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LISTA DE ABREVIATURAS, SIGLAS E SIMBOLOS’

JCE Juncdo cemento-esmalte

CA Crista alveolar

% Porcentagem

TC Tomografia computadorizada

CBCT Cone-Beam Computed Tomography (Tomografia computadorizada

por feixe conico)

TCV Tomografia computadorizada volumétrica

3D Tridimensional

ATM Articulagao temporomandibular

2D Bidimensional
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Imagens agregadas)
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GHz Gigahertz

GB Gigabits

¢ Polegadas

FOV Field of view (Campo de visao)

mm Milimetros
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X



DICOM

SPSS
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As low as reasonably achievable (Tao baixo quanto
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RESUMO

As radiografias interproximais e periapicais sdo as mais indicadas para avaliagao
periodontal, porém apresentam limitagées no diagndstico da condigdo Ossea. A
tomografia computadorizada volumétrica tem sido o recurso de imagem mais
utilizado quando ha necessidade de avaliacao tridimensional em Odontologia. O
objetivo desse estudo foi comparar radiografias periapicais e imagens
tomograficas volumétricas na detecgao e localizagédo de perdas ésseas alveolares,
por meio da comparagdo de medidas lineares da altura, profundidade e largura
dos defeitos e identificacdo dos defeitos 6sseos combinados nas imagens
tomograficas. As imagens foram selecionadas a partir de um banco de dados
secundario contendo imagens de pacientes com indicagdo para avaliagédo
periodontal. A amostra foi composta por 51 sitios apresentando perdas Osseas
horizontais e verticais avaliados por trés examinadores previamente treinados. Os
resultados mostraram que os métodos de imagem comparados n&o apresentaram
diferengas estatisticamente significantes entre si quanto a identificacao do padrao
da perda 6ssea. Entretanto, as medidas da distancia entre a jungdo cemento-
esmalte (JCE) a crista alveolar (CA), apresentaram diferengas entre os dois
métodos. Quando comparadas as medidas da distédncia da JCE ao ponto mais
fundo do defeito e da largura do defeito, os métodos nao apresentaram diferencas
estatisticamente significantes. Neste estudo 30,77% dos 39 dentes avaliados
apresentavam defeitos 6sseos combinados. Concluiu-se que os dois métodos
apresentam diferengas na detecgao da altura da crista éssea alveolar, porém com
visualizacao similar da profundidade e largura dos defeitos 6sseos. A tomografia
computadorizada volumeétrica foi o unico método que permitiu analise das faces

vestibular e lingual/palatina e melhor visualizagdo da morfologia do defeito.

Descritores: Diagnostico, Tomografia computadorizada volumétrica, Radiografia,

Perda 6ssea alveolar.
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ABSTRACT

Interproximal and periapical radiographs are most suited to periodontal evaluation,
but are limited when it comes to diagnosis of bone condition. In dentistry, cone
beam computed tomography (CBCT) has been most frequently used when a three-
dimensional evaluation is needed. The aim of this study was to compare periapical
radiographs and volumetric CT imaging in detecting and localizing alveolar bone
loss, by comparing linear measurements of the height, depth and width of the
defects and identifying combined bone defects in tomographic images. The images
were selected from a secondary database containing images of patients referred
for periodontal evaluation. The sample consisted of 51 sites showing both
horizontal and vertical bone loss, assessed by three previously-trained examiners.
The results showed that there were no statistically significant differences between
the imaging methods compared in terms of identification of the pattern of bone
loss. However, there were differences between the two methods when the distance
between the cementoenamel junction (CEJ) and the alveolar crest (AC) was
measured. When the distance between the CEJ and the deepest point and the
width of the defect were measured, the methods showed no statistically significant
difference. In this study, 30.76% of the 39 teeth evaluated had combined bone
defects. It was concluded that the two methods differ when detecting the height of
the alveolar bone crest, but present similar views of the depth and width of bone
defects. CBCT was the only method that allowed for an analysis of the buccal and
lingual/palatal surfaces and an improved visualization of the morphology of the

defect.

Key words: Diagnosis, Tomography, Radiology, Alveolar bone loss.
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1- CARACTERIZACAO DO PROBLEMA

As alteracdes inflamatérias no periodonto podem levar a formagcdo de bolsa
periodontal, perda de adesao do epitélio juncional e consequente reabsorgédo da crista
dssea alveolar (CA)"2. O diagndstico destas alteracdes pode ser estabelecido por meio
da sondagem dos tecidos gengivais associada a avaliagdo radiografica do osso
alveolar de suporte®*.

Na doenca periodontal, os septos interdentais passam por modificagcdes que afetam
a lamina dura, tamanho e forma dos espacos medulares. As cristas 0sseas alveolares
podem sofrer alteracdes do contorno e da altura, variando entre perda éssea horizontal
ou vertical .

O padrao mais comum na doenca periodontal é a perda dssea horizontal. O osso é
reduzido em altura, mas a margem GOssea permanece relativamente perpendicular a
superficie dentaria. Os septos interdentais e as laminas vestibular e lingual sdo
afetados, mas n3o necessariamente em igual magnitude ao redor do mesmo dente?.

A perda éssea vertical ou defeito vertical (ou angular) pode ser dividida em dois
tipos principais. Uma depressao cbncava de duas paredes remanescentes que se
forma na crista do osso interdental, denominada cratera interproximal, ou em direcéo
obliqua, deixando uma depressdo no 0sso ao longo da raiz. Neste caso apresenta a
base do defeito localizada apicalmente em relagédo ao osso circundante, caracterizando
o defeito infra-dsseo’%%C.

Os defeitos 6sseos verticais foram classificados por Goldman & Cohen (1958)°

baseando-se no numero de paredes 6sseas remanescentes. O defeito de trés paredes
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apresenta integridade das paredes vestibular, lingual e de uma das paredes proximais
e é também descrito como defeito intra-dsseo®. Denomina-se defeito 6sseo de duas
paredes quando, além da perda da parede proximal, perde-se também a parede
vestibular ou lingual. Quando houver reabsor¢do da parede vestibular e lingual e
apenas uma parede proximal estiver presente o defeito € classificado como de uma
parede. O termo defeito 6sseo combinado € utilizado quando o numero de paredes em
sua porcao apical difere de sua porgao oclusal®’™.

A correta avaliagdo da condicdo Ossea é fundamental para o diagndstico,
planejamento do tratamento e progndstico da doenca periodontal®. Informacdes
advindas da sondagem dos tecidos gengivais associadas aos exames por imagem
orientam a avaliacdo da altura do osso alveolar, nas perdas 6sseas horizontais e a
presenca de defeitos dsseos verticais®*

A sondagem oOssea é utilizada como método adicional ao diagnodstico da doenca
periodontal. Para isso, apds anestesia local, a extremidade da sonda é forcada através
do tecido conjuntivo supra-alveolar até estabelecer o contato com o 0sso, e a distancia
da JCE a CA é registrada em milimetros?. Entretanto, a sondagem dssea e a
convencional, apresentam limitacdes, dentre elas, erros de medicdo relacionados a
espessura e angulagao da sonda, contorno da superficie dentaria, erros resultantes das
variagdes na forga aplicada durante a sondagem e ainda, altera¢cdes na extensido do
processo inflamatorio nos tecidos periodontais1.

