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RESUMO

O uso da andlise fractal (AF) e correlacbes aos resultados da Microtomografia (Micro CT)
como um instrumento de avaliagdo pré-cirargica da instalacdo do implante poderia permitir
um planejamento e intervengdes de forma mais precisa. O objetivo do presente estudo foi
verificar o padrdo de remodelacdo 0ssea apés levantamento de seio maxilar em humanos por
meio de analise de dimensdo fractal (DF), Micro CT de espécimes obtidos e comparacdo
destas imagens com imagens de 0sso nativo. Realizado um estudo clinico, experimental,
analitico, prospectivo, randomizado, controlado e cego, utilizando-se cirurgias de elevacdo
dos seios maxilares e enxertos (Osteogen® + L-PRF e Osteogen®) em pacientes com auséncia
dental posterior superior, procedendo analise de imagens de radiografias panoramicas e
tomografia computadorizada de feixe cénico (TCFC) no tempo: 10 dias (T1) e 180 dias (T2).
Foi utilizada uma amostra de 20 pacientes (40 seios maxilares) e foram avaliadas e
comparadas a AF das imagens da TCFC dos enxertos em T1 e T2, radiografias panoramicas e
Micro CT dos enxertos em T2, assim como as comparacdes entre os dois periodos e com 0sso
nativo. Para correlacionar os valores das DF obtidos na TCFC em T2, foi feita a AF da maxila
nas areas dos enxertos bilateralmente e nas areas de pilar canino (0sso tipo I) e regido de tuber
(osso tipo I11) em radiografias panoramicas. Na TCFC, houve diferenca estatistica significante
(p<0.05) quando comparados os valores médios da AF entre Osteogen® + L-PRF em T1 e T2
e na comparacdo entre T1 e T2 para o Osteogen®. N&o houve diferenca estatistica significante
(p>0.05) na TCFC na comparacdo das médias da AF entre os diferentes enxertos em T1, na
comparagdo entre os diferentes enxertosem T2 e entre 0s enxertos com os valores do 0sso
nativo. Na comparacdo entre AF da TCFC e radiografia panoramica, houve diferenca
estatistica significante para a area dos enxertos e também para area de 0sso nativo. Na
comparacéo dos valores da AF entre o Osteogen® na TCFC e na analise por Micro CT
observou-se diferenca estatisticamente significante, assim como na comparagdo entre
Osteogen® + L-PRF na TCFC e na analise por Micro CT. Quando comparados com 0sso
nativo, também se observou diferenca estatisticamente significante. Os métodos de analise das
imagens dos enxertos em seio maxilar sdo ferramentas promissoras e devem ser padronizados

para que possam ser confiaveis e precisas.

Palavras-chave: Seio maxilar. Substitutos Osseos. Analise Fractal. Microtomografia.



ABSTRACT

The use of fractal analysis (FA) and correlations to the results of Microtomography (Micro
CT) as an instrument for pre-surgical evaluation of the implant installation could allow more
precise planning and interventions. The aim of the present study was to verify the pattern of
bone remodeling after maxillary sinus survey in humans by means of fractal dimension
analysis (FD), Micro CT of specimens obtained and comparison of these images with images
of native bone. A clinical, experimental, analytical, prospective, randomized, controlled and
blind study was carried out, using maxillary sinus lifting surgeries and maxillary sinus
grafting (Osteogen® + L-PRF and Osteogen®) in patients with superior posterior dental
absence, proceeding with an analysis of images of panoramic radiographs and cone-beam
computed tomography (CBCT) over time: 10 days (T1) and 180 days (T2). A sample of 20
patients (40 maxillary sinuses) was used and the FA of the CBCT images of the grafts in T1
and T2, panoramic radiographs and Micro CT of the grafts in T2 were evaluated and
compared, as well as the comparisons between the two periods and with native bone. To
correlate the FD values obtained from the T2-weighted CBCT, maxillary FA was performed
bilaterally in the areas of the grafts and in the areas of the canine pillar (bone type I) and the
maxillary tuber region (bone type I1l) on panoramic radiographs. In the CBCT, there was a
statistically significant difference (p <0.05) when comparing the mean values of FA between
Osteogen® + L-PRF in T1 and T2 and in the comparison between T1 and T2 for Osteogen®.
There was no statistically significant difference (p> 0.05) in the CBCT in the comparison of
the means of FA between the different grafts in T1, in the comparison between the different
grafts in T2 and between the grafts with the values of the native bone. In the comparison
between FA of the CBCT and panoramic radiography, there was a statistically significant
difference for the area of the grafts and also for the area of native bone. In the comparison of
the FA values between Osteogen® in the CBCT and in the analysis by Micro CT, a
statistically significant difference was observed, as well as in the comparison between
Osteogen® + L-PRF in the CBCT and in the analysis by Micro CT. When compared with
native bone, a statistically significant difference was also observed. The methods of analyzing
the images of the grafts in the maxillary sinus are promising tools and must be standardized so

that they can be reliable and precise.

Keywords: Maxillary Sinus. Bone Substitutes. Fractals. X-Ray Microtomography.
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1 INTRODUCAO

Pacientes com areas edéntulas na regido posterior da maxila podem apresentar atrofia
do rebordo alveolar e pneumatizacdo do seio maxilar apés a perda dentaria (NOOH, 2013).
Esta condicdo limita o volume dsseo disponivel para a instalagdo de implantes. Entretanto,
esta situagdo clinica pode ser solucionada por meio da realizacdo de enxerto sinusal
considerada como técnica de levantamento de seio maxilar (MISCH, 1987).

