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RESUMO

O objetivo deste trabalho foi avaliar e comparar as imagens radiograficas convencionais, em
diferentes tipos de processamento, e digitais na avaliacdo da adaptacdo da protese sobre
implante. Foram criados sete corpos de prova com diversos desajustes entre o intermediario e
a plataforma do implante. A microscopia eletrénica de varredura foi utilizada para comprovar
a desadaptacdo e realizar sua mensuracao. As radiografias foram avaliadas por cinco dentistas
especialistas em Radiologia Odontoldgica e Imaginologia para a deteccdo de desajustes. A
andlise estatistica Kappa de Cohen com ponderacdo linear foi realizada para medicGes de
concordancia inter e intra-examinador e foi utilizada a anélise de ROC (Receiver Operating
Characteristic), com nivel de significancia de p = 0,05. A analise inter-examinador apresentou
valor de kappa igual a 0,74, enquanto o valor médio de Kappa na avaliacao intra-examinador
foi de 0,90. A imagem digital apresentou a maior area no gréfico de ROC e a imagem
radiografica convencional, com revelacdo manual, a menor area. As imagens obtidas com as
radiografias convencionais, tanto no processamento manual quanto no automatico,
apresentaram diferenca estatisticamente significativa com o real (p <0,05). Concluiu-se que 0s
sistemas convencionais de imagem radiogréafica ndo fornecem informagdes suficientes para

avaliar a adaptacdo da protese sobre o implante.

Palavras-chave: Prétese dentaria fixada por implantes. Falha da protese. Radiografia dentaria

digital.



ABSTRACT

The purpose of this paper was to evaluate and compare conventional, in different types of
processing, and digital radiographic images on the assessment the adaption prosthesis over
implant adaptation. Seven test specimens were made with several maladjustments between the
intermediate and platform of the implant. A scanning electron microscope was used to prove
the misadaptation and perform its mensuration. The radiographs were evaluated by five
dentists specialized in Dental Radiology and Imaging for maladjustment detection. Cohen’s
Kappa statistical analysis with linear weighting was performed inter and intra-examiner for
measures of concordance and ROC analysis (Receiver Operating Characteristic) was used,
with significance level of p = 0,05. The inter-examiner analysis showed the kappa value as
being equal to 0,74, whereas the average kappa value in the intra-examiner evaluation was
0,90. The digital image showed the biggest area on the ROC graph and the conventional
images, with manual development, the smallest area. The images obtained through
conventional radiographs, both on manual processing and automatic, showed statistically
significant differences from the real one (p <0,05). We concluded that the conventional
systems of radiograph imaging do not provide sufficient information to evaluate the prosthesis

over implant adaptation.

Keywords: Dental prosthesis fixed by implants. Prosthesis failure. Digital dental radiograph.
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1 INTRODUCAO

Os implantes osseointegrados ndo possuem os tecidos periodontais de um dente
natural que permitem compensar pequenos erros de relacionamento entre a prétese e o
elemento pilar, isto leva a necessidade de um critério de fabricacdo mais preciso (BRUNSKI;
SKALAK, 1998).

Quando se consegue correta adaptacdo entre a estrutura prétese-implante, as
referéncias anatomofuncionais periféricas, importantes na osseointegracdo, ficam estaveis e
saudaveis, permitindo longevidade do sistema. De forma oposta, quando ocorre a
desadaptacdo, falhas mecénicas e biologicas podem comprometer todo o sistema. Varios sdo
os exemplos de comprometimento mecanico, a ma distribuicdo de forcas, o afrouxamento e
fratura de parafusos protéticos. Quanto as falhas bioldgicas, pode-se citar a perda 6ssea
marginal acelerada, as reagOes teciduais adversas, a sensibilidade, dor e o fracasso da
osseointegracdo (KAN et al., 1999).

A desadaptacdo ou adaptacdo ndo passiva € de causa multifatorial, podendo ocorrer
em qualquer etapa da fabricacdo do elemento protético. Varios fatores influenciam o resultado
final da adaptacdo, como a técnica de moldagem, os materiais utilizados (distor¢des), os
distintos processos de fabricacdo das estruturas metalicas, o tipo de soldagem, a coccdo da
porcelana, o desenho da plataforma (conexao interna ou externa), a experiéncia profissional e
as técnicas e os critérios de avaliacdo da passividade (DINATO; WULFF; BIANCHINI,
2001; HAMATA et al.,, 2005). Segundo Kan et al. (1999), para tentar minimizar a
desadaptacdo deve-se, durante a confeccdo da protese, procurar técnicas de moldagem que
produzam menor distor¢do, construir gabaritos que garantam o reposicionamento correto dos
componentes entre modelo e boca, realizar estruturas metalicas fundidas separadas em se¢oes
para obtencdo de soldas e modelos mestre de referéncia. Segundo Branemark (1983), uma
prétese para assegurar um estimulo de remodelacdo Ossea adequado, deve apresentar
desadaptacdo de até 10 um.

E praticamente impossivel se obter uma protese absolutamente adaptada dentro do
limite de 10 um, preconizado por Branemark (1983). N&o existe na literatura um consenso
sobre o nivel de adaptacdo aceitavel e a relagdo entre a 0 grau de desadaptacdo e seus efeitos
bioldgicos adversos. As avaliagdes clinicas de adaptacdo sdo subjetivas e dependem da
experiéncia e do bom senso do profissional (HAMATA et al., 2005). As avaliagdes séo
subjetivas por ndo existir um protocolo claro sobre o que é aceitavel ou ndo em termos de

desadaptacdo, pelo fato de estar lidando com medigdes na ordem de micrometros e de
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existirem Vvérias técnicas que dependem da interpretacdo, sensibilidade e habilidade do
cirurgido-dentista (HAMATA et al., 2005).

Para avaliacdo desta adaptacéo sdo utilizadas as radiografias, o aperto de apenas um
parafuso (usado em proteses multiplas), a sondagem, o relato do paciente quanto a
sensibilidade, visualizagdo direta e indireta (utilizando fotografias) e assentamento manual
(pressdo digital) (HAMATA et al., 2005). No laboratério (in vitro), pode-se utilizar a
radiografia, a microscopia eletrénica de varredura, a microscopia optica, a microscopia de
varredura a laser ou as abordagens tedricas através do modelo de elemento finito (COELHO
et al., 2008). Konermann et al. (2010) consideram que a andlise tatil sozinha ndo é
suficientemente precisa, assim, o uso da radiografia somado a experiéncia clinica do
cirurgido-dentista gera adequada gestao de defeitos de restauracéo.

Assim, ndo existe ainda consenso na literatura para se definir qual seria o nivel de
ajuste aceitavel (SIMAMOTO JUNIOR et al., 2008). Ao longo do tempo muitos autores
publicaram trabalhos tentando definir o que era uma desadaptacdo aceitavel. Klineberg e
Murray, em 1985, publicaram um artigo em que foi sugerido que desadaptacGes superiores a
30 wum em mais de 10 % do perimetro da interface pilar/implante seriam inaceitaveis. Jemt &
Book, em 1996, ja sugeriu que desajustes superiores a 150 um eram inaceitaveis. Embora
sendo altamente citados em trabalhos, estes valores sdo de origem empirica (KAN et al.,
1999). Segundo Hamata et al. (2005), mesmo que fosse estabelecido um nivel clinico
aceitavel, seria dificil ou mesmo impossivel sua medicéo, na ordem de micrometros, durante a
rotina clinica.

As radiografias também sdo usadas, de forma usual, para verificar a adaptacdo do
componente protético do implante quando a interface implante/intermediario ndo é facilmente
visivel, como em restauragdes subgengivais. A radiografia panoramica produz muita distor¢édo
em sua imagem e faz com que a radiografia periapical seja 0 método de escolha para a
obtencdo da imagem da interface implante-pilar (Sharkey et al., 2011).

O sucesso do tratamento protético € alcangado com um planejamento minucioso,
sendo o diagndstico por imagens um dos seus passos mais importantes (VANDENBERGHE;
JACOBS; YANG, 2007). O uso de imagens radiogréaficas para a detec¢do de desadaptacdo
marginal ¢ um desafio devido a sua resolucdo limitada e por serem utilizadas, de forma
comum, somente para avaliar o sucesso ou o fracasso e a estabilidade dos implantes
(COELHO et al., 2008).

Independente do tipo de sistema radiografico (digital ou convencional) que sera

utilizado para verificar uma desadaptacdo € imprescindivel que a radiografia apresente
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qualidade técnica. Isto é, que ndo apresente distor¢des, que reproduza com fidelidade a forma
e o0 tamanho do objeto radiografado, com uma nitidez méxima, rica em detalhes e
apresentando um grau de densidade e contraste medio (ALBUQUERQUE, 2006).

Para a obtencdo da radiografia digital utilizamos o mesmo aparelho de raios X e as
mesmas técnicas radiograficas utilizadas nos sistemas convencionais. A diferenca encontra-se
no uso do sensor digital para sensibilizagdo dos raios X ao inves dos filmes radiograficos e no
modo de producdo da imagem. Enquanto no método convencional a imagem é obtida atraves
de processos quimicos, o método digital converte a energia dos raios X, que sensibilizaram 0s
sensores, em sinais luminosos que séo lidos por um software e transformados em imagem
(ALBUQUERQUE, 2006).

A radiografia digital, quando comparada com a convencional, apresenta varias
vantagens, como menor tempo de exposicdo a radiacdo, reducdo no tempo para obtencdo da
imagem (podendo ser instantdnea a sua obtencdo), eliminacdo da fase quimica (gerando
beneficios ambientais e diminuindo etapas para aquisicdo da imagem), reducdo no nimero de
repeticdes, manipulacdo da imagem por meio de programas proprios, podendo ser ajustado o
brilho e contraste, inversao positivo/negativo, colorizacdo, relevo, zoom, medidas lineares e
angulares, alem destas vantagens deve-se ressaltar a facilidade de armazenamento e envio da
imagem (PASLER, 1999; ALBUQUERQUE, 2006). Como desvantagem, a radiografia digital
apresenta o alto custo financeiro inicial para se obter a estrutura e equipamentos necessarios
(ALBUQUERQUE, 2006).

Assim, pelo fato da desadaptacdo ser um fator de risco para a reabilitacdo com
implantes, a sua detec¢cdo é de fundamental importancia para o sucesso do tratamento com
implantes. Para isso, deve-se saber qual modalidade de imagens radiograficas periapicais

(convencionais ou digitais) € o mais indicado para esta avaliacao.
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2 OBJETIVOS

O objetivo da realizacéo deste trabalho foi avaliar e comparar as imagens radiograficas
convencionais, em diferentes tipos de processamento, e digitais na avaliacdo da adaptacdo da

protese sobre implante.
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3 MATERIAIS E METODOS

3.1 Preparo da amostra

Para realizacdo da presente pesquisa, foi utilizado um modelo em acrilico de
mandibula edéntula (Figura 1), onde foram inseridos cinco implantes, na regido de pré-
molares, da marca Neodent (Titamax Ti Cortical), de plataforma 4.1, com hexagono externo.
Foi instalado um intermediario de titanio antirrotacional, pré-fabricado, usado na clinica para
confec¢do de provisorio, da marca Neodent (Titamax Ti Cortical), em dois implantes. Foi
aplicado um torque de 20 N no parafuso passante de cada intermediério (preconizado pelo
fabricante).

Sete tipos de corpos de prova foram criados: O primeiro sem desadaptacédo (Padréo), o
segundo com um disco de PVC criando a desadaptacdo, o terceiro com dois discos
interpostos, o quarto com trés discos interpostos, 0 quinto com quatro, 0 sexto com cinco e o

sétimo com seis discos.

Figura 1: Modelo de acrilico edéntula com implantes. Note-se, ainda, o sensor CCD.

Fonte: Elaborado pelo autor.

3.2 Aquisi¢ao das imagens

Foram realizadas trés radiografias periapicais para cada corpo de prova, sendo duas
utilizando filmes convencionais e uma utilizando o sensor digital CCD (Charged Coupled

Device), em um total de 21 imagens radiograficas. Para aquisicdo das imagens radiogréficas
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intrabucais, foi utilizado o aparelho radiografico Kodak 2200 Intraoral X-Ray System®
(Carestream Health, Inc.). No método convencional foram utilizados filmes radiogréaficos
Kodak Insight® (Carestream Health, Inc.), tamanho 2 (Figura 2A). No método digital sistema
CCD (Figura 2B), sensor digital Kodak RVG 5100® (Carestream Health, Inc.), tamanho 1. O
modelo em acrilico foi posicionado de forma a permitir aquisicdo de imagens radiograficas
padronizadas, mantendo as distancias fonte de radiacdo — receptor igual a 40 cm. Foi utilizada
uma placa de acrilico de 10 mm de espessura entre a fonte de radiacdo e 0 manequim, com a
intencdo atenuar o feixe de radiacdo, simulando os tecidos mole do paciente. (SOGUR;
BAKS; GRONDAHL, 2007; CALDAS et al., 2010).

Para a técnica radiogréfica foi utilizada angulacdo vertical 0° com os implantes e
horizontal 90°. Para esta padronizacdo, um suporte em acrilico foi confeccionado de forma
que permitia orientar corretamente o cilindro do aparelho radiografico e tivesse uma base para
apoio do modelo com os implantes e um dispositivo fixo para manutencéo do filme/sensor de
imagem. Os fatores de exposi¢do utilizados foram 60 kV, 7mA e o tempo de exposicéo
variou de acordo com o recomendado pelo fabricante para cada método, ou seja, método

convencional 0,454 segundos e método digital CCD 0,143 segundos.

Figura 2: Suporte personalizado para filme convencional (A) e para o sensor de CCD.

Fonte: Elaborado pelo autor.

O processamento dos filmes convencionais foi realizado ap6s a exposicao aos raios X
pelos métodos: sete filmes no processamento manual, utilizando solucBes reveladoras e
fixadoras Kodak® (Carestream Health, Inc.) com temperatura de 25 °C, com tempo de
revelacdo de 3 minutos e fixacdo de 10 minutos, com solugdes novas, e sete filmes em
processadora automatica A/T2000 XR® (Air Techniques), num tempo total de seco a seco de
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cinco minutos com as solucdes reveladoras e fixadoras recém-preparadas Kodak Automixer®
(Carestream Health, Inc.).

Para simulacdo/producdo das desadaptacbes dos implantes, foi confeccionado discos
com filme de PVC especial (ORACAL ® 651 Intermediate Cal) com espessura de 70 um, que
foram colocados entre o intermediério e a plataforma do implante (Figura 3). Um torque de 20
N foi dado em cada ucla. Desta forma, primeiramente foi inserido apenas um disco de PVC e
realizados todos os procedimentos de imagens convencionais e digitais. Na etapa seguinte,
dois discos de PVC foram colocados nesta interface e assim sucessivamente até a colocacgéo
de seis discos de PVC entre a plataforma do implante e o intermediario, sempre realizando as
respectivas imagens radiograficas. Em seguida, a microscopia eletrénica de varredura (MEV)
foi realizada na regido de unido do implante com o intermediario em todos os corpos de

prova.

Figura 3: Discos de filme de PVC especial sobre a plataforma do implante.

el T i O
s

Fonte: Elaborado pelo autor.