Os exames por imagem possibilitam detectar e mensurar alteragdes relacionadas

8,10-12

as periodontopatias , além de permitirem avaliar o padrao e a extensdao da

reabsorgdo o6ssea'’. A avaliagdo radiografica das alteragbes Osseas na doenga
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periodontal é baseada principalmente no aspecto dos septos interdentais'™. O septo
interdental normalmente apresenta uma borda fina, radiopaca, adjacente ao ligamento
periodontal e a CA, conhecida como lamina dura, representada por uma linha
radiopaca e continua®. Uma margem cortical bem mineralizada, uniforme e continua da
CA sugere auséncia de atividade da doenca periodontal®.

Na presenga da doenga periodontal, dois aspectos radiograficos podem ser
observados: 1) alteracdo da morfologia do osso alveolar de suporte, evidente pela
reducdo em altura da crista 6ssea interproximal, e 2) alteragbes na densidade interna e
no padrao trabecular do osso alveolar, identificados pela maior radiotransparéncia na
regiao®'2.

Dentre os métodos de diagndstico radiografico que utilizam imagens bidimensionais
na deteccédo de perdas Osseas alveolares, as radiografias interproximais e periapicais
sdo as mais indicadas pela facilidade de aquisi¢ao, baixo custo e alta resolucédo da
imagem3'4. No entanto, estes métodos radiograficos séo limitados pela sobreposi¢céo de

314 & por subestimarem a dimensao

estruturas anatomicas, dificuldade de padronizacao
e ocorréncia dos defeitos dsseos’. Seltzer & Bender (1961), demonstraram que lesdes
confinadas ao 0sso esponjoso eram imperceptiveis radiograficamente. Segundo os
autores, grandes lesdes intra-0sseas, de origem inflamatéria ou tumoral, podem estar
presentes, sem apresentar alteracdo na caracteristica radiogréfica12.

As radiografias periapicais nao indicam a morfologia interna ou a profundidade dos
defeitos dsseos interdentais'®'®. Além disso, também nZo revelam a extensdo de

|8,14,15

envolvimento das faces vestibular e lingua por estarem mascaradas pela estrutura

densa da raiz. Outra limitacdo deste método de imagem é a sobreposi¢cao de estruturas
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anatbmicas como a linha milo-hididea na regido dos dentes posteriores inferiores
inviabilizando o diagnostico da destruicdo 6ssea nas faces proximais destes dentes?.

A radiografia digital consiste em outro recurso de imagem que apresenta vantagens
como rapidez da técnica, eliminagao do processamento quimico e reducdo do tempo
de exposicdo a radiacdo X. Além disso, a imagem digital dispde de recursos como
controle de brilho e contraste, inversdo da imagem, determinagdo de distancias e
densidade radiografica, que constituem o processamento eletrénico da imagem e
podem ser Uteis na avaliacdo de perdas dsseas''’. A subtracdo radiografica digital &
uma ferramenta sensivel na avaliagdo de perda ou ganho de estruturas minerais em
ossos e dentes'®, revelando alteragdes da densidade mineral na ordem de 5%, muito
abaixo dos 30-50%, necessarios para a observagcdo em radiografias convencionais®.
Em virtude da técnica de aquisicdo ser altamente padronizada e possuir métodos
precisos de analise, a subtragdo digital € superior as radiografias convencionais na
deteccdo precoce das alteragdes Osseas®. Entretanto, € um método de maior
dificuldade técnica, pela necessidade de padronizagdo das tomadas radiograficas, e
tem as mesmas limitagbes das imagens bidimensionais, impossibilitando a avaliagéo
completa e precisa da condi¢do do osso alveolar ™.

A tomografia computadorizada (TC) mostra imagens sem sobreposicdo de
estruturas adjacentes, auséncia de distor¢des e visao tridimensional, permitindo,
melhor localizagdo das perdas 6sseas. Porém, a TC possui desvantagens como a alta
dose de radiacdo ionizante, imagens de baixa resolugdo e alto custo operacional®®'*,
apresentando relagdo custo-beneficio desfavoravel para fins de diagndstico

periodontal™.
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A tomografia computadorizada por feixe cdnico ou tomografia computadorizada
volumétrica (TCV), tem sido o exame de escolha em Odontologia, nos casos em que
ha necessidade da avaliagdo em tridimensao. Sua aplicacdo vem sendo destacada em

18,19,20

situacdes clinicas especificas, como a localizagcdo de dentes retidos , avaliacado de

reabsorcdes radiculares'®?'?® espessura dssea antero-posterior na regido de
S 20 ‘ot L 20,22,23 : ~
incisivos®”, e estudo das caracteristicas morfologicas da ATM . Outras aplicacbes

abrangem a avaliacdo do crescimento e desenvolvimento craniofacial'®

, estimacao da
idade dssea®, lesdes periapicais®®, e planejamento pré-operatério para implantes' e
outras cirurgias orais?’.

A aplicacdo da TCV ainda é pouco explorada na periodontia, limitando-se
principalmente a estudos realizados em cranios macerados humanos e de animais.
Pesquisas comparando o uso de imagens 3D volumétricas em defeitos Osseos
artificiais®'>?® e imagens intrabucais 2D, demonstram que a TCV possui uma
sensibilidade de 80-100% na detecgdo e classificagdo dos defeitos désseos, em
contraste com a sensibilidade de 63-67% das radiografias intrabucais®'>%. Quanto a
avaliacdo de defeitos 6Osseos artificiais em cranios humanos e animais observa-se
melhor acuracia para os resultados obtidos pela TCV, bem como visualizagcéo
tridimensional das estruturas dsseas e anatébmicas. Além de auséncia de distorcdes e
sobreposicao e apresentar dimensbdes compativeis com o tamanho real, quando

comparados com imagens periapicais e panoramicas®'%22°,
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2- JUSTIFICATIVA

Estudos revelam as limitagbes das imagens convencionais bidimensionais no

481428 Até o presente momento, a

diagnodstico das perdas oOsseas periodontais
avaliagdo periodontal por imagem computadorizada foi realizada, na maioria dos
estudos, em cranios macerados. Embora trabalhos laboratoriais possam ser
extrapolados para aplicacdo na clinica, a pesquisa fundamentalmente clinica, pode
validar um estudo laboratorial e mostrar condi¢cdes reais da utilizagdo e valor de um
determinado método de diagndstico.

A percepcdao da imagem por tomografia computadorizada volumétrica na
avaliagdo das perdas Osseas alveolares e defeitos dsseos periodontais pode levar a

uma nova abordagem na avaliacdo dos pacientes com doencga periodontal, e constituir

um recurso adicional na tomada de decisédo da terapia mais apropriada.
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3- OBJETIVOS

3.1- Objetivo Geral
Comparar a tomografia computadorizada volumétrica e radiografias periapicais

na deteccao e localizac&do de perdas Osseas alveolares.