Técnicas de levantamento de seio foram desenvolvidas a fim de se criar altura 6ssea
suficiente para a instalagdo de implantes. Concomitantemente, diversos materiais de enxertos
foram propostos para serem utilizados neste procedimento (BOYNE; JAMES, 1980;
CHIAPASCO; ZANIBONI; BOISCO, 2006; DEL FABBRO et al., 2004; ESPOSITO et al.,
2010; SUMMERS, 1994; ZIJDERVELD et al., 2008).

O o0sso autdgeno é o material considerado padrdo ouro para enxertos 0sseos, devido as
propriedades osteoindutoras e osteogénicas (BARONE et al., 2009; BIAGINI et. al., 2009;
CONTAR et al., 2009; FRENKEN et al., 2010; GOMES et al., 2008; LYFORD et al., 2003),
porém apresenta desvantagens, como o aumento do tempo cirdrgico, maior morbidade pds-
operatoria, necessidade de areas doadoras, maior perda sanguinea no ato cirdrgico, custos
mais elevados, quantidade ¢ssea limitada e risco de lesbes vasculares e neurologicas
(BARONE et al., 2009; BIAGINI et al., 2009; CONTAR et al., 2009; GOMES et al., 2008;
LYFORD et al., 2003).

Os biomateriais vém sendo utilizados na substituicdo do 0sso autdgeno por
apresentarem vantagens, como a ndo necessidade de doadores, auséncia do risco de
contaminagdo com doencas infecciosas ao receptor, disponibilidade de material para enxertia
e reabsorcdo mais lenta (HALLMAN et al., 2002; JAMARILLO et al., 2010). Dentre esses
biomateriais, a Hidroxiapatita (HA) apresenta uma eficacia semelhante a do 0sso autogeno,
quando utilizada em procedimentos de levantamento do seio maxilar (LSM) (ARTZI et al.,
2004; MAIORANA et al., 2005; SILVA et al., 2005).

O Osoteogen® (Impladent, Ltd, Holliswood, NY) é uma hidroxiapatita sintética que
possui propriedades osteocondutoras, reabsorcdo lenta e homogénea, atuando como um
reservatorio mineral e a0 mesmo tempo como um suporte para substituicdo 6ssea (KAMBOJ;
ARORA; GUPTA, 2016).

A Fibrina rica em Plaquetas e Leucdécitos (L-PRF) é um biomaterial autélogo utilizado
para acelerar a cicatrizacao fisiologica e, quando associado a enxertos désseos, acelera o

processo de regeneracdo Ossea (WU et al., 2012). Além disso, apresenta capacidade
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hemostatica e reduz o risco de infeccdo, devido a concentracdo de Leucécitos (DOHAN et al.,
2006b) e possui caracteristicas ideais para a neoformacao 6ssea, devido a liberacdo gradual e
lenta de citocinas e fatores de crescimento, que agregam propriedades osteoindutoras ao meio
(DOHAN et al., 2006a). Nos procedimentos cirargicos destinados a reconstrucdo 0ssea, a
associacao de L-PRF a biomateriais e enxertos 6sseos pode reduzir o volume necessario dos
mesmos (CHOUKROUN et al., 2006). Quando misturada com enxertos 6sseos, a L-PRF pode
estimular a angiogénese ao atrair células-tronco e favorecendo a migracdo de células
osteoprogenitoras para o centro do enxerto (TOFFLER et al., 2009).

Os exames de imagem devem fornecer elementos que possibilitem avaliar
adequadamente a qualidade e o volume 6sseo disponivel para a instalagdo de implantes em
regibes edéntulas. Apesar das radiografias panordmicas serem utilizadas para dar uma
estimativa da altura 0ssea, distor¢des ocorrem, 0 que torna as tomografias computadorizadas
os exames de escolha para planejamento de instalacdo de implantes (HARRIS et al., 2012).
Dentre as tomografias computadorizadas, a Tomografia Computadorizada de Feixe Conico
(TCFC) é capaz de fornecer uma imagem tridimensional da area, com baixo custo e
empregando doses baixas de radiacdo quando comparada a tomografia multislice (HARRIS et
al., 2012).

Ao mesmo tempo, outras ferramentas, como a andlise fractal, foram desenvolvidas
para analisar as estruturas 6sseas por meio de calculos matematicos. A analise fractal tem sido
empregada em radiografias panoramicas e radiografias periapicais com o intuito de estudar a
microarquitetura 0ssea de regides da maxila e mandibula (HUH et al., 2011; HUH et al.,
2013; LEE et al.,, 2010; MARCANTONIO et al., 2015; RODRIGUES, 2016; SENER;
CINARCIK; BAKSI, 2015).

Ja a microtomografia computadorizada (Micro CT) é atualmente utilizada para avaliar
as caracteristicas morfomeétricas 6sseas como alternativa complementar a analise histoldgica
convencional, ao se considerar um volume tridimensional da amostra em cortes histolégicos
bidimensionais (METSCHER, 2009; TJIONG W et al., 2014).

Entretanto, ainda ndo existem na literatura estudos disponiveis que utilizem a andlise
fractal em tomografia de feixe conico para avaliacdo de LSM, nem a correlacdo da contracédo
dos enxertos inseridos em seio maxilar para avaliagdo da microestrutura éssea de diferentes
tipos de enxerto sinusais em periodos distintos de cicatrizacdo. Neste sentido, o objetivo nesta
pesquisa foi avaliar, por meio de analise fractal em tomografia computadorizada de feixe
conico o padrdo de remodelacdo 6ssea de diversos tipos de enxerto sinusal, além da analise

através da Micro CT.
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2 REFERENCIAL TEORICO

2.1 Consideracdes gerais sobre seio maxilar

Os seios maxilares (SM), os maiores dos seios paranasais, sdo cavidades pneumaticas
contidas no interior da maxila. Suas fung6es incluem reducao do peso do cranio, aquecimento
e umidificacdo do ar inalado, protecdo de estruturas vitais em caso de trauma e producédo de
muco. Eles também afetam a tonalidade da voz do individuo (DALGORF et al., 2013).

No adulto, 0 SM tem dimensGes entre 30 a 40 milimetros (mm) de altura, largura de
15 a 20 mm e profundidade de 10 a 15 mm. Entretanto, essas medidas sdo muito varidveis
dependendo da idade, género, presenca de dentes e condic¢des individuais. Ja a sua capacidade
volumétrica é de, aproximadamente, 14cm® (PIGNATARO et al., 2008).

O SM é o primeiro dos pares de seios paranasais a se desenvolver e seu crescimento
ocorre em dois estagios: o primeiro que vai do 0 aos 3 anos de idade e o segundo estagio dos
6 aos 12 anos. No primeiro estagio a pneumatizacao direciona-se horizontal e posteriormente
enguanto no segundo ela ocorre inferiormente, em direcdo aos dentes. O SM atinge seu
tamanho adulto entre os 14 a 25 anos (PARK et al., 2011).

O SM pode apresentar um formato piramidal, quadrangular ou semilunar, com base
voltada para a parede lateral da cavidade nasal. O apice corresponde a jungdo do processo
zigomatico da maxila com o0 0sso zigomatico e, em alguns casos, estende-se para 0 seu
interior. O apice localiza-se, em média, a 25 mm de distancia da base. A parede superior, ou
teto do SM, corresponde a face orbital da maxila, no assoalho da 6Orbita enquanto a parede
anterior corresponde a face anterior da maxila. A parede posterior corresponde a fossa infra
temporal da maxila e a parede inferior, ou assoalho do SM, corresponde ao processo alveolar
da maxila. Internamente, 0 SM ¢€ revestido pela membrana de Schneider, cuja espessura varia
entre 0,13 a 0,5 mm. Esta membrana é constituida por epitélio colunar pseudoestratificado
além de glandulas serosas e mucosas localizadas na lamina prépria. O papel da membrana de
Schneider € atuar como uma barreira imunoldgica e transportar o gel viscoso ao 6stio do SM.
Este se situa a varios milimetros do assoalho do SM e é o unico ponto de descarga dos fluidos
produzidos (PIGNATARO et al., 2008).

E importante destacar que o assoalho do SM se encontra geralmente a 0,5 a 1 cm
abaixo das cavidades nasais. Além disso, frequentemente pode-se notar a presenca de septos
ou cristas dentro da cavidade sinusal (KIM et al., 2006; VELASQUEZ-PLATA et al., 2002).
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Pacientes com &reas edéntulas na regido posterior da maxila podem apresentar atrofia
do rebordo alveolar e pneumatizacdo do SM (HIEU et al., 2010). A pneumatizacdo do SM
pode ser afetada pelo biotipo cranio facial, densidade Ossea, idades, cirurgias sinusais e
exodontias (GOCMEN et al., 2015).

2.2 Consideracdes sobre levantamento de seio maxilar

A reabilitacdo da maxila atrofica posterior por meio de implantes osseointegrados
constitui um desafio para a Implantodontia. Individuos edéntulos nesta regido apresentam
volume 6sseo insuficiente e pobre qualidade dssea devido a reabsorgdo do rebordo alveolar,
decréscimo da densidade trabecular do 0sso e a pneumatizacdo do SM (ACOCELLA et al.,
2010; BELTRAN et al., 2014).

A altura 6ssea reduzida resultante da pneumatizacdo do SM influencia na escolha do
tamanho e posi¢do dos implantes. Desta forma, reabilitacOes realizadas até a regido de pre-
molares em decorréncia dessa limitacdo ndo sdo incomuns. Paralelamente, trabalhos
demonstram o insucesso de implantes curtos nesta area (JEMT; LEKHOLM, 1995;
SENNERBY; ROOS, 1998).

Apesar das diferencas nas indicacdes, os procedimentos de aumento da altura do osso
alveolar (reducdo do seio) por meio da janela lateral ou transcrestal sdo previsiveis e 0s
implantes colocados em seios enxertados tém altas taxas de sobrevivéncia (ATA-ALI et al.,
2017).

Sabe-se que um dos fatores que determinam o prognostico da manutencdo dos
implantes esta relacionado ao volume Gsseo. Assim, técnicas foram desenvolvidas a fim de
aumentar o volume 6sseo, possibilitando a instalacdo de implantes na regido posterior da
maxila (BOYNE; JAMES, 1980; SUMMERS, 1994). Dentre as técnicas, o levantamento de
seio maxilar (LSM) é o método mais utilizado e estudado. Este procedimento permite a
instalacdo de implantes em &reas onde a altura 6ssea inicial € menor que 4mm (MELEO et al.,
2012; MISCH, 1987).

Boyne e James (1980) foram os primeiros a publicar a técnica de levantamento do SM,
embora ela tenha sido descrita por Tatum (1977). A técnica conhecida como “Caldwell-Luc
modificada” permite o acesso ao SM por meio de osteotomia da sua parede lateral, liberacédo e
elevacdo da membrana de Shneider e colocacdo de materiais de enxerto, a fim de se obter

altura 6ssea suficiente para a instalacdo de implantes (TATUM JUNIOR, 1986).
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Materiais de enxerto como 0sso autdgeno, aloenxertos, xenoenxertos e materiais
aloplasticos tém sido utilizados no LSM (ACOCELLA et al., 2010; ARAUJO, 2013; BRAN
et al., 2013; DASMAH et al., 2012). A eficacia e previsibilidade deste procedimento tém sido
demonstradas em diversos trabalhos (BOYNE; JAMES, 1980; KAUFMAN, 2003; SORNI et
al., 2005; YOUNES; NADER; KHOURY, 2015). Além disso, estudos tém documentado o
sucesso clinico em longo prazo de implantes instalados em regiGes submetidas a levantamento
de SM (AGHALOO; MOY, 2007; PJETURSSON et al., 2008; YOUNES; NADER;
KHOURY, 2015).

A altura residual do osso alveolar é um fator anatdmico critico a ser considerado
durante o planejamento do LSM. Dados obtidos por diversas pesquisas indicaram que a
estabilidade dos implantes a longo prazo apresenta uma relacdo com a altura remanescente de
o0sso alveolar (AVILA-ORTIZ et al., 2012; MARDINGER et al., 2007; RIOS et al., 2009).

A importéncia da altura residual do osso alveolar também esta relacionada as taxas de
sucesso dos enxertos sinusais. Estudos demonstraram que 0 0sso alveolar permite a migragéo
de células osteogénicas além de participar da angiogénese, contribuindo, desse modo, no
processo de maturacdo do enxerto sinusal (BUSENLECHNER et al., 2009; KOLERMAN et
al., 2012). Ao lado disso, ha indicios de que a altura 0ssea alveolar remanescente tenha um
importante papel na consolidacdo e estabilidade dos enxertos realizados no levantamento de
seio maxilar (AVILA-ORTIZ et al., 2012).

A abertura do seio maxilar pela janela lateral e a elevacdo da membrana séo
provavelmente as fases mais complexas de todo o procedimento, apresentando risco de danos
a propria membrana. Por estas razBGes, para permitir uma visualizacdo adequada da &rea
cirurgica e para evitar complicagfes e facilitar o desprendimento da membrana, muitos
autores propdem uma abertura ampla, que expde completamente a parede lateral do seio

maxilar, permitindo facil acesso a cavidade sinusal (BALDINI et al., 2017).

2.3 Analise fractal qualitativa e quantitativa do tecido 0sseo

Na década de 1980, os conceitos de geometria fractal foram ocupados por muitos
ramos da ciéncia e entraram na radiografia dentaria de um interesse no reconhecimento de
padrdes de imagens. Analise Fractal (AF) € um método para descrever formas complexas e
padrdes estruturais e é expresso de forma meramente como dimensdo fractal (DF). A
dimensao fractal expressa a rugosidade da textura, que é o padrdo repetitivo das configuracoes

de escala de cinza na rede trabecular. Esta analise da textura 6ssea € baseada em matematica
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fractal. Foi relatado que quando aplicado ao osso trabecular em imagens radiograficas, este
método pode ser considerado como um reflexo da microarquitetura do 0sso trabecular.
Também foi afirmado que AF ndo é afetada pelas variacBes na exposi¢do, alinhamento e
escolha da regido de interesse, que ¢ uma das vantagens mais importantes desse método em
contextos clinicos (BENHAMOU et al., 1994; JOLLEY; MAJUMDAR; KAPILA, 2006;
POTHUAUD et al., 2000; SHROUT; POTTER; HILDEBOLT, 1997).

A anélise fractal € um método alternativo de avaliacdo quantitativa das alteracfes
trabeculares do osso alveolar. Este € um método para descrever padrdes estruturais complexos
e é representado numericamente como DF. A DF em radiografias periapicais tem sido usado
como um identificador do padrdo complexo do osso alveolar que circunda a denticdo. O
potencial da analise fractal, que foi comprovadamente independente da geometria da projecéo,
foi encontrado em inumeras aplicacdes em varios ramos da pratica dentaria relacionados a
avaliacdo do osso trabecular (LEE et al., 2010; YU et al., 2009).

Um comportamento fractal esta intimamente relacionado com os conceitos de auto-
similaridade a escala e lacunaridade. A preponderancia do seu estudo reside na capacidade
para explicar fendbmenos de distribuicdo de espaco que ndo obedecem a geometria euclidiana.
(RODRIGUES, 2016).

Na geometria euclidiana os espacos sdo definidos por uma dimenséo topoldgica (Dt) e
uma outra D que Ihe é coincidente (D=Dt), em que ambas sdo sempre um ndmero inteiro e
variam entre 0 e oo. Os padrdes fractais sdo caracterizados por uma dimensdo fractal
(fracionada), designada por D, que sé pode ser apresentada na forma de fracéo — e delineia o
espaco em funcdo da outra dimenséo do espaco Dt que se mantém um ndmero inteiro; sendo
que D > Dt. Assim, diferencas na dimensdo fractal refletem diferencas ndo topoldgicas da
divisdo do espaco e nas formas que o ocupam - definidas como formas fractais
(RODRIGUES, 2016).

O método de andlise radiografica mais utilizada atualmente para determinar a
dimenséo fractal € o método de contagem de caixas. As diferentes resolucdes pré-definidas
sdo avaliadas na area de superficie ocupada, por cada quadrado (frequentemente de 10 x 10
pixels) que Ihe é sobreposto e define a janela de observacdo espacial. O processo € repetido

com resolucBes de imagem consecutivas. A area de superficie ocupada (A) expressar-se-a4 em

funcdo do tamanho da janela (S) observada da forma A(S) = k. S (2-D) ¢ possivel determinar
0 declive  de uma reta no grafico P-plot que correlaciona A e S. A dimenséo fractal (D)
obtém-se, entéo, por D = 2-4; sendo que 2<D <3 e-1< <0 (RODRIGUES, 2016).
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Este método de avaliagdo de padrdes estruturais complexos utiliza uma férmula
matematica cujos resultados situam-se entre 1 e 2, sendo que 1 corresponde ao valor de uma
estrutura que preenche nada ou praticamente nada de um espaco fixo pré-determinado. Ja,
quando a dimensdo fractal corresponde a 2, esta estrutura biolégica ocupa todo o espago
disponivel de uma regido com area pré-determinada. Valores elevados de dimensdo fractal,
proximos de 2, indicam estruturas 0sseas mais complexas; valores mais préximos de 1
representam estruturas menos complexas. Entretanto, valores numéricos semelhantes podem
representar estruturas d6sseas com padrdes micro estruturais ndo necessariamente iguais.
(RODRIGUES, 2016).

Servais et al. (2018) relataram em seu estudo que em termos de AF, uma area com 0%
de osso corresponderia a uma DF igual a 1, e uma regido com 100% de 0sso corresponderia a
um valor de DF igual a 2. Amer et al. (2012) concluiram em seus estudos que individuos com
padrao trabecular normal exibem uma DF para mandibula e maxila de 1,5.

No ambito da Odontologia, a revisdo bibliografica da Gltima década mostra que a
analise fractal tem sido aplicada na caracterizacdo do estroma tumoral em carcinomas
epidermoides, na quantificacdo das mudancas estruturais associadas a inflamacdo aguda dos
tecidos mucosos, na quantificacdo da remineralizacdo apical como método para avaliar o
sucesso de tratamentos endododnticos radicais, e na caracterizagdo da osteointegracdo de
implantes com diferentes tratamentos de superficie, além de outras (RODRIGUES, 2016).

Uma pesquisa conduzida por Hu et al. (2013) avaliaram as alteracGes Gsseas peri-
implantares antes e ap6s o carregamento de implantes utilizando radiografias periapicais. A
AF das imagens foi realizada em 48 individuos envolvidos no trabalho. Os resultados obtidos
indicaram um aumento estatisticamente significativo da DF 1,4213+0,0525 antes e
1,4329+0,0479 180 dias apds o carregamento; (p <0,05). Os autores concluiram que a AF
pode ser uma ferramenta Util na deteccdo de alteracbes Osseas peri-implantares apos o
carregamento de implantes.

J& Lee et al. (2010) investigaram a correlacdo da AF de radiografias panoramicas e a
estabilidade priméaria de implantes instalados. Os dados encontrados mostraram que houve
uma correlacdo estatisticamente significativa (p<0,01) entre a AF e a estabilidade primaria
(mensurada em 1SQ). Os pesquisadores relataram que a AF de radiografias panoramicas pode
ser um preditor Util da estabilidade priméria dos implantes.

Marcantanio et al. (2015) realizaram um estudo com o objetivo de correlacionar a AF
a histomorfometria em LSM onde o 0sso autégeno foi empregado. O LSM foi realizado em

16 individuos para posterior instalacdo de implantes. Radiografias panoramicas foram obtidas
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antes da cirurgia (G1), ap6s o LSM (G2) e 180 dias ap6s (G3). Bidpsias foram realizadas 180
dias ap6s 0 LSM nos sitios que receberiam os implantes. Os resultados apontaram que houve
uma diferenca estatisticamente significativa (p < 0,05) entre G1 e G3. Todavia, ndo foi
encontrada diferenca estatisticamente significativa entre a AF e a histomorfometria. Os
autores concluiram que a AF em radiografias panoramicas se constitui em um método
confidvel para avaliagdo quantitativa do padrdo de remodelagdo 6ssea em SM submetidos a
levantamento.

Mu et al. (2013) compararam a dimensdo fractal do o0sso peri-implantar, em
radiografias panordmicas, imediatamente ap6s a carga protética e um ano depois. Verificou-se
que a dimensdo fractal aumentou com significancia estatistica no periodo considerado,
variando entre 1,4213 + 0,0525 e 1,4329 + 0,047. Denotaram também uma maior presenca de
células 6sseas multinucleadas e maior contato entre implante e 0sso, a custa da transformacao
morfoldgica do trabeculado 6sseo justa-implantar. Os autores hipotizaram a analise fractal de
radiografias como uma ferramenta Gtil no estudo da organizacdo Ossea peri-implantar, na
deteccdo de alteracdes da qualidade do osso circundante, e com aplicac@es clinicas relevantes.

De acordo com a Associacdo Europeia de Osseointegracdo (2015) existe uma forte
associacdo entre a falha na osseointegracdo de um implante e a qualidade 0ssea onde este
material esta inserido. Assim, torna-se clara a necessidade de se utilizar métodos objetivos de
analise dos resultados cirdrgicos, sendo que estes devem ser 0 menos invasivo possivel para o
paciente. Neste sentido, meétodos radiograficos de analise vém sendo constantemente
desenvolvidos. Entre eles podemos citar a densidade dssea radiografica, a analise fractal, a
andlise da textura e lacunaridade e a subtracdo radiografica digital.

Segundo Molon et al. (2015) a sensibilidade da analise da Dimensdo Fractal pode

corresponder a histomorfometria realizada em pacientes pos-enxertia em seios maxilares.

2.4 A utilizacéo da radiografia panoramica na mensuracgao dos enxertos

Segundo Molon et al. (2015) um dos determinantes mais importantes para 0 sucesso
dos implantes dentarios é a qualidade Ossea. Dentre os varios métodos para avaliar a
qualidade 0ssea, a DF é um método sensivel de analise de textura de imagem que pode prever
a qualidade do osso trabecular a partir de radiografias 2D com baixas doses de radiacdo. Os
autores registaram as variag0es na DF calculada a partir de radiografias panoramicas durante
0 processo de cicatrizacdo e ap0s colocacdo de enxertos autégenos em cirurgia de elevacao do

seio maxilar. Os resultados das analises realizadas foram efetivos em acessar o padrdo de
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remodelacdo 6sseo no seio maxilar, oferecendo informagGes complementares sobre
cicatrizacao e previsibilidade de resultados.

De acordo com Sakakura et al. (2003), as avaliacdes pré e pds-operatorias de cirurgias
de elevagdo de seio maxilar em enxertos Osseos sdo usualmente realizadas por imagens
radiogréaficas. A indicacdo da radiografia panoramica se justifica por ser um método de
aquisicdo de imagens comumente disponivel, que fornece uma visdo de muitas estruturas da
maxila e mandibula, de baixo custo e ndo invasivo.

De acordo com Kim et al. (2011) as radiografias panoramicas sao usadas na avaliacdo
pré-implantar e na sintese de protocolos de tratamento, podem ser empregadas para avaliar a
altura do osso alveolar residual no sitio que recebera o implante, determinar a localiza¢éo do
assoalho nasal e do piso maxilar, auxiliar no diagnéstico de lesGes nos maxilares e na
visualizacao do intervalo entre as raizes dentarias. Segundo Molon et al. (2015) e Sakakura et
al. (2003), a radiografia panoramica digital ainda € o exame radiografico mais solicitado por
implantodontistas na avaliacdo, planejamento, tratamento e acompanhamento p6s-operatdrio
de pacientes.

Bollen et al. (2001) compararam a dimensdo fractal (DF) de radiografias periapicais
com DF de radiografias panordmicas. Os resultados mostraram a possibilidade de diagnosticar
osteoporose por meio de andlise da DF de radiografias periapicais e de radiografias
panoramicas e constataram valores na mandibula inferiores as de maxila. Além disso,
concluiram que as radiografias panordmicas podem ser utilizadas como uma possivel

alternativa para a mensuracao da DF as radiografias periapicais.

2.5 Hidroxiapatita sintética Osteogen®

Osteogen® (Impladent®, Holliswood, NY) é uma hidroxiapatita (HA) sintética de
reabsorcdo lenta, ndo cerdmica e que apresenta propriedades osteocondutoras. A sua
organizacdo cristalina semelhante ao 0sso humano ndo contém inibidores de mineralizacéo,
como por exemplo, fosfato tricalcico ou pirofosfato, encontrada no HA ceramica. E
constituido por cristais alongados, ligados a um ndcleo central. Essa macroestrutura Ihe
confere grande hidrofilicidade e superficie de contato, facilitando a absor¢do de moléculas da
matriz extracelular, o recrutamento de células osteoprogenitoras e subsequente neoformacéo
0ssea (VALENZUELA et al., 2002).
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Os granulos de HA ceramica sdo diferentes dos cristais do tecido 6sseo ou do
Osteogen®, como evidenciado por espectroscopia de infravermelho e de difracdo de raios-X
(VALEN; GANZ, 2002). Os Cristais de hidroxiapatita do Osteogen® néo sio sintetizados a
altas temperaturas associadas as ceramicas. Dessa maneira 0 material ndo perde o seu estado
natural [Ca5 (PO4)3 (OH)] e mantém as suas propriedades fisico-quimicas semelhantes as do
0sso trabecular humano (BROWN; CONSTANTZ, 1994).

Shimizu et al. (2016), em um estudo, concluiu que as particulas de hidroxiapatita
podem melhorar a absorcdo de proteinas e a adesdo celular e que a estrutura porosa
tridimensional proporciona uma estrutura adequada para a formacao dssea osteoblastica.

A hidroxiapatita, o principal constituinte da fase inorganica do osso, ¢ empregada em
diversas areas da Medicina e da Odontologia devido as suas caracteristicas quimicas e
estruturais. As formas sintéticas compostas e puras de hidroxiapatita ndo causam uma resposta
inflamatoria exacerbada ou indesejada e ndo sdo antigénicas nem cancerigenas (UZEDA et
al., 2017).

Kolerman et al. (2012) relataram uma taxa de sucesso em torno de 97,91%, quando os
implantes foram instalados em seios com OSTEOGEN®.

Segundo Farias (2017) pode-se concluir que o indice de sobrevivéncia dos implantes
foi maior no grupo com Osteogen®, 97,91%, do que no grupo com Straumann BoneCeramic®,
95,45%, porém esta diferenga ndo foi estatisticamente significativa.

Valenzuela et al. (2002) realizaram um estudo em que defeitos 6sseos no processo
alveolar foram preenchidos com enxerto 6sseo de Osteogen®. Foram realizadas biépsias com
90 e 180 dias e cortes histoldgicos para observacdo em microscopia éptica e eletrdnica foram
obtidos. Péde-se observar trabéculas de tecido ésseo esponjoso circundando particulas de
Osteogen®, e entre as particulas do material e a superficie radicular um tecido conjuntivo
fibroso. Aos doze meses a maior parte das particulas implantadas se encontrava imersas em

tecido 6sseo lamelar.

2.6 Fibrina Rica em Plaquetas e Leucdcitos (L-PRF)

A aplicacdo dos agregados plaquetarios nas cirurgias de aumento 0sseo foi
inicialmente proposta por sua propriedade de liberacdo de fatores de crescimento. A primeira
geracdo destes agregados inclui, principalmente, o plasma rico em plaquetas (PRP) (MARX et
al., 1998) e o plasma rico em fatores de crescimento (PRGF) (ANITUA, 1999). Porém, eles



31

apresentam como possiveis desvantagens, uma maior complexidade técnica, o tempo para a
obtencdo, e a utilizacdo de substancias aditivas como: anticoagulantes (e.g. citrato de s6dio), e
coagulantes como o cloreto de calcio e/ou a trombina bovina (JOVANI-SANCHO et al.,
2016). E ainda, especificamente a trombina bovina apresenta risco de inducdo de
coagulopatias imunomediadas (RANDLEMAN JUNIOR et al., 2010).

A segunda geracdo dos agregados plaquetarios, a fibrina rica em plaquetas e leucocitos
(L-PRF) foi desenvolvida por Choukroun et al. (2001) com o intuito de facilitar a obtencéo e
a utilizacdo destes agregados sem o emprego de substancias aditivas. O protocolo para a
aquisicdo da L-PRF inclui: a coleta por venopungao de 1 a 8 tubos de sangue (9 a 10 ml, sem
anticoagulante) do utente implicado, e a imediata centrifugacdo dos tubos coletados a 2700
rpm/12 min. ou 3000 rpm/10 min (DOHAN et al., 2006a). Apos a centrifugagéo, o codgulo de
fibrina que se forma naturalmente no meio do tubo (L—PRF) esta pronto para ser utilizado.
Faz-se importante lembrar que estes agregados plaquetarios sdo extratos de células do tecido
sanguineo do utente em causa e deste modo classificados como um enxerto autégeno, e nao
como um produto farmacologico (DOHAN EHRENFEST et al., 2014).

A L-PRF ¢é um concentrado ou agregado plaquetario autdgeno que apresenta uma
arquitetura tridimensional particular formada por espessas fibras de fibrina polimerizada onde
ficam retidos componentes celulares e proteicos do sangue total (DOHAN EHRENFEST,;
RASMUSSON; ALBREKTSSON, 2009; DOHAN EHRENFEST, 2010). Rico em fibrina,
plaquetas, leucdcitos e citocinas, a L-PRF age como um regulador imunitario com capacidade
de controle do processo inflamatorio. E ainda, libera os fatores de crescimento, retidos em sua
malha de fibrina, de forma lenta e continua por um periodo de 7-14 dias (DOHAN et al.,
2006a; DOHAN EHRENFEST, 2010). Os principais fatores de crescimento derivados da
desgranulagdo das plaquetas sdo: os 3 isémeros de fatores de crescimento derivados das
plaquetas (AA, BB e AB), as 2 formas do fator transformador de crescimento (B1 e R2), fator
de crescimento vascular endotelial, fator basico de crescimento de fibroblasto-2 e fator de
crescimento epidérmico (MARTINEZ; SMITH; PALMA ALVORADO, 2015). O objetivo
esperado destes fatores de crescimento, quando utilizados localmente, em cirurgia oral, é
estimular e acelerar a cicatrizacdo dos tecidos moles e duros (DOHAN et al., 2006b). O
coagulo de L-PRF também pode ser transformado em uma membrana de cerca de 1mm de
espessura atraves da sua compressao em instrumento especificamente desenvolvido para este
fim, o0 PRF box® (Process for PRF, Nice, Franga) (DOHAN EHRENFEST, 2010). As
potenciais indicagdes clinicas para aplicacdo da L-PRF na cirurgia de elevag¢ao do assoalho

do seio maxilar incluem, por exemplo, a protecdo e¢/ou oclusdo de perfuracdes da membrana
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mucosa do seio (DISS et al., 2008), e a sua utilizagéo isolada, ou em associagdo com outros

biomateriais, nos procedimentos cirirgicos de enxertia do seio (MAZOR et al., 2009;

SIMONPIERI et al., 2011; TAJIMA et al., 2013).

2.7 Micro CT

A microtomografia computadorizada (Micro CT) é um método reprodutivel e eficiente
em termos de tempo para estudar espécimes de tecido duro em alta resolucdo. Estudos
mostram que as medidas morfolégicas por reconstru¢cdo com Micro CT se correlacionam
altamente com os resultados histomorfométricos, que é considerado o padrdo ouro para a
avaliacdo da microarquitetura 6ssea (CHAPPARD et al., 2005; MULLER et al., 1998).

O advento da microtomografia de raios X (Micro CT) é um grande avango em termos
de imagem nao destrutiva, devido a sua capacidade de dar uma caracterizacdo qualitativa e
guantitativa da amostra examinada em duas e em trés dimensdes na faixa do micrémetro. Um
dos principais campos de aplicacdo da Micro CT é na investigacdo de estruturas dsseas. O
0ss0 € um material hierarquico, para o qual dependendo do nivel de investigacdo, ao nivel do
orgdo (500um), nivel estrutural (50um), nivel do tecido (5um) ou nivel celular (0,5um), o
espago correspondente a cada resolugéo pode ser usada. As imagens de Micro CT contém
informacdes sobre o material e a estrutura da amostra examinada que podem ser usadas em
combinagdo com outras técnicas de exame, como teste mecanico ou modelagem de elemento
finito, para a investigacdo do comportamento da amostra sob carga, em relagdo a sua
composicdo e estrutura (PERILLI et al., 2008).

A Micro CT é uma técnica emergente que permite imagens ndo invasivas e
morfometria quantitativa da estrutura do osso defeituoso. E superior aos métodos usados
anteriormente de corte histologico, radiografia plana e tomografia computadorizada médica
para visualizar a arquitetura trabecular. Ela pode produzir imagens com resolugédo de dezenas
de microns. A imagem de alta resolu¢do é um avanco critico em relacdo aos métodos usados
anteriormente, pois estudos tém mostrado que avaliacdes precisas da microarquitetura
dependem da resolucdo (FAJARDO et al., 2001; MULLER et al., 1998).

2.8 A utilizacd@o da tomografia de feixe conico na mensuracgdo dos enxertos

A precisdo das medidas lineares obtidas por meio de TCFC e tomografia

computadorizada Multislice (TCMS), foram avaliadas por Suomalainen et al. (2008), através
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de medicBes em mandibulas de cadaveres, obtendo resultados satisfatorios em ambos os
tomografos.

Loubele et al. (2006) avaliaram quantitativamente a qualidade dos modelos
mandibulares obtidos a partir da TCFC e da TCMS, usando para medicdo cranios de
cadaveres. Os resultados mostraram diferencas significativas entre as espessuras dos
segmentos nas TCMS e TCFC, variando de 0,05 +/- 0,47 mm até 1,2 +/- 1,00 mm
dependendo da marca do tomdgrafo.

Kirmeier et al. (2008) avaliaram a estabilidade dimensional de diferentes materiais de
enxerto (Algipore®, Bio-Oss®, tibia, crista iliaca) apés a elevacdo do assoalho do seio maxilar
utilizando tomografias computadorizadas (TC). Duas TCs pds-operatorias foram realizadas
em 16 pacientes que foram submetidos a levantamento do seio maxilar. O primeiro exame foi
feito poucos dias ap0Os a intervencdo cirurgica e o0 segundo 46 meses mais tarde. Foram
reconstruidos 25 seios maxilares. O volume de formacdo Ossea foi calculado utilizando o
programa Somaris Sienet Magic Software View. Com base em medi¢fes volumétricas das
seccdes de imagem, a contracdo média foi de 26%. Os resultados indicam uma reducéo
significativa do volume do enxerto ap6s o LSM.

A literatura cita a utilizacdo da TC para analise do volume ésseo alcancado apés
procedimentos cirdrgicos de enxertia, como um método confiavel e preciso, fornecendo
imagens com pouca distor¢do (COSSO et al., 2014; JOHANSON et al., 2001; NYSTROM et
al., 1995; PELEG; MAZOR; GARG, 1999; SBORDONE et al., 2013; SMOLKA et al.,
2006).
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3 HIPOTESES

a)

b)

Hipdtese nula: A analise fractal através da utilizacdo de radiografia panoramica,
tomografia computadorizada de feixe conico e da Micro CT ndo sdo ferramentas
capazes de auxiliar na avaliacdo dos enxertos sinusais para planejamento cirargico
de instalagdo dos implantes;.

Hipdtese alternativa: A andlise fractal através da utilizacdo de radiografia
panordmica, tomografia computadorizada de feixe conico e da Micro CT
apresentam-se como ferramentas capazes de auxiliar na avaliagdo dos enxertos

sinusais para planejamento cirurgico de instalagcdo dos implantes.
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4 OBJETