorbed
dose to organs when compared to CBCT. Regardless of the study protocol in the study,

the salivary glands had the highest absorbed dose values.
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Loubele et al 2009@” Notes that the effective dose levels in the CBCT
examination remained lower than the MSCT clinical protocols, being extremely
important the justification and selection of the examination to optimize the dose of
radiation in the patient, as well as to obtain an adequate image quality for the
diagnosis.

Qu et al 2010V when scanning with the low resolution settings, effective doses
were significantly reduced (p = 0.05). Effective dose reduction can be achieved when
using low exposure parameters. The ProMax 3D scanner showed good reproducibility.
Filtration added in the beam significantly reduced the effective dose on the Promax 3D
examination. Choice of patient size, FOV and resolution can affect patient exposure by
an order of magnitude. Therefore, the selection of each of these parameters must be
careful and necessary to optimize the effective dose of the patient.

Zenbbio et al 2010%® Obtained in panoramic examination, the maximum
absorbed doses near the regions of the parotid glands, being 1,57mGy on the right and
1,89mGy on the left. In the conventional spiral CT scan, the maximum absorbed dose
was 4,41mGy near the right and left parotid glands, while near the right or left
submandibular gland, the maximum absorbed doses reached 40,7mGy. In helical
computed tomography for mandibular and maxillary exams, the maximum absorbed
dose was 40,9mGy near the parotid glands and 41,0mGy near the submandibular
gland. Close to the lens and thyroid, absorbed doses were less than 0,23mGy in all
exams. In the study, regardless of the target area of the examination, the
submandibular and parotid glands were the most irradiated organs. The authors
suggested that efforts should be made by professionals to optimize radiation doses to
the patient without losing the information necessary for treatment planning. All the

techniques evaluated presented values of radiation doses considerably higher in the



salivary glands (parotid and submandibular) when compared to the thyroid and
crystalline glands. Helicoid computed tomography, compared to panoramic
radiography and conventional spiral tomography, was the technique with the highest
radiation dose for patients.

Davies et al 20122 When comparing several datasets of different researchers,
the authors support the need for very careful control in methods for measurement, even
if they feel that variation in values between studies is unavoidable. Therefore, it would
be prudent for them to use the same standardized experimental protocol.

Pauwels et al 20123, conducted a dosimetry study evaluating examination
protocols for total maxilla, anterior teeth region, total mandible and molar region in
CBCT. There was a wide range of apparent measurement values across all organs due
to differences in exposure factors, diameter and height of the primary beam, and
positioning of the beam relative to radiosensitive organs. The results showed a
distinction between the small, medium and large FOV CBCT scanners, in addition to
the different protocols, as applied to the different indication groups. According to the
authors, the effective dose received is strongly related to the size of the FOV. The
results of the present study indicate that effective dose optimization should be
performed by appropriate selection of exposure parameters and FOV size, depending

on diagnostic needs.

Materials and methods

The present study was based on the PubMed electronic database to locate and
identify reports on CBCT dosimetry in the examination protocols for the evaluation of
TMJ images, retrospectively up to the year 2011, using the following keywords: "Cone

-Beam Computed Tomography, ™ Dosimetry, " Temporomandibular Joint, ™"
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Radiation dose, " effective dose, "" absorbed dose. " The search was limited to articles
written in English.

Avrticles identified by the initial search strategy were independently assessed by
two authors in the area who agreed on the following inclusion criteria: 1-population
(cranium, patients or anthropomorphic simulators), 2-intervention (concomitant
computed tomography, thermoluminescent dosimeters, Of ionization), 3-endpoint
(measurement of radiation dose and radio-induced risk of cancer during CBCT

examination).

Results

The research was carried out in November 2016, when 40 articles were
obtained, but only six of these studies, referring to the subject and the methodology,
dosimetry in CBCT for total evaluation of TMJ, restricted to the last five years were
included in the present literature review. Of these six articles, one was published in
2015@7 another in 201448 two in 2013 %29 one in 2012GY and another in 20112,
Four of these were published by Dentomaxillofacial Radiology?":232%30) and the others
in the American Journal of Orthodontics and Dentofacial Orthopedics®?, Japanese
Journal of Radiological Technology®V (Nihon Hoshasen Gijutsu Gakkai Zasshi), as

can be seen in Table 1.



Table 1. Selected articles:
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Autor (es) Titulo Periddico Ano
1
Evaluation of the
Kadesjo N, effective dose of cone Dentomaxillofacial
Benchimol D, Falahat | beam CT and multislice Radiology
B, Nasstrom K, Shi CT for 2015
XQ @ temporomandibular
joint examinations at
optimized exposure
levels
2 Effective doses from
Shin, KC; Nam,H; panoramic radiography
Park, HU; Choi, HY; and CBCT Dentomaxillofacial
Kim and CS Park ® | (cone beam CT) using Radiology
dose area product 2014
(DAP) in dentistry
3 Small field of view cone 2013
Lukat TD, Wong JC, beam CT Dentomaxillofacial
Lam EW @9 temporomandibular Radiology
joint imaging dosimetry
4
A Al-Okshi, M Using GafChromic film
Nilsson, A Petersson, | to estimate the effective Dentomaxillofacial
M Wiese and C Lindh | dose from dental cone Radiology
(30) beam CT and panoramic 2013
radiography
5
Okano T, Matsuo A, Comparison of Japanese Journal of
Gotoh K, Yokoi M, Absorbed and Effective Radiological
Hirukawa A, Dose from Two Dental Technology (Nihon
Okumura S, Koyama | Cone Beam Computed Hoshasen Gijutsu 2012
S @ Tomography Scanners Gakkai Zasshi)
6 Cone-beam computed
Librizzi ZT 1 tomography to detect American Journal of
, Tadinada erosions of the Orthodontics and 2011
AS, Valiyaparambil temporomandibular Dentofacial
JV, Lurie AG, Mallya | joint: Effect of field of Orthopedics
SM ©2) view and voxel size on
diagnostic efficacy and
effective dose

Source: PubMed, 2016
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Discussion
To better understand the articles identified by the research in PubMed were
analyzed with details of the descriptors used by the authors, model / patient, methods

used and analysis, presented by the table 2.



Table 2. Detailed analysis of selected articles
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Continua

Keywords (key words)

Model/ patient

Methods (materials)

Analysis

Conclusion

Keywords:
temporomandibular
joint; cone beam
computed tomography;
thermoluminescent
Dosimetry

Alderson RANDO® Adult
Male Anthropomorphic
Simulator (Alderson
Research Laboratories, New
York, NY)

Regions corresponding to
organs for analysis: active
bone marrow, brain,
endothelium, esophagus,
extrathoracic airways, lymph
nodes, oral mucosa, salivary
glands and thyroid.

They used the CBCT Promax
3D scanner (Planmeca, Helsinki,
Finland); And the MSCT GE
LightSpeed VCT (GE
Healthcare, Little Chalfont, UK)
64 channels; To obtain dose
values in the corresponding
regions, they used TLD-100
thermoluminescent dosemeters
(TLDs), read with the Harshaw
5500 reader (Thermo Scientific,
Waltham, MA). The calculation
of the effective dose was
performed according to the
publication of ICRP103

The interclass correlation was
0,999 and 0,998 for CBCT and
MSCT, respectively. The
LightSpeed VCT test resulted in
higher effective doses for all
organs except the salivary glands
and lymph nodes, with an effective
dose 20% higher than a Promax
3D examination. The effective
dose estimated using the optimized
exposure parameters was 92uSv
for a bilateral TMJ examination in
Promax 3D and 124uSv for the
VCT LightSpeed

The effective doses determined for
Promax 3D CBCT and LightSpeed
VCT MSCT were 92 and 124 pSv,
respectively. The use of FOV and
adequate exposure parameters are
essential for optimization and low
effective dose.

Keywords: CBCT (cone
beam CT); effective
dose; ICRP; DAP (dose
area product);
conversion factor

DAP meter (VacuDAP;
VacuTec Meftechnik GmbH,
Dresden, Germany) at the
center of the X-ray beam.

They used the panoramic
equipment CRANEX® 31
CEPH (Soredex Orion
Corporation, Helsinki, Finland -
panoramic) and the Alphard
3030 (Asahi Roentgen Ind. Co.,
Kyoto, Japan) and Rayscan
Symphony (RAY Co., Suwon ,
Republic of Korea) with 4
different FOVs, depending on
the purpose of the examination.

Comparison between dose values.
Reproducibility of the
examination: RaySafe Xi (Unfors
RaySafe AB, Billdal, Sweden).
The DAP value in adult panoramic
radiography on CRANEX 31
CEPH was 79,9mGycm? and the
effective dose was 6,39uSv. In the
Alphard 3030 DAP value the
"Cefalo™ mode showed the highest
DAP value with 3349mGy cm?
and 428,3uSv in adults and
2001mGycm? and 255,9uSv in
children. In the Rayscan
Symphony tomograph the DAP
value was 1126mGycm? And
effective dose of 160,3uSv in
adults and 1006mGycm? and
143,2uSv in children.

The effective doses of CBCT were
superior to those of panoramic
radiography. The differences in
effective doses between the adult
and child in the CBCT depended on
the type of equipment and the
exposure parameters used.
Therefore, it is necessary that the
selection of the examination is
adequate, controlling the exposure.
Research to minimize the effective
dose in patients, especially children,
should continue.
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(Continuacéo)

Keywords (key words) Model/ patient Methods (materials) Analysis Conclusion
Anthropomorphic simulator Hitachi CB MercuRay Cone The effective dose in the CB Acquisitions of individual right and
Keywords: RANDO (Alderson Research Beam Tomographers (Hitachi MercuRay tomograph was left TMJ volumes using the Kodak

temporomandibular
joint; cone beam
computed tomography;
radiation dosimetry

Laboratories, Stanford, CT),
male model.

Regions corresponding to
organs for analysis: anterior,
posterior and left cranial cap,
center of cervical spine, body
and branch of right and left
mandible, right and middle
surfaces of the thyroid,
esophagus, right and left
crystals, right cheek, nape of
the side Left, right and left
parotid, sublingual and
submandibular glands,
pituitary fossa, right and left
orbit, pharynx and midbrain.

Medical Systems, Tokyo,
Japan); Kodak 9000® 3D
(Carestream, Rochester, NY).
The effective dose was
estimated using ICRP 103
(2007).

223,6uSv, with Kodak 9000 3D of
20,5uSv. The difference between
the effective doses were performed
by ANOVA one-way analysis of
variance (p<0,0001). Tukey's post-
hoc analysis showed that all
bilateral acquisition groups
differed significantly from each
other (p<0,05).

9000 CBCT 3D imaging system
resulted in a more than tenfold
effective dose reduction compared
to the larger single field acquisition
with the Hitachi CB MercuRay.
This decrease becomes even more
significant when using the lower
pipe potential and the pipe current
configurations.

Keywords: radiation
dosage; cone beam
computed tomography;
film dosimetry

Anthropomorphic Simulator
(RANDO® Phantom, The
Phantom Laboratory, Salem,
NY).

Regions corresponding to
organs for analysis: parotid
glands, oral mucosa,
extrathoracic airways, brain,
cortical bone, red bone
marrow, skin and thyroid.

The CBCT units used were
Veraviewepocs 3De® (J Morita
MFG Corp., Kyoto, Japan),
ProMax® 3D (Planmeca,
Helsinki, Finland) and NewTom
VGIi® (Quantitative Radiology,
Verona, Italy). GafChromic XR-
QA2 films were placed between
the source and the simulator.
The effective dose was
estimated using ICRP 103
(2007).

The highest absorbed dose values
were for the parotid glands in all
analysis equipment.

The lowest effective dose value
was the ProMax 3D FOV smal
conical beam tomograph at the
total maxillary exam with 10pSv.
The highest value was from the
NewTom VGi medium FOV conic
beam scanner in the high
resolution TMJ scan with 129uSv.

In conclusion, the film GafChromic
can be used to map the distribution
and measure the absorbed dose of
organ / tissue in CBCT and
panoramic radiography. The use of
small FOV and standard resolution
reduces the effective dose when
compared to FOVs or higher
resolution.

(Concluséo)
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Keywords (key words)

Model/ patient

Methods (materials)

Analysis

Conclusion

Key words: cone beam
computed tomography
(CBCT), absorbed

doses, effective doses,

Anthropomorphic simulator
Alderson RANDO;

The corresponding organs
were: bone marrow, colon,

The Alphard VEGA and 3DX
MULTI-IMAGEMICRO CT

were used. The calculation of
the effective dose was

The effective doses for the
Alphard VEGA in D, I,Pand C
mode were 86, 238, 413, and
323uSv, respectively. Effective

Both the value of Alphard VEGA
and that of 3DX revealed that the
doses absorbed for the salivary

glands and oral mucosa are much

field of view (FOV) adrenal, extrathoracic region, performed according to the doses using 3DX for upper incisor, higher than the other tissues. You
lung, gallbladder, stomach, publications of ICRP 60 (1990) upper molar, mandibular incisor, must select a suitable mode to
heart, sinus, kidney, gonads, and 103 (2007). mandibular molar and TMJ were perform the optimization..
muscle, bladder, oral 27, 30, 48, 60 and 14puSv,
mucosa, esophagus, respectively.
pancreas, liver, Prostate,
thyroid, small intestine, bone
surface, spleen, brain,
thymus, salivary gland,
uterus, skin.

Not included 16 dry, toothed or partially Maxilla and jaw positioned and The ROC curve was used to The diagnostic efficacy of CBCT

dentate human skulls, 16
TMJs with natural or
artificially created erosions
and 16 normal TMJs.
Anthropomorphic head and
neck simulator (RANDO,
The Phantom Laboratory,
Salem, NY). Regions
corresponding to organs for
analysis anterior, posterior,
right and left cranial cap,
center of cervical spine, body
and branch of right and left
mandible, surface and
midline of thyroid,
esophagus, right and left
crystalline, right cheek, nape
of the side Left, right and left
parotid and submandibular
glands, sublingual gland,
pituitary fossa, right and left
orbits and midbrain.

fixed in occlusion with an

elastic. Two acrylic plates (0,5")

were placed between the X-ray
source and the skull to simulate
the absorption of soft tissues.

The CBCT used was the Hitachi
CB MercuRay CBCT scanner. 3
different imaging protocols were

performed, with FOV and the
size of the reconstructed voxels.
TLD 100 dosimeters (Landauer,
Glenwood, II) were positioned
in the simulator. For a more

accurate absorbed dose, 3 exams

of each protocol were
performed. The effective doses
for each test were calculated
according to ICRP 103 (2007)

compare the values between
equipment of different FOV sizes.
The area under the curve for FOV
6in was statistically larger than
that of FOV 12in (p <0,05).

scans for evaluation of erosive
changes in TMJ is greater for the 6-
in FOV and lower for the 12-in
FOV.







The key words used by the authors were: temporomandibular joint, conical beam
computed tomography, thermoluminescent dosimetry, CBCT, effective dose, ICRP, DAP
(area product dose), conversion factor, radiation dosimetry, Dose of radiation, dosimetric
film; Absorbed dose, effective dose, field of view (FOV). Of these, the most used by the
authors was computed tomography of the conic bundle (four times) and
temporomandibular joint (twice). The others were used only once each.

Four of the six studies used the Alderson RANDO anthropomorphic simulator to
position the thermoluminescent dosimeters during the measurements of absorbed doses in
organs and tissues®”2°3132)  In a study®®, The RANDO anthropomorphic simulator was
used, but the average of the absorbed doses was obtained using the GafCromic dosimetric
film between the source and the anthropomorphic simulator. In another study®® The
method used to obtain the absorbed doses was with the DAP VacuDAP meter (VacuTec
MeRtechnik GmbH, Dresden, Germany) in the center of the X-ray beam.