3.2- Objetivos Especificos
1. Comparar imagens radiograficas periapicais convencionais e imagens de
tomografia computadorizada volumétrica nos seguintes aspectos:
e |dentificacdo do padrao da perda 6ssea, horizontal ou vertical;
¢ Medidas lineares da altura das perdas 6sseas horizontais;
e Medidas lineares da altura, profundidade e largura dos defeitos ésseos
verticais;
2. ldentificar os defeitos Osseos combinados nas imagens de tomografia

computadorizada volumétrica.
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4- MATERIAL E METODOS

4.1- Tipo de estudo: Estudo transversal

4.2- Locais de execucao: Faculdade de Odontologia - UFG, Goiania e Clinica de

Radiologia Odontolégica privada.

4.3- Delineamento do estudo

Unidade experimental: 51 sitios com perda o&ssea horizontal e vertical,

selecionados a partir de 1485 imagens de um banco de dados secundario de pacientes
com indicagao para avaliagao periodontal. Os exames foram realizados em uma Clinica
de Radiologia Odontoldgica no periodo de Julho de 2008 a Abril de 2009.

Fatores estudados:

- Medidas lineares e identificacdo do padrédo vertical ou horizontal da perda
Ossea e de defeitos 6sseos combinados.

Variaveis de resposta:

- Padrao da perda 6ssea, horizontal ou vertical;
- Altura da perda 6ssea horizontal,
- Altura, profundidade e largura dos defeitos 6sseos verticais;

- Presenca de defeitos 6sseos combinados.

20



4.4- Aspectos éticos e legais

Este estudo foi realizado com imagens de um banco de dados secundario,
utilizado anteriormente em outro estudo, com aprovacéo junto ao Comité de Etica em
Pesquisa da Universidade Federal de Goias, com protocolo de aprovagao de numero
169/2008. Considerando que os sujeitos da pesquisa nao foram afetados com a
realizagdo das mesmas, nao se justificou a aplicagdo do Termo de Consentimento Livre
e Esclarecido. Dados referentes a identificacdo dos sujeitos (nome, género e idade)

foram utilizados preservando a privacidade e confidencialidade dos mesmos.

4.5- Obtencao e selecao da amostra

Inicialmente um profissional especialista em Radiologia Odontolégica com 14
anos de experiéncia profissional realizou a sele¢do de imagens em um banco de dados
secundario. Esse profissional ndo participou como examinador no estudo. De um total
de 1485 imagens, foram selecionadas imagens periapicais e tomograficas de 21
pacientes adultos, cuja indicagdo clinica era avaliagdo radiografica de doenga
periodontal.

As radiografias periapicais contidas no banco de dados foram obtidas pela
utilizacado de aparelho radiografico Spectro 70X Seletronic, (Dabi Atlante, Brasil), com
os seguintes parametros técnicos: 70 kV, 8 mA e tempo de exposi¢ao de acordo com a
regidao radiografada, seguindo as recomendagdes do fabricante. O filme radiografico
utilizado foi o Kodak Insight (Eastman Kodak Co, Rochester, NY) aplicando a técnica
da bissetriz com uso de posicionadores radiograficos (Indusbello, Londrina, Parana,

Brasil). Os filmes foram processados automaticamente pela processadora AT 2000 XR
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Air Techniques, em solu¢gdes RP X-OMAT Kodak, contendo solugbes reveladora e
fixadora adequadas (Kodak Brasileira Com. Ind. Ltda., Campinas, Sdo Paulo, Brasil).
Em seguida todas as radiografias periapicais convencionais foram digitalizadas atraves
de um scanner scanjet HP 4890 com leitor de transparéncia em 300 dpi e salvas em
TIFF.

As imagens de TCV contidas no banco de dados foram obtidas utilizando
tomografo de feixe conico i-CAT (Imaging Sciences International, Hatfield, PA, Estados
Unidos da América), com os seguintes parametros técnicos: 120 kVp e 36,12 mA e
com tempo de exposi¢cdo 40 segundos. A area de analise ou exposi¢do, chamada de
Field of view (FOV) ou campo de visao utilizada foi de 6 cm e o tamanho do voxel de
0,2 x 0,2 x 0,2 mm, com uma escala de cinza de 12 bits. As imagens foram geradas no
formato DICOM e processadas pelo software XoranCat versédo 3.1.62 em um
computador IntelR Pentium (R) D CPU de 340GHz, 335GB de memodria RAM,
programa Microsoft Windows XP profissional SP-2 (Microsoft Corp, Redmond, WA) . As
imagens foram analisadas pelas reconstrugdes axial, transversal e longitudinal com
intervalo de cortes de 1mm, em monitor de 17 polegadas, com 1280 X 1024 de
resolucao da tela.

Os termos longitudinal e transversal foram utilizados aqui para corresponder,
respectivamente, ao corte paralelo e perpendicular a area examinada. Essa adequacéao
na terminologia foi realizada para substituir o termo cross sectional da lingua inglesa,
que representa o corte transversal, j4 que os termos classicos para avaliagao de
imagens tomograficas, a saber, axial, sagital e coronal, se confundem na avaliagéo

especifica do arco dentéario. Portanto, a imagem que € coronal na regido posterior,
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mostra o processo alveolar no sentido vestibular-lingual. Na regido anterior, 0 mesmo
corte coronal mostra uma imagem no sentido mésio-distal. Nominando os cortes como
transversal e longitudinal pode-se entender o corte em qualquer regido do processo
alveolar.

As imagens foram selecionadas baseando-se em critérios de inclusédo
previamente estabelecidos, tais como: apresentar boa qualidade de imagem, definida
como maxima resolucdo, densidade e contraste meédios; centralizacdo da regido
avaliada; visualizacdo da JCE e presenca de perda ossea alveolar maior que 3 mm?°.
Foram excluidas da amostra imagens que apresentavam sobreposi¢céo interproximal
nas radiografias periapicais, dentes com restauragées metalicas que geravam artefatos
nas tomografias e aquelas que apresentavam destruigdo coronaria comprometendo a
JCE.

Atendendo aos critérios de inclusdo, foram selecionados exames de 21
pacientes que possuiam radiografias periapicais e TCV da mesma regido, totalizando
218 dentes. Entretanto, 179 dentes foram excluidos da amostra por apresentarem
comprometimento da JCE. Dentes tratados endodonticamente também foram excluidos
para ndo haver artefatos na identificagdo dos defeitos 6sseos. Assim, foram avaliados
39 dentes de 11 pacientes adultos de ambos os géneros e com idade variando entre 39
a 66 anos. A amostra consistiu de 51 sitios contendo 36 perdas 6sseas horizontais e 15
verticais. Destes, 34 estavam presentes em faces proximais de dentes anteriores e 17

em faces proximais de dentes posteriores.
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4.6- Interpretacao das imagens

As imagens foram analisadas por trés examinadores: examinador 1 - radiologista
com 2 anos de experiéncia profissional e examinadores 2 e 3 - cirurgides-dentistas,
com experiéncia em interpretagao radiografica e treinados para avaliagdo de perdas
osseas alveolares nas duas modalidades de imagem). Todos os examinadores foram
treinados, utilizando 20 imagens do mesmo banco de dados, porém, n&o inclusas no
estudo.

As imagens radiograficas digitalizadas e os cortes tomograficos foram
convertidos para o formato TIFF. O examinador 2, realizou a selegdo dos dentes e das
faces a serem analisadas nas duas modalidades de imagem. Esse mesmo examinador
selecionou os tomogramas que melhor representavam a altura, a profundidade e
largura dos defeitos. Cada tomograma foi selecionado separadamente para cada
distdncia mensurada, pois pontos extremos como a CA e o ponto mais profundo do
defeito podiam se encontrar em cortes tomograficos distintos.