3.3 Avaliagéo das imagens

A interpretagdo das imagens radiogréficas foi realizada por 5 cirurgifes dentistas
especialistas em Radiologia Odontolégica e Imaginologia, com vasta experiéncia na
interpretacdo de imagens radiograficas. Para interpretacdo das radiografias convencionais foi
utilizado negatoscopio de luz fria e foi permitido o uso de lupas. A interpretacdo das imagens
digitais foi realizada diretamente no software KDIS - Kodak Dental Imaging Software®
(Carestream Health, Inc.), no formato DICOM (Digital Imaging and Communications in

Medicine), sendo permitido o uso de todos os recursos disponiveis (utilizacdo de filtros,
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zoom, alteragBes de brilho, contraste e gama, além dos recursos negativo e avaliacdo
densitométrica), os quais foram devidamente explicados aos observadores. Foi utilizado
computador com placa grafica GeForce 9500 GT® (Nvidia Corporation) e monitor LED LG
Flatron E2241® (LG Electronics), com resolucado de 1920x1080 pixels e os niveis de brilho e
contraste do monitor fixados em sua configuragdo pré-estabelecida.

Com a finalidade de oferecer as mesmas condigdes aos observadores, todos utilizaram
0S mesmos recursos para avaliacdo das imagens, ou seja, 0 mesmo negatoscépio, mesmo
ambiente, mesmo computador e monitor. As radiografias (Figura 4) foram interpretadas de
maneira aleatdria, duas vezes em momentos distintos. Para evitar comprometimento em
virtude de fadiga visual, a analise foi limitada a 50 imagens por dia.

Os observadores classificaram as imagens de acordo com o quadro 1.

Quadro 1 - Classificacdo das imagens radiograficas.

Al Certamente ndo apresenta desadaptagdo
A2 Provavelmente ndo apresenta desadaptacéo
B Né&o h& como afirmar presenca de desadaptacédo
Bl Certamente apresenta desadaptagdo
B2 Provavelmente apresenta desadaptacéo

Fonte: Elaborado pelo autor.
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Figura 4: Imagens radiograficas. A — Filme convencional no processamento manual sem
filtro de PVC, B — Filme convencional no processamento automatico sem filtro de PVC,
C - Digital sem filtro de PVC, D — Filme convencional no processamento manual com 6
filtros de PVC, E — Filme convencional no processamento automatico com 6 filtros de
PVC, F - Digital com 6 filtros de PVC.

Fonte: Elaborado pelo autor.

3.4 Validacao do diagnostico radiografico

De acordo com Wenzel e Hintze (1999), um padrdo ouro fidedigno deve preencher
trés critérios universais: ser estabelecido por um método que seja reproduzivel, descrever as
caracteristicas anatomopatoldgicas da doenca em estudo e ser independente do método de
diagndstico sob avaliacdo. Ao serem utilizadas imagens radiograficas como padréo ouro, em
pesquisas acerca do desempenho de modalidades de aquisicdo de imagens, 0s critérios
supracitados ndo serdo completamente preenchidos, uma vez que o0s diagndsticos
radiograficos ndo sdo reproduziveis e 0 método de validacdo ndo sera independente das

modalidades sob teste. O exame histolégico € um método de validagcdo altamente
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reproduzivel, sendo o ideal para pesquisas in vitro (WENZEL; HINTZE, 1999; HINTZE;
WENZEL; FRYDENBERG, 2002).

Para validar o diagndstico radiografico da presente pesquisa (padrdo ouro), estes
implantes, juntamente com os intermediarios foram submetidos & microscopia de varredura
eletronica (Microscopio Eletronico de varredura JEOL JSM-530), sem nenhum filme de PVC,
para caracterizar como padréo ouro de adaptacdo, conforme recomendado pelo fabricante, e

com a colocacéo destes filtros de PVC (0 a 6 discos - Figuras 5 e 6).

Figura 5: Imagens do microscopio eletrénico de varredura em diferentes aumentos A —
15 vezes e B — 500 vezes evidenciando area entre implante e o intermediario sem filtro de
PVC (interface de 2,09 um).

Fonte: Elaborado pelo autor.
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Figura 6: Imagens no microscépio eletrénico de varredura (aumento de 500 vezes)
evidenciando area entre implante e ucla com: A — 1 filtro de PVC (interface de 8,66 pm),
B - 2 filtros de PVC (interface de 23,34 um), C - 3 filtros de PVC (interface de 36,20
pum), D — 4 filtros de PVC (interface de 43,81 um), E - 5 filtros de PVC (interface de
52,96 um) e F — 6 filtros de PVC (interface de 95,22 um).

Fonte: Elaborado pelo autor.

3.5 Testes estatisticos

O indicador Kappa informa a propor¢do de concordéncias, além da esperada pelo
acaso, e varia de -1 a +1. Menos 1 significa completo desacordo e mais 1, exato acordo nas
interpretacdes. Zero indica 0 mesmo que leituras feitas ao acaso. Em sintese, as escalas do
indice Kappa estimam que os valores abaixo de 0,41 indicam concordancia fraca. Entre 0,41 e
0,60, a concordéancia € regular, e, entre 0,61 e 0,80, é boa. Acima de 0,81, a concordancia é
Otima. Este teste permite verificar a concordancia entre os métodos de imagens estudadas
(radiografias convencionais, digitais e tomografias computadorizadas) e do padrédo ouro. O
nivel de significancia foi fixado em p=0,05. Este indicador foi calculado para avaliar a



26

concordancia intra e inter-observadores para cada conjunto de imagens, utilizando o SPSS
software (v 17.0.0; SPSS Inc, Chicago, IL).

A classificacdo obtida com as imagens convencionais e digitais foi comparada com o
padrdo-ouro usando a curva ROC (receiver operating characteristic) analisando a capacidade
do observador em avaliar a adaptagdo marginal dos intermediérios protéticos. As areas da
curva ROC foram calculadas utilizando o software BioEstat 5.0 (Belém, Brasil) para cada tipo
de imagem e foram comparadas com o teste Q de Cochran com nivel de significancia de
p=0,05. Sensibilidade, especificidade, valor preditivo positivo, valor preditivo negativo e
acurdcia foram calculados.

No grafico ROC, o eixo das ordenadas representa a sensibilidade e o eixo das
abscissas, 0 inverso da especificidade. O calculo do balanco entre os indices de verdadeiro-
positivos e falso-positivos é obtido pela determinacdo da area sob a curva ROC, que
representa uma expressao do poder discriminativo global que um teste de diagnéstico possui e
constitui uma boa medida suméria de exatiddo (HANLEY; MCNEIL, 1982; WENZEL;
VERDONSCHOT, 1994). O valor minimo da area sob a curva ROC ¢é de 0,50, sendo a
representacdo grafica de uma reta em 45°. Isso acontece se as capacidades de previsdo da
modalidade ndo forem superiores ao puro acaso, ou seja, quando o método ndo possui
qualquer capacidade discriminativa. Entdo, o indice de verdadeiro-positivos é igual ao indice
de falso-positivos. O valor maximo é igual a 1 nas situacdes em que se obtém 100% de
verdadeiro-positivos e 0% de falso-positivos. A melhor performance é indicada por uma curva
que é mais elevada e voltada para a esquerda, no espaco ROC (HANLEY; MCNEIL, 1982).
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ABSTRACT

Problem statement: Prosthesis over implant maladjustment is a risk factor for
rehabilitation with implants; its detection is of primary importance for the success of
treatment with implants.

Objective: The objective of this study was to evaluate the reliability of digital
periapical radiography in evaluating the adaptation of prostheses over implants.

Materials and Methods: Digital and conventional (with manual and automatic
development) radiography was performed in seven test specimens, each with a maladjustment
between the intermediary and the platform of the implant. Scanning electron microscopy was
used to prove the maladjustment and to measure it. The radiographs were evaluated for
maladjustment detection by five dentists who specialized in dental radiology and imaging.
Cohen’s Kappa with linear weighting was calculated to determine inter and intra-examiner
concordance, and ROC (receiver operating characteristic) analysis was performed with a
significance level of p = 0,05.

Results: The inter-examiner analysis showed that the kappa value was equal to 0,74,
whereas the average kappa value in the intra-examiner evaluation was 0,90. The digital
imaging showed the largest area on the ROC graph, and the conventional images with manual
development showed the smallest area. The images obtained through conventional
radiography, with both manual and automatic processing, showed statistically significant
differences from the real one (p <0,05).

Conclusion: Conventional systems of radiographic imaging do not provide sufficient
information to evaluate prosthesis over implant adaptation.

Key-words: Dental prosthesis fixed by implants. Prosthesis failure. Digital dental

radiograph.

CLINICAL IMPLICATIONS

Because maladjustment is a risk factor for rehabilitation with implants, its detection is
of primary importance to the success of treatment with implants. For that purpose, we must
determine which type of periapical radiographic imaging (conventional or digital) is most

suitable to perform such evaluations.
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INTRODUCTION

Maladjustment, or nonpassive adaptation, is caused by multiple factors and can occur
in any phase of the production of a prosthetic element. Several factors can influence the final
adaptation: the casting process, the structure of the wax pattern, the production of the final
prosthesis and the delivery of the prosthesis®.

When the correct adaptation between the prosthesis-implant structure is obtained, the
peripheral anatomofunctional references, which are important for osseointegration, remain
stable and healthy, allowing system longevity?. On the contrary, when maladjustment occurs,
mechanical failure, such as maldistribution of forces and loosening and fracture of prosthetic
screws, and biological failure, such as accelerated marginal bone loss, adverse tissue
reactions, sensitivity, pain and osseointegration failure can compromise the whole system*?=.

Several authors have published studies in attempts to define acceptable maladjustment.
Maladjustment greater than 30 um in an area larger than 10% of the perimeter of the
implant/pillar interface would be unacceptable®. Maladjustments greater than 150 pm are
unacceptable and, according to Branemark®, for a prosthesis to ensure adequate stimulus for
bone remodeling, maladjustment of up to 10 micrometers must be present® . These values,
highly cited in the literature, are of empirical origin®.

Radiographs are used to evaluate this adaptation with the tightening of only one screw
(used in multiple prostheses), probing, patient sensitivity reports, direct and indirect viewing
(using photographs) and manual settlement (digital pressure) 2’. In the laboratory (in vitro),
radiography, scanning electron microscopy, optical microscopy, laser scanning microscopy
and theoretical approaches through finite element modeling are used®. Tactile examination
alone is not sufficiently accurate; thus, the use of radiography in addition to the clinical
experience of the dental surgeon permits the proper management of defect restoration °.

Radiographs are used manually to identify the adaptation of the implant prosthetic
component when the interface implant/intermediate cannot be easily seen, such as in
subgingival restorations. Panoramic radiography produces a large amount of image distortion;
thus, periapical radiography is the chosen method to obtain images of the implant/pillar
interface™®.

Prosthetic treatment success is achieved with thorough planning, and imaging
diagnosis is one of the most important steps'*. The use of radiographic imaging to detect
marginal misfit is a challenge due to its limited resolution and because it is commonly used

only to evaluate the success or failure as well as the stability of implants®.
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Maladjustment is a risk factor of rehabilitation with implants; therefore, its detection is
of great importance to the success of treatment with implants. To this end, it is important to
determine which periapical radiographic imaging modality (conventional or digital) is the
most suitable for performing this evaluation.

The objective of this paper was to evaluate digital radiographs and conventional
radiographic images processed by different methods for the evaluation of prosthesis over

implant adaptation.

MATERIALS AND METHODS

Sample preparation

To perform this research, an acrylic model of an edentulous mandible was used
(Figure 1), in which five implants were inserted in the premolar area using a Neodent Titamax
Ti Cortical (4.1) (Curitiba - Brazil) platform with external hexagon abutment connection. One
anti-rotation titanium prefabricated intermediate was installed, and used in the clinic for
confection of a temporary by Neodent (Titamax Ti Cortical) on two implants. A torque of 20
N was applied to each intermediate (recommended by the manufacturer).

Seven types of test specimens were created: the first without maladjustment
(standard), the second on a PVC disc that created the maladjustment, the third with two
interposed discs, the fourth with three interposed discs, the fifth with four, the sixth with five,

and the seventh with six discs.

Figure 1: Edentulous acrylic model with implants. Note the CCD sensor.
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Image acquisition

Three periapical radiographs were used for each test specimen, two using conventional
films and one using a CCD (charge-coupled device) digital sensor, for a total of 21
radiographic images. A Kodak 2200 Intraoral X-Ray System® (Carestream Health, Inc.) was
used to acquire the intrabuccal radiographic images. In the conventional method, size 2 Kodak
Insight® (Carestream Health, Inc.) radiographic films (Figure 2A) were used. In the CCD
digital method (Figure 2B), a size 1 Kodak RVG 5100® (Carestream Health, Inc.) was used.
The acrylic model was positioned to allow standardized acquisition of radiographic images,
maintaining the distance between the source of radiation and the receptor at 40 cm. A 10 mm
acrylic sheet was used between the radiation source and the mannequin to reduce the radiation
beam, simulating the soft tissue of the patient. (SOGUR; BAKS; GRONDAHL, 2007;
CALDAS et al., 2010).

For the radiographic technique, a vertical angulation of 0° with the implants and
horizontal of 90° was used. For this standardization, an acrylic support was made to allow the
cylinder of the radiographic equipment to be correctly oriented, to have a base to support the
model with the implants and a fixed device for maintenance of the image film/sensor. The
parameters of exposure were 60kV and 7 mA, and the exposure time varied according to the
manufacturer’s recommendation for each method; that is, the exposure time for the
conventional method was 0,454 seconds, and for the CCD digital method, the exposure time

was 0,143 seconds.

Figure 2: Personalized support for conventional film (A) and for the CCD sensor (B).

——

The conventional films were processed after exposure to X rays by the following
methods: seven films were manually processed using a Kodak® system (Carestream Health,
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Inc.) using new solutions and at a temperature of 25 °C, with a developing time of 3 minutes
and fixing time of 10 minutes; and seven films were processed in an A/T2000 XR® (Air
Techniques) automatic processor, using freshly prepared Kodak Automixer® (Carestream
Health, Inc.) developing and fixing solutions and with a total time to dry of five minutes.

For simulation/production of implant maladjustment, special PVC (ORACAL ® 651
Intermediate Cal) discs were made with a density of 70 um and were placed between the
intermediate and the implant platform (Figure 3). A torque of 20 N was used on the through
screw of each intermediate. First, only one PVC disc was inserted, and all of the digital and
conventional imaging processes were performed. In the following stage, two PVC discs were
placed on this interface, and so on until six PVC discs were placed between the implant
platform and the intermediate, always acquiring the radiographic images at the same step.
Next, scanning electron microscopy (SEM) was performed on the implant and the

intermediate junction area on all of the test specimens.

Figure 3: Special PVC film discs over the implant platform.

Evaluation of images

The interpretation of the radiographic images was performed by five dental surgeons
who were specialists in dental radiology and imaging and who had extensive experience in
radiographic image interpretation. A cold light negatoscope was used to interpret the
conventional radiographs, and the use of a magnifying glass was allowed. The interpretation
of the digital images was performed directly on KDIS - Kodak Dental Imaging Software®
(Carestream Health, Inc.) in the DICOM (Digital Imaging and Communications in Medicine)

format, and the use of all available resources (filters, zoom, brightness, contrast and gamma
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alteration and negative and end densitometric evaluation), which were properly explained to
the observers, was allowed. A computer with a GeForce 9500 GT® (Nvidia Corporation)
graphic card and an LED LG Flatron E2241® (LG Electronics) monitor was used; the
resolution of the monitor was 1920x1080 pixels, and the brightness and contrast levels were
set to the pre-set configuration.

For the purpose of offering the same conditions to all of the observers, all used the
same resources to evaluate the images, that is, the same negatoscope, the same environment
and the same computer and monitor. The radiographs (Figure 4) were interpreted randomly,
twice at two distinct points in time. To avoid compromising the results due to eye fatigue, the
analysis was limited to 50 images a day. The observers rated the images according to chart 1.

Chart 1 — Rating of radiographic images.

Al Definitely does not show maladjustment
A2 Most likely does not show maladjustment
B There is no way to confirm the presence of
maladjustment
Bl Definitely shows maladjustment
B2 Most likely shows maladjustment

Figure 4: Radiographic images. A — Conventional film with manual processing
without PVC filter, B — conventional film with automatic processing without PVC filter, C -
digital image without PVC filter, D — conventional film with manual processing with 6 PVVC

filters, F — digital image with 6 PVC filters.
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Validation of the radiographic diagnosis

A reliable gold standard must fulfill three universal criteria: be established by a
method that can be reproduced, describe the anatomicopathologic characteristics of the
disease being studied and be independent from the method of diagnosis being evaluated*?. By
using radiographic images as the gold standard in studies of the performance of image
acquisition modalities, the above-mentioned criteria are not met because radiographic
diagnosis cannot be reproduced, and the validation method is not independent of the
modalities being tested. Histological examination is a validation method that is highly
reproducible and is the ideal for in vitro studies 2%,

To validate the radiographic diagnosis of the present study (gold standard), these
implants, together with the intermediates, were submitted to scanning electron microscopy
(JEOL JSM-530) for characterization according to the gold standard, following
recommendations by the manufacturer and with and without the placement of the PVC filters

(0 to 6 discs - Figures 5 and 6).

Figure 5: Images from scanning electron microscopy with different magnifications. A
— 15 times and B — 500 times showing the area between the implant and intermediate without
a PVC filter (interface of 2,09 pm).
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Figure 6: Images from scanning electron microscopy (500x magnification) showing

the area between the implant and the intermediate with: A — 1 PVC filter (interface of 8,66
pum), B — 2 PVC filters (interface of 23,34 um), C - 3 PVC filters (interface of 36,20 um), D —
4 PVC filters (interface of 43,81 um), E - 5 PVC filters (interface of 52,96 um) and F — 6
PVC filters (interface of 95,22 um).

Statistical Tests

The Kappa index reveals the proportion of concordance aside from that expected by
chance and varies from -1 to +1. A value of -1 means complete discordance, and +1 means
exact concordance of the interpretations. A value of 0 indicates randomness of the results. In
summary, the Kappa index scale estimates that values below 0,41 indicate weak concordance.
Between 0,41 and 0,60, the concordance is regular, and between 0,61 and 0,80, it is good.
Over 0,81, the concordance is excellent. This test allows verification of the concordance
between the imaging methods that were studied (conventional and digital radiography and
computerized tomography) and the gold standard. The level of significance was fixed at
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p=0,05. This index was calculated using SPSS software (v 17.0.0; SPSS Inc., Chicago, IL) to
evaluate the intra and inter-observer concordance for each set of images.

The classification obtained with the conventional and digital images was compared to
the gold standard using the ROC (receiver operating characteristic) curve analyzing the ability
of the observer to evaluate the marginal adaptation of the prosthetic intermediates. The ROC
curve areas were calculated using BioEstat 5.0 (Belém, Brazil) software for each type of
image and were compared with Cochran’s Q test at a significance level of p=0,05. The
sensitivity, specificity, positive predictive value, negative predictive value and accuracy were
calculated.

On the ROC graph, the ordinate represents the sensitivity, and the abscissa represents
the inverse of specificity. The balance between the indexes of true positives and false
positives is calculated by determining the area under the ROC curve, which represents an
expression of the global discriminatory power that a diagnostic test possesses and constitutes
a good summary measure of accuracy™**°. The minimum value of the area under the ROC
curve is 0,50, represented on the graph as a line at a 45° angle from the x-axis. This occurs if
the predictive abilities of the modality are not superior to chance alone; that is, when the
method does not possess any discriminative capacity. Thus, the index of true positives is
equal to the index of false positives. The maximum value is equal to 1 in situations in which
100% true positives are obtained and 0% false-positives are obtained. The best performance is
indicated by a curve that is high and facing left on the ROC area”.

RESULTS

The objective of inter-examiner comparison is to evaluate the concordance level
between the examiners on both phases of interpretation for each modality of radiographic
image acquisition, whereas the intra-examiner comparisons evaluate the level of concordance
between interpretations of the same image samples performed by the same examiner on two
different occasions. The Kappa value was 0,74 (good concordance) for inter-examiner
reliability in this study, whereas the Kappa value for intra-examiner reliability was 0,90
(optimal concordance), ranging from 0,70 to 1.

Several parameters of performance were calculated (sensitivity, specificity, positive
predictive value, negative predictive value and accuracy) for the diagnosis of prosthesis over
implant adaptation for the several methods of imaging that were tested. Note that the best

results occur for digital imaging (table 1).
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TABLE 1 — Performance measures for the three imaging modalities.

Manual Processing  Automatic Processing  Digital

S 93 100 100
60 60 80
PP 93 93 98
PN 60 100 100
AC 88 94 97

Data in percentage (%); S- sensibility, E — Specificity, PP — Positive predictive value, PN — Negative
predictive value and AC — Accuracy.

The radiographic images from each modality of acquisition (conventional with manual
processing, conventional with automatic processing and digital) were compared. Figure 7
presents a ROC curve for the group of images produced in this study. We can clearly see that
when comparing the conventional and digital radiographs, the curve for the digital images
occupies a larger area of the graph (higher on the left). The curve for conventional imaging
with manual processing presented the smallest area.

Figure 7 — ROC curves for the analysis obtained from conventional radiographs with manual
processing (A), conventional radiographs with automatic processing (B) and CCD digital

radiographs (C).

ROC Curves

06—

Sensitivity

04—

Specificity
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For additional explanation, table 2 illustrates the comparative analysis between the
imaging modalities. We can verify that the images obtained with conventional radiography,
both manually and automatically processed, show significant differences from the real
(p<0,05). This result shows that these systems of radiographic imaging provide insufficient
information for evaluation of prosthesis over implant adaption. It is worthwhile to note that
the significant differences occurred when there was no PVC filter between the implant and the

intermediate and in the presence of only one filter at this interface (p<0,005 — Cochran’s Q).

TABLE 2 — Comparison between the image evaluations using the areas under the ROC
curves obtained for the evaluations of prosthesis over implant adaptation.

Images Area 95% Confidence interval
Film with manual processing 0,76 * 0.2911a1.0
Film with automatic processing 0,80 * 0.3666 a 1.0
Digital 0,9 0.61a1.0

Area followed by ( *) indicates significant difference from the real (Cochran’s Q with significance level of
5%).

DISCUSSION

Numerous studies on the adaptation of prostheses over implants focus on comparing
adaptations between different implant systems, different types of prosthesis, different
quantities of torque and different types of solder, screw and binds. The majority use
microscopy, mainly scanning electron microscopy, to verify the maladjustment. 3161718192021
Few studies were found to focus on the validation of the method of radiographic
diagnosis.2'7'9’1°'22'23

The radiographic evaluation of the interface implant/intermediate is inherently
difficult because it is necessary for the X-ray beams to be either parallel to the plane opposite
the surfaces of the implant/intermediate junction or perpendicular to the implant to allow
detection of vertical maladjustment. A change in this angulation may lead to a diagnosis of
adaption on a maladjusted interface. *° The radiographic diagnosis can be influenced by the
cylinder inclination in relation to the long axis of the implant and the film. It was observed
that the cylinder must have a vertical angulation between + 15 ° and -10 ° for the correct
detection of a maladjustment.”

Maladjustments of 12,7 um were reliably detected with vertical angulation of up to 5

degrees in relation to the orthogonal projection; maladjustments of 25-38 um were detectable
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with angulation of 10 degrees and of 51 pm with angulation of 15 degrees. We conclude that
the larger the vertical angulation, the smaller the capacity of detection.'® In the present work,
to avoid interference from the vertical angulation on the images, vertical angulation of 0° was
used with the implants during the production of the radiographic images.

Digital radiography was more efficient for detection of maladjustment between the
implant and intermediate because it was possible to detect maladjustments starting from 8,66
pum. Digital radiography showed more specificity and had higher positive predictive values
and accuracy than conventional radiography, presenting only negative predictive value and
sensitivity equal to conventional film with automatic processing. These data differ from the
results presented by Sharkey (2011), who performed a study with radiographic images with
12 different sizes of maladjustment between the implant and the abutment (0, 12.7, 25, 38, 51,
63, 76, 88, 102, 114, 127 and 190 um) in eight different vertical angulations, using
conventional and digital film. Those results validate the precision of digital radiography for
maladjustment diagnosis and indicate that conventional films and digital radiographs are
equivalent in their diagnosis capacity. It is reported that the larger diagnosis capacity of digital
radiography can be related to the size of the image produced.® A reason for this discrepancy
would be the fact that the present study used maladjustments starting from 8,66 um, a value
lower than the one used by Sharkey (12,7 um), which may have favored the digital system
and demonstrated greater detection capacity.

The results obtained in the present study show that the images produced with
conventional radiography, with both manual and automatic processing, presented a significant
difference from the real (p<0,05) (ROC curves), demonstrating that the conventional systems
provide insufficient information to evaluate prosthesis over implant adaptation. In a similar
study, in which 3 different types of conventional radiography were performed on prostheses
with intentionally created cracks, it was concluded that the radiographs properly identified
maladjusted prostheses over implants; however, they did not provide highly reliable results,
and the imaging methods seemed to provide much better results than tactile probing.® In the
present study, there was no comparison with tactile probing; however, the digital radiography
did not show significant differences from the real values (MEV). Furthermore, this imaging
modality presented high accuracy in the diagnosis of maladjustment.

In the present study, it was verified that the greater the created maladjustment, the
greater was the capacity of the examiners to detect it, which is in accord with reports from
other authors.”® The interface between the prosthesis and the intermediate must not exceed 10

um to ensure proper bone remodeling.® Periapical radiography using conventional film with
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both manual and automatic processing cannot identify with precision the presence of these
maladjustments, mainly those smaller than 23,34 um. Because it shows precision in the
detection of maladjustments starting at 8,66 pum, digital radiography is the ideal method to

evaluate this interface.
CONCLUSION
We can conclude that conventional radiography does not provide sufficient

information for the evaluation of prosthesis over implant adaptation, and digital radiography
is the chosen method of imaging for evaluation of the prosthesis/implant interface.
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5 CONSIDERACOES FINAIS

Pode-se verificar que as imagens obtidas com as radiografias convencionais, tanto no
processamento manual como automatico, apresentaram diferenca estatisticamente significante
com o real (p<0,05). Este resultado demonstra que estes sistemas de imagens radiogréaficas
fornecem informacgdes insuficientes para avaliagdo da adaptacdo de prétese sobre implante.

O melhor método de imagem radiogréfica e, portanto, indicado para as avaliacGes das

interfaces implante-intermediério, € a radiografia digital.
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