The region most evaluated was the one corresponding to the organ of the thyroid
and salivary glands®72°303132) followed by the esophagus?’?°3132) The least evaluated
among the studies were the pharynx, lung, colon, adrenal glands, gall bladder, stomach,
heart, breasts, kidneys, gonads, muscle, bladder, pancreas, prostate, small intestine, spleen
and thymus®,

Regarding the tomographs used, Kadejo et al®” carried out their research on
Promax® 3D tomographs (Planmeca, Helsinki, Finland -TCCB); GE LightSpeed VCT (GE
Healthcare, Little Chalfont, UK- 64-slice TC). Shin et al.®® used the CRANEX® 31 CEPH
(Soredex Orion Corporation, Helsinquia, Finlandia — panoramica) and Alphard 3030
(Asahi Roentgen Ind., Co. Ltd, Kyoto, Japdo -TCCB) and Rayscan Symphony (RAY Co.,
Suwon, Republica da Coreia -TCCB) with 4 different FOVs, for facial, broad, mandibular

or TMJ examinations and whether it was for adults or children. Lukat et al.®® used Hitachi
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CB MercuRay (Hitachi Medical Systems, Toquio, Japdo) and Kodak 9000® 3D
(Carestream, Rochester, NY). Al-Okshi et al.®? used the CBCT units Veraviewepocs
3De® (J Morita MFG Corp., Quioto, Japao), ProMax® 3D (Planmeca, Helsinki, Finlandia)
and NewTom VGi® (Quantitative Radiology, Verona, Italia). Okano et al®V used Alphard
VEGA (modelo Alphard-3030; Asahi Les Ntogen Kogyo Co., Ltd.) and 3DX MULTI-
IMAGEMICRO TC ((formula type MCT-1; Co., Ltd. Morita Seisakusho). Librizzi et al®?
used the Hitachi CB MercuRay CBCT scanner.

The ProMax 3D scanner (Planmeca, Helsinki, Finlandia)?"3% and the Hitachi CB
MercuRay CBCT scanner(®®32) were the most used among the 6 studies.

For the calculation of effective doses, the recommendations of the ICRP 103 were
used in five"2%303132) of the six studies, and the study by Shin et al.?® was the only one
that used the DAP measurement.

Kadejo et al.?”) notes that the effective doses determined for Promax 3D CBCT and
LightSpeed VCT MSCT were 92uSv and 124uSv, respectively, and it was notes that the
use of FOV and adequate exposure parameters are essential to obtain a low effective dose.
In the study by Shin et al.®® | the values of the effective doses in the CBCT exams were
superior to those of panoramic radiography. There were also differences in the effective
doses between the adult and child in the CBCT related to the equipment and the exposure
parameters. The authors noted that selection of appropriate exposure parameters and
control of radiation exposure are necessary to minimize effective dose to patients,
especially children who are more radiosensitive. In this context, Lukat et al.?® notes that
the effective dose was ten times lower in the acquisitions of individual right and left TMJ
volumes using the Kodak 9000 3D CBCT compared to the larger FOV acquisition using
the Hitachi CB MercuRay tomograph. This behavior becomes even more significant when

we use low exposure parameters. For Okano et al.®" The doses absorbed in the salivary



glands and oral mucosa are much higher than in the other tissues in examinations
performed in Alphar and 3DX tomographers. The authors notes the need to select
adequately the settings of the exposure parameters to perform the examination and to
obtain optimization of radiation doses in the patients.

Regarding detection, Al-Okshi et al.®” concluded that the GafChromic film can be
used to map the distribution and measurement of the absorbed dose of organ / tissue in
CBCT and panoramic radiography examinations. Using small FOV at standard resolution
reduces the dose when compared to larger FOVs of the same ROI or higher resolution.

Librizzi et al.®? estimated the effective doses administered by the various CFCT
exams for a typical TMJ and craniofacial evaluation exam. The authors also notes better
diagnostic efficacy of CBCT scans for the evaluation of erosive changes in TMJ 6-in FOV

than 12-in FOV.

Final considerations

Considering the present literature review, it can be inferred that the use of FOV and
adequate exposure parameters are essential to obtain radiation dose optimization in
patients. The salivary glands obtained higher dose values compared to the other organs
during a CBCT examination for the dentomaxillofacial region. Therefore, the selection of
the examination should be performed adequately, controlling the exposure parameters
according to each patient. Dosimetry studies in patients should continue to seek a
standardization of the methodology, for the direct comparison of the values obtained

between the studies, and also the optimization of the radiation dose in the patients.
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