Antes da realizacdo das medidas, cada examinador realizava a calibragdo das
imagens, convertendo-as de pixels para milimetros. Para a calibragdo, foram utilizadas
as dimensdes do filme radiografico de 30 mm X 40 mm e do tomograma impresso, de
30 mm X 40 mm.

A interpretacao era realizada em ambiente silencioso e escurecido, utilizando um
monitor de 17 polegadas, com 1280 X 1024 de resolugdo da tela. As imagens foram
analisadas em momentos distintos, seguindo os sitios previamente estabelecidos para
a realizagéo das medidas, caracterizando assim, um estudo cego dos resultados entre

0os examinadores. Inicialmente todos os sitios foram mensurados nas radiografias
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periapicais e em outro momento nas TCV, ambos com auxilio da ferramenta régua
presente no software Image Tool (University of Texas Health Science Center, San
Antonio, Texas, Estados Unidos da América). Esse mesmo software permitia o ajuste
de contraste e brilho das imagens conforme a acuidade e preferéncia individual de

cada examinador.

4.6.1- Identificacao do padrao da perda 6ssea
Cada examinador buscava identificar, nos dois tipos de imagem, o padrao da perda
ossea, se horizontal ou vertical. Quando a CA apresentava perda em altura, com a
margem oOssea relativamente perpendicular a superficie dentaria, identificava-se como
perda éssea horizontal. Quando a perda da CA ocorria em dire¢ao obliqua, com a base
localizada apicalmente em relagdo ao osso circundante, identificava-se como defeito

o0sseo vertical.

4.6.2- Realizacao das Medidas Lineares

ApOs a calibragdo em milimetros, as medidas lineares foram realizadas
baseando-se no método proposto por Misch et al. (2006) (Figura 1). Trés medidas
foram realizadas para a avaliagdo dos sitios: a altura da crista, mensurada da JCE a
CA,; a altura do defeito, mensurada da JCE ao fundo do defeito e a largura do defeito,

mensurada da CA a raiz adjacente ao defeito
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Figura 1 — Mensuragdes das distancias: altura do defeito (A); altura da crista (B) e largura
do defeito (C) (de: Misch, Yi, Sarment, J Periodontol, 2006).
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4.6.2.1- Mensuracoes nas radiografias periapicais

As mensuragdes foram realizadas nas faces mesial e distal, considerando a
distancia da JCE a CA e a distancia da JCE ao ponto mais fundo do defeito (Figuras 2A
e 2B). Quando visivel, a largura do defeito também era mensurada tragcando-se uma
linha perpendicular que unia a raiz do dente ao ponto mais alto da crista do defeito

(Figura 2C).

Figuras 2A, 2B e 2C - Radiografias periapicais — analise da distancia da JCE a CA na face
mesial do dente 22 (A) e da JCE ao fundo do defeito (B) e da largura do defeito (C) na face

mesial do dente 47.

4.6.2.2- Mensuracoes nos tomogramas longitudinais e transversais

Nas imagens tomograficas longitudinais, as mensuragdes foram realizadas nas
faces mesial e distal, considerando a distancia da JCE a CA e a distancia da JCE ao
ponto mais fundo do defeito (Figuras 3A e 3B). Quando visivel, a largura do defeito

também era mensurada, tragando-se uma linha perpendicular unindo a raiz do dente a
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crista do defeito (Figura 3C). A distancia da JCE a CA era mensurada nas faces

vestibular e lingual/palatina nos tomogramas transversais (Figura 4).

Figura 3 — Tomogramas longitudinais - medida da distancia da JCE a CA na face mesial do dente
22 (A) e da JCE ao fundo do defeito (B) e da largura do defeito (C) na face distal do dente 27 (em

branco).

Figura 4 - Tomogramas transversais - medidas da distancia da JCE a CA (em branco) realizadas

nas faces, vestibular (A) e palatina (A e B).
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4.6.3- Identificacao dos defeitos 6sseos combinados

Os cortes axiais foram utilizados para verificacdo da presenca de defeitos 6sseos
combinados Os trés examinadores, separadamente, realizaram avaliagao dindmica das
imagens axiais. Inicialmente, cada dente era posicionado com o seu longo eixo
perpendicular ao plano horizontal. Com o cursor, movimentava-se a barra de rolagem
ao longo de toda a raiz, desde o apice até a regido cervical, atingindo a JCE. Os
defeitos 6sseos combinados eram identificados segundo a classificacédo de Goldman &
Cohen (1958)" em quatro possibilidades de combinagao (Figura 5):

e Trés paredes apicais e duas paredes cervicais remanescentes;

e Trés, duas e uma parede cervical remanescente;

e Duas paredes apicais e uma parede cervical remanescente;

e Trés paredes apicais e uma parede cervical remanescente.

Figura 5 - Tomogramas axiais ilustrando a presenca de defeito 6sseo combinado na face

mesial do dente 14. A) corte na regido mais apical sem evidéncia de defeito; B) presencga do
defeito em diregao cervical, com trés paredes remanescentes e C) progressao do defeito em

direcao cervical, com apenas uma parede remanescente.
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4.7- Erro do método

Com o objetivo de avaliar o erro do método, apos 30 dias de intervalo, foi realizada
uma segunda avaliagdo de todas as imagens empregadas nesta pesquisa pelo
examinador 2. Os mesmos parametros adotados para a primeira analise foram

utilizados.

4.8- Tratamento estatistico e interpretacao dos dados

Nesse estudo a TCV foi utilizada como padrdo de referéncia para avaliar a
sensibilidade e especificidade da radiografia periapical convencional na avaliagédo da
perda éssea alveolar. Para o tratamento estatistico foram utilizados os softwares
Biostat 4.0 (Sociedade Civii de Mamiraua / MCTCNPq, Brasil) e o pacote
computacional SPSS for Windows (versdo 18.0), assumindo para todos os testes um
nivel de significancia de 5% (a=0,05).

Para avaliar a concordancia intra e inter-examinadores foi utilizado o teste
Kruskal-Wallis e para comparagao das medidas entre os dois métodos de diagndstico,

foram utilizados os Testes de Kolmogorov-Smirnov e o de Mann-Whitney.
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Abstract

Interproximal and periapical radiographs are most suited to periodontal evaluation, but are
limited when it comes to diagnosis of bone condition. The aim of this study was to compare
periapical radiographs and cone beam computed tomography (CBCT) imaging in detecting and
localizing alveolar bone loss, by comparing linear measurements of the height, depth and width
of the defects and identifying combined bone defects in tomographic images. The images were
selected from a secondary database containing images of patients referred for periodontal
evaluation. The sample consisted of 51 sites showing both horizontal and vertical bone loss,
assessed by three previously-trained examiners. The results showed that there were no
statistically significant differences between the imaging methods compared in terms of
identification of the pattern of bone loss. However, there were differences between the two
methods when the distance between the cementoenamel junction (CEJ) and the alveolar crest
(AC) was measured. When the distance between the CEJ and the deepest point and the width of
the defect were measured, the methods showed no statistically significant difference. In this
study, 30.77% of the 39 teeth evaluated had combined bone defects. It was concluded that the
two methods differ when detecting the height of the alveolar bone crest, but present similar
views of the depth and width of bone defects. CBCT was the only method that allowed for an
analysis of the buccal and lingual/palatal surfaces and an improved visualization of the

morphology of the defect.

Key words: Diagnosis, Tomography, Radiology, Alveolar bone loss
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INTRODUCTION

Correct assessment of the bone condition is essential for the diagnosis, treatment planning
and prognosis of periodontal disease'. Information derived from probing the gingival tissues in
association with diagnostic imaging provides guidelines for assessing the alveolar bone height
and checking for the presence of vertical bone defects”. Radiographs provide information for
the detection and measurement of changes brought about by periodontopathy*’ and in addition
make it possible to distinguish the pattern of bone resorption’.

Among two-dimensional radiographic diagnosis methods, bitewing and periapical
radiographs are the most suitable because they are easily acquired, cheap and provide high-
resolution images™’. However, these methods are limited by overlapping anatomical structures™’,
difficulty in standardization™® and by underestimating the size and occurrence of bone defects'.
Digital images, besides improving diagnostic interpretation'® are also two-dimensional images.

Cone beam computed tomography (CBCT) is still underused for periodontal diagnosis.
Researches comparing the use of three-dimensional volumetric images and bi-dimensional
images*”'" in artificial bone defects have shown that CBCT has a sensitivity of 80-100% in the
detection and classification of bone defects, while intraoral radiographs present a sensitivity of
63-67% *>''. When compared with periapical and panoramic images**'"'*, CBCT has also
shown an absence of distortion and overlapping and the dimensions it presents are compatible
with the actual size.

The perception of images acquired with cone beam computed tomography in the
evaluation of alveolar bone loss and periodontal bone defects could lead to a new approach in the

evaluation of patients with periodontal disease, and prove to be an excellent resource when

deciding on the most appropriate therapy. The aim of this study was to compare cone beam
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computed tomography and periapical radiographs when detecting and localizing alveolar bone
loss, when carrying out linear measurements of the height, depth and width of defects and

identifying combined bone defects in tomographic images.

METHODS
This research was conducted in a secondary database with approval from the Research

Ethics Committee.

Radiographic exams

This cross-sectional study used images belonging to the database of a private dental
radiology clinic between July 2008 and April 2009. The periapical radiographs had been
previously obtained using a Spectro 70X Seletronic Dental X-ray machine” with 70 kV, 8 mA
and exposure time in accordance with the region imaged; an X-ray Kodak Insight film" was used.
The conventional periapical radiographs were later digitized.

CBCT images were obtained using an i-CAT cone-beam CT scanner®, with 120 kV and
36.12 mA and an exposure time of 40 seconds. The field of view was 6 cm and the voxel size 0.2
x 0.2 x 0.2 mm. The images were generated in the DICOM format, processed by Xoran Cat
software, version 3.1.62, in an IntelR Pentium computer (R) D CPU 340GHz, 335GB of RAM,
Microsoft Windows XP Professional SP-2 program® and analyzed by axial, cross-sectional and

sagital reconstructions with a cutting interval of 1 mm.

" Dabi Atlante, Brazil.
" Eastman Kodak Co, Rochester, NY

i Imaging Sciences International, Hatfield, PA, US.
3 Microsoft Corp., Redmond, WA.
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Sample

A dental radiology specialist with 14 years professional experience selected the images,
following these inclusion criteria: good image quality, defined as medium density and contrast,
centralization of the region assessed and visualization of the CEJ. Sample images which
presented interproximal overlap in periapical radiography, teeth with metallic restorations and
those which had coronary destruction compromising the CEJ were excluded.

From a database with 1485 images, periapical and tomographic images of 21 adult
patients, who had been referred for a radiographic evaluation of periodontal disease, were
selected, giving a total of 218 teeth. A total of 179 teeth which presented with a compromised
CEJ were excluded from the sample. Consequently, the sample consisted of 39 teeth from 11

adult patients of both genders, aged between 39 and 66.

Imaging evaluation

The images were analyzed by three examiners: Examiner 1 — a radiologist with 2 years
professional experience and Examiners 2 and 3 — master students in oral radiology. Examiners
had been previously trained using 20 images not included in the study.

Examiner 2 selected the teeth and surfaces to be analyzed in both imaging modalities.
Each tomogram was selected separately for each distance measured, since endpoints, such as the
AC, and the deepest point of the defect could be viewed in different slices. Before measuring,
each examiner converted the images from pixels into millimeters, using the real dimensions of
the radiographic film and printed tomogram.

The interpretation was carried out in a quiet darkroom, using a 17-inch monitor with 1280

x 1024 screen resolution. The images were analyzed at different times, thereby characterizing a
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blind study of the results. The sites were measured first on periapical radiographs and later on
CBCT, with the help of the ruler in the Image Tool software', based on the method proposed by
Misch et al. (2006). Three measurements were performed for each site: the height of the AC,
measured from the CEJ to the AC; the depth of the defect, measured from the CEJ to the bottom
of the defect; and the width of the defect, measured from the highest point of the AC to the
dental root adjacent to the defect (Figures 1 and 2). The distance from the CEJ to the AC was
also measured in the buccal and lingual/palatal surfaces in cross-sectional tomograms.

Each examiner identified the pattern of bone loss, whether horizontal or vertical in both
types of image. The axial slices were used to verify the presence of combined bone defects
(Figure 3), identified according to the classification of Goldman & Cohen (1958)'*. After a 30-
day interval, a second evaluation of all the images used in this study was conducted by Examiner

2 to prove the reproducibility of the method.

Statistical analysis

CBCT was used as a reference to evaluate the sensitivity and specificity of the
conventional periapical radiograph in evaluating alveolar bone loss. The Biostat! 4.0 software
and the SPSS software for Windows (version 18.0) were used, assuming a significance level of
5% (0=0.05) for all tests. To evaluate the intra and inter-examiner concordance, the Kruskal-
Wallis test was used, and for comparing the two diagnostic methods the Kolmogorov-Smirnov

and Mann-Whitney tests were used.

“ University of Texas Health Science Center, San Antonio, Texas, US.

¥ Civil Society Mamiraua / MCTCNPq, Brazil
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RESULTS

In order to classify the presence of alveolar bone loss, a distance of 3 mm from the CEJ to
the AC was used as the parameter of normality following Wong’s study'”. The 39 teeth showed
51 sites containing 36 horizontal and 15 vertical bone losses.

The result of the Kruskal-Wallis test for comparison between the measurements made by
the 3 examiners showed a value of p> 0.05, indicating a similarity between the intra- and inter-
scores for data collected by the examiners.

There were no statistically significant differences in terms of the identification of the
pattern of alveolar bone loss in either imaging modality. Examiners 1 and 2 were in agreement in
100% of the cases and differed from examiner 3 in 1.93% of the cases.

A statistical difference (p <0.05) was only seen between the measurements of the distance
from the CEJ to the AC (Figure 4), with an average of 3.78 mm for measurements taken in
periapical radiography and 4.13 mm for CBCT images. When comparing the distance between
the CEJ to the deepest point and the width of the defect, this study showed p values > 0.05,
indicating that there were no statistically significant differences between these two measures in
either method. All the results described above can be seen in Table 1.

Measurements of the buccal and palatal/lingual surfaces in cross-sectional tomograms
were not compared with the periapical images due to the limitations of the latter. So we
evaluated the agreement of the absolute measurements made between the three examiners,
finding values of p <0.05 and showing that the cross-sectional slices allow for the assessment of
bone loss in both buccal and lingual/palatal surfaces.

Of the 39 teeth evaluated in the axial slices, 27 (69.23%) show no combined defects.

According to the classification proposed by Goldman & Cohen (1958)'* 12 teeth (30.77%)
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presented combined defects with: 1) 3 apical and 2 cervical walls remaining in 7.69% of the
teeth; 2) 3, 2 and 1 cervical wall remaining in 15.38% of the teeth; 3) 2 apical and 1 cervical wall
remaining in 5.13% of the teeth; 4) 3 apical and no cervical wall remaining in 2.56% of the teeth.
Examiners 1, 2 and 3 were in agreement in 100% of the cases.

A calculation of the ROC curve (Figure 5) was carried out setting the CBCT as a
reference in order to evaluate the role of periapical radiography in terms of sensitivity and
specificity. The area below the graph indicated how accurate the periapical images were in
relation to CBCT, showing sensitivity in 56.6% of the cases, and presenting statistical
significance (p <0.05). However, the significance of this 56.6% was 0.044, which is very close to

0.05.

DISCUSSION

Although many studies have been undertaken to show the accuracy of imaging methods
in the assessment of alveolar bone loss, an accurate diagnosis of bone loss in periodontal disease
still remains a challenge for clinical dentistry. Studies comparing two- and three-dimensional
imaging methods used in the diagnosis of periodontal disease are carried out mainly in macerated
skulls and different criteria are adopted for comparison™**'".

In the literature there are wide variations for normal bone height in relation to the CEJ,
ranging from 1 to 3 mm®'>'>'®"7 Although a distance of 2 mm is more widely adopted in
studies of patients without periodontal disease °. In young adults, the mean alveolar bone height
in relation to the JCE is 1.4 mm (£ 0.7) and for people over 45 years this average is extended to 3

mm (+ 1.5) '®. As the images were obtained from live people with a mean age of 48 years, a

measure greater than 3 mm between the CEJ and the AC, indicating the presence of periodontal
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bone loss, was adopted for this study. In a study to evaluate the accuracy of CBCT for detecting
and quantifying periodontal bone defects, Mol and Balasundaram (2007)® defined a distance
equal to or greater than 3 mm for vertical bone defects. The same distance was adopted by
Grimard et al. (2009)"’ to compare intraoral radiographs and CBCT in the assessment of bone
gain after regenerative therapy.

In cases where a three-dimensional analysis is required, the use of CBCT is justified by
the fact that the radiation dose to the patient is relatively less when compared with that of the

20,21

traditional CT or multislice-CT ***. Furthermore, the accuracy of this type of CT is more

8912 The effective radiation dose of dental

representative for dental®* and periodontal structures
CT varies according to the brand of the appliance and the technical specifications selected during
use (field of view, exposure time, kilovoltage and milliamperage)”. When compared to
conventional radiography, the CBCT radiation dose is equivalent to a full-mouth series and
approximately 3 to 7 times the dose of a panoramic radiograph®® depending on the setting in use.
On the other hand, when compared to conventional radiography, computed tomography has far
greater potential for providing information.

The quality of images obtained by CBCT depends on acquisition parameters, such as
milliamperage, kilovoltage®®*’ and voxel size®*’ . In order to view the periodontal structures
which are important when establishing the diagnosis of periodontal disease, such as the
periodontal ligament space, cortical bone, AC and alveolar cortical plate, images with better
definition are needed and hence a smaller voxel size”*’ consequently raising milliamperage and
kilovoltage values. The voxel size used in this study was 0.2 mm, similar to that used by Grimard

et al. (2009)"° which allowed for optimal image definition. However, other studies such as those

of Misch et al. (2006)° and Vandenberghe et al. (2008)"" used a 0.4 mm voxel size. The selection
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of the technical parameters of the image should be a balance between the need for image
resolution and the use of a minimum amount of radiation.

When comparing the measurements of the distance between the CEJ and the AC, it was
seen that the methods were statistically different from each other with an average of 3.78 mm for
measurements taken in periapical radiography and 4.13 mm for the CBCT images. These are in
agreement with the study of Mol and Balasundaram (2008)® in human skulls, which showed that
the measurements of the CBCT were slightly more accurate than those made in conventional
intraoral radiographs. In this study it was not possible to establish the most accurate method
because there was no gold standard for comparison.

When measurements of the distance from the CEJ to the deepest point and the width of
the defect were compared, this study showed p values> 0.05, indicating that there were no
statistically significant differences between the methods. A similar result was reported by Misch
et al. (2006)° who saw no significant differences between measurements taken with a digital
caliper in artificial bone defects and CBCT radiographic and periapical images. These authors
found an average error of 0.27 mm for periapical and 0.41 mm for cross-sectional slices.

Vandenberghe et al. (2008)"" observed that the cross-sectional slices allowed for a better
assessment of periodontal bone levels with an average underestimation of 0.29 mm compared
with 0.56 mm in periapical digital radiographs. These results are different from those of this
study and also from those of Misch et al. (2006)° probably due to the different CBCT protocols
used, such as the ranges of slices, and the size of the voxel. Other studies with similar
parameters, in addition to clinical validation and/or surgery, should be performed in order to

make a better comparison between the methods.
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Axial slices made parallel to the occlusal plane allow for better visualization of the
morphology of periodontal bone defects'. Knowledge of the morphological component is of
fundamental importance for the therapy and prognosis of periodontally compromised teeth,
seeing that a larger number of remaining walls favors the prognosis of regenerative therapy'®.
The results of this study showed that of the 39 teeth evaluated by axial slices, 12 (30.76%)
presented combined bone defects. This result is lower than that of Grimard et al. (2009)'® who
found combination present in the majority (54%) of a total of 35 bone defects analyzed in their
study.

This study reinforces the fact that while both imaging modalities are useful when
diagnosing bone loss in interproximal surfaces, CBCT offers significant advantages when

detecting and locating vertical bone defects™”''®

thereby facilitating surgical planning.

The results show that a request for CBCT is justified for the periodontal surgical planning
of patients with severe periodontal disease, such as, aggressive periodontitis, and especially for
regenerative or mucogingival surgical planning, because these surgical procedures are costly and
difficult to plan. It is worth emphasizing that periapical radiographs result in lower radiation
doses to the patient and are less costly and should be indicated for simpler cases. So information
acquired from the clinical examination is of vital importance when choosing the most
appropriate method for diagnosing periodontal disease.

Studies to assess the accuracy of these methods when used with live people could further
clarify the precise indication of the different imaging methods, by approximating the actual

clinical conditions and thereby establish the advantages and disadvantages of the available

diagnostic methods.
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It was concluded that the two methods differ as to the measurement of the height of the

alveolar bone crest, but perform similarly when detecting and measuring the depth and width of

periodontal bone defects. The CBCT allowed for the identification of combined bone defects

through a three-dimensional evaluation of the alveolar bone crest.
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FIGURE LEGENDS

Figure 1 - Periapical radiograph illustrating the distances: A) from the CEJ to the AC in the
mesial surface of tooth 22, B) from the CEJ to the bottom of the defect and C) the width of the

defect on the mesial surface of tooth 47 (white lines).

Figure 2 - Sagital tomograms showing the measurements of the distances: A) from the CEJ to
the AC in the mesial surface of tooth 22, B) from the CEJ to the bottom of the defect and C) the

width of the defect in the distal surface of tooth 27 (white lines).

Figure 3 - Axial tomograms illustrating the presence of combined bone defects in the mesial

surface of tooth 14. A) No evidence of defect B) defect with three walls remaining and C)

progression of the defect in cervical direction with one wall remaining.

Figure 4 - Graphical representation of the mean (mm) and standard deviation (mm) for the

distance from the CEJ to the AC in periapical and CBCT images, for each examiner.

Figure 5 - ROC curve showing the role of the periapical radiograph when compared to the

CBCT.
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Table 1 — Mean (mm) of linear measurements of the height, depth and width of defects,

according to the 3 examiners in both methods.

Examiner 1 Examiner 2 Examiner 3 p*
p CBCT P CBCT p CBCT
height of the AC 3,71 4,16 3.84 4.06 379 3.05 0.04
depth of the 6.57 527 658 563 6,04 515 0.28
defect
width of the 175 119 183 119 156 1,06 0.66
defect

P = Periapical, CBCT = Cone-beam Computed Tomography, AC = Alveolar Crest
* Mann-Whitney test
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APENDICE A

Comparacao da medida JCE a crista 6ssea alveolar nas imagens periapicais e

tomograficas:
PACIENTE DENTE EXAMINADOR PERIAPICAL TOMOGRAFIA
EXAM.1 3,34 3,17
AGBVS 12M EXAM.2 3,77 3,5
EXAM.3 3,03 2,36
EXAM.1 3,93 4,44
AGBVS 22M EXAM.2 4,37 3,23
EXAM.3 4 4,2
EXAM.1 3,26 3,96
AGBVS 22D EXAM.2 3,69 3,1
EXAM.3 3,42 3,3
EXAM.1 2,67 4,96
AGBVS 16M EXAM.2 2,44 4
EXAM.3 2,78 3,93
EXAM.1 3,58 4,41
AGBVS 27D EXAM.2 3,63 4,44
EXAM.3 3,83 4,56
EXAM.1 3,56 7,93
MCA 13M EXAM.2 4,24 5,95
EXAM.3 4,4 4,45
EXAM.1 6,07 5,47
MCA 21D EXAM.2 5,81 5,28
EXAM.3 4,41 5,32
EXAM.1 9,06 8,67
MCA 23M EXAM.2 9,05 8,69
EXAM.3 8,53 1,84
EXAM.1 4,44 5,52
LFG 22D EXAM.2 4,44 4,49
EXAM.3 4,27 5,16
EXAM.1 10,19 10,02
LSF 41M EXAM.2 10,03 10,07
EXAM.3 9,94 10,29
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EXAM.1 7,19 8,55
LSF 41D EXAM.2 7,32 8,68
EXAM.3 7,43 8,97
EXAM.1 7,49 7,9
LSF 42M EXAM.2 7,87 7,98
EXAM.3 7,6 7,91
EXAM.1 9,48 8,91
LSF 31M EXAM.2 9,32 8,98
EXAM.3 9,3 8,8
EXAM.1 4,36 5,45
LSF 31D EXAM.2 4,45 6,79
EXAM.3 4,77 5,6
EXAM.1 4,21 4,7
LSF 32M EXAM.2 3,97 4,6
EXAM.3 3,59 4,62
EXAM.1 3,11 2,55
LSF 34M EXAM.2 3,15 3,34
EXAM.3 3,16 3,44
EXAM.1 2,19 2,58
LSF 34D EXAM.2 2,47 2,38
EXAM.3 2,25 2,81
EXAM.1 2,6 2,93
LSF 35M EXAM.2 2,59 3,09
EXAM.3 2,74 2,31
EXAM.1 2,12 2,38
LSF 35D EXAM.2 2,46 2,38
EXAM.3 2,52 2,81
EXAM.1 3,59 3
LSF 46D EXAM.2 3,36 3,39
EXAM.3 3,19 2,89
EXAM.1 2,99 3,18
LPC 45D EXAM.2 3,23 3,87
EXAM.3 3,24 4,05
EXAM.1 1,76 2,25
LPC 44M EXAM.2 1,73 2,25
EXAM.3 2,12 2,74
EXAM.1 2,78 1,91
LPC 43D EXAM.2 2,79 1,91
EXAM.3 2,73 1,73
pc oM EXAM.1 2,5 2,87
EXAM.2 2,68 3,41
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EXAM.3 31 2,74
EXAM.1 2,1 2,53
LPC 42D EXAM.2 2,36 2,69
EXAM.3 2,69 2,5
EXAM.1 5,94 5,03
LPC 23M EXAM.2 5,86 4,88
EXAM.3 5,84 8,97
EXAM.1 3,56 4,03
GAB 41M EXAM.2 2,62 3,85
EXAM.3 3,23 4
EXAM.1 2,67 2,04
GAB 42M EXAM.2 2,83 2,22
EXAM.3 3,56 2,32
EXAM.1 2,46 3,83
GAB 42D EXAM.2 2,86 3,24
EXAM.3 2,45 3,54
EXAM.1 3,13 4,08
GAB 31M EXAM.2 2,7 3,5
EXAM.3 2,67 4,06
EXAM.1 2,53 4,38
GAB 31D EXAM.2 2,8 3,68
EXAM.3 2,51 4,21
EXAM.1 3,26 3,11
GAB 32D EXAM.2 3,18 3,12
EXAM.3 3,42 3
EXAM.1 2,09 2,94
GAB 33M EXAM.2 2,01 2,62
EXAM.3 2,17 2,88
EXAM.1 3,43 3,01
GAB 34D EXAM.2 3,93 2,79
EXAM.3 3,84 3,11
EXAM.1 1,23 0,87
GAB 37M EXAM.2 1,23 0,85
EXAM.3 1,2 0,91
EXAM.1 2,85 3,05
T™MB 12M EXAM.2 3,44 3,09
EXAM.3 2,26 3
EXAM.1 3,01 3,95
T™MB 12D EXAM.2 3,31 3,97
EXAM.3 2,38 3,87
LNE 45D EXAM.1 3,23 3,7
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EXAM.2 3,45 3,73

EXAM.3 2,45 3,73

EXAM.1 4,54 5,91

LNE 41M EXAM.2 5,22 6,23

EXAM.3 5,35 5,9

EXAM.1 4,73 5,77

LNE 41D EXAM.2 5,02 6,07

EXAM.3 5,48 5,7

EXAM.1 3,1 5,25

LNE 42M EXAM.2 2,72 5,61

EXAM.3 3,08 5,19

EXAM.1 4,54 3,92

LNE 31M EXAM.2 6,48 4,08

EXAM.3 5,45 3,78

EXAM.1 4,7 5,68

LNE 31D EXAM.2 5,47 5,4

EXAM.3 5,35 5,54

EXAM.1 3,87 5,23

LNE 32M EXAM.2 3,74 5,32

EXAM.3 4,25 5,3

EXAM.1 1,32 1,18

LNE 37M EXAM.2 1,37 1,18

EXAM.3 1,35 1,18

EXAM.1 1,62 3,58

VFD 33D EXAM.2 1,77 3,41
EXAM.3 2,25 3

EXAM.1 0,86 2,17

VFD 34M EXAM.2 0,81 2,1

EXAM.3 1,45 1,2

EXAM.1 3,05 3,22

VFD 34D EXAM.2 3,06 2,98

EXAM.3 3,11 2,9

EXAM.1 3,18 4,81

AFB 12D EXAM.2 3,77 4,11

EXAM.3 4,09 4,09

EXAM.1 41 3,74

AFB 12M EXAM.2 3,93 3,25

EXAM.3 4,51 3,15

EXAM.1 2,94 2,81

MMA 44M EXAM.2 2,79 3,25

EXAM.3 2,78 3,15
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MMA

45D

EXAM.1 2,16 2,29
EXAM.2 2,16 2,22
EXAM.3 2,38 2,04
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APENDICE B

Comparacédo da medida JCE ao fundo do defeito nas imagens periapicais e
tomograficas (0 numero 0 representa imagens cuja a perda O6ssea apresentava o

padrao horizontal):

PACIENTE DENTE EXAMINADOR PERIAPICAL TOMOGRAFIA

EXAM.1 0 0
AGBVS 12M EXAM.2 0 0
EXAM.3 0 0
EXAM.1 0 0
AGBVS 22M EXAM.2 0 0
EXAM.3 0 0
EXAM.1 0 0
AGBVS 22D EXAM.2 0 0
EXAM.3 0 0
EXAM.1 4,92 0
AGBVS 16M EXAM.2 4,46 0
EXAM.3 4,45 0

EXAM.1 8,07 6,73

AGBVS 27D EXAM.2 8,19 6,87

EXAM.3 8,04 6,05
EXAM.1 0 0
MCA 13M EXAM.2 0 0
EXAM.3 0 0
EXAM.1 0 0
MCA 21D EXAM.2 0 0
EXAM.3 0 0
EXAM.1 9,61 0
MCA 23M EXAM.2 9,89 0
EXAM.3 9,5 0
EXAM.1 0 0
LFG 22D EXAM.2 0 0
EXAM.3 0 0
LSF 41M EXAM.1 0 0
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EXAM.2 0 0
EXAM.3 0 0
EXAM.1 8,55 0
LSF 41D EXAM.2 8,27 0
EXAM.3 8,38 0
EXAM.1 9,91 12,07
LSF 42M EXAM.2 9,35 12,43
EXAM.3 9,86 12,07
EXAM.1 11,06 0
LSF 31M EXAM.2 10,75 0
EXAM.3 11,06 0
EXAM.1 0 0
LSF 31D EXAM.2 0 0
EXAM.3 0 0
EXAM.1 5,05 5,44
LSF 32M EXAM.2 5,48 5,85
EXAM.3 4,53 4,64
EXAM.1 0 0
LSF 34M EXAM.2 0 0
EXAM.3 0 0
EXAM.1 0 0
LSF 34D EXAM.2 0 0
EXAM.3 0 0
EXAM.1 0 0
LSF 35M EXAM.2 0 0
EXAM.3 0 0
EXAM.1 0 0
LSF 35D EXAM.2 0 0
EXAM.3 0 0
EXAM.1 0 0
LSF 46D EXAM.2 0 0
EXAM.3 0 0
EXAM.1 0 0
LPC 45D EXAM.2 0 0
EXAM.3 0 0
EXAM.1 3,18 4,09
LPC 44M EXAM.2 3,2 4,91
EXAM.3 3,07 3,86
EXAM.1 0 0
LPC 43D EXAM.2 0 0
EXAM.3 0 0
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31D
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EXAM.3 0 3,74
EXAM.1 0 0
LNE 45D EXAM.2 0 0
EXAM.3 0 0
EXAM.1 5,79 7,45
LNE 41M EXAM.2 6,24 7,2
EXAM.3 6,15 6,9
EXAM.1 7,57 7,05
LNE 41D EXAM.2 7,87 7,99
EXAM.3 7,52 7
EXAM.1 4,94 0
LNE 42M EXAM.2 4,54 0
EXAM.3 4,6 0
EXAM.1 0 0
LNE 31M EXAM.2 0 0
EXAM.3 0 0
EXAM.1 5,96 6,94
LNE 31D EXAM.2 6,14 7,19
EXAM.3 6,54 6,78
EXAM.1 0 0
LNE 32M EXAM.2 0 0
EXAM.3 0 0
EXAM.1 6,48 4,55
LNE 37M EXAM.2 6,5 4,55
EXAM.3 5,17 4,62
EXAM.1 0 0
VFD 33D EXAM.2 0 0
EXAM.3 0 0
EXAM.1 2,99 3,61
VFD 34M EXAM.2 2,92 3,32
EXAM.3 2,57 2,08
EXAM.1 0 0
VFD 34D EXAM.2 0 0
EXAM.3 0 0
EXAM.1 0 0
AFB 12D EXAM.2 0 0
EXAM.3 0 0
EXAM.1 0 0
AFB 12M EXAM.2 0 0
EXAM.3 0 0
MMA 44M EXAM.1 0 0
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APENDICE C

Comparacao da medida da largura do defeito nas imagens periapicais e tomograficas:

PACIENTE

DENTE

EXAMINADOR

PERIAPICAL

TOMOGRAFIA

AGBVS

12M

EXAM.1

0

EXAM.2

EXAM.3

AGBVS

22M

EXAM.1
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EXAM.2
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EXAM.3 0,6 1,02
EXAM.1 1,17 1,52
LNE 41D EXAM.2 1,89 1,52
EXAM.3 1,17 1,63
EXAM.1 0 0
LNE 42M EXAM.2 0 0
EXAM.3 0 0
EXAM.1 0 0
LNE 31M EXAM.2 0 0
EXAM.3 0 0
EXAM.1 1 0,54
LNE 31D EXAM.2 0,94 0,63
EXAM.3 0,77 0,51
EXAM.1 0 0
LNE 32M EXAM.2 0 0
EXAM.3 0 0
EXAM.1 1,98 1
LNE 37M EXAM.2 2 0,98
EXAM.3 2 0,99
EXAM.1 0 0
VFD 33D EXAM.2 0 0
EXAM.3 0 0
EXAM.1 1,61 0,7
VFD 34M EXAM.2 1,85 0,68
EXAM.3 1,13 0,99
EXAM.1 0 0
VFD 34D EXAM.2 0 0
EXAM.3 0 0
EXAM.1 0 0
AFB 12D EXAM.2 0 0
EXAM.3 0 0
EXAM.1 0 0
AFB 12M EXAM.2 0 0
EXAM.3 0 0
EXAM.1 0 0
MMA 44M EXAM.2 0 0
EXAM.3 0 0
EXAM.1 0 0
MMA 45D EXAM.2 0 0
EXAM.3 0 0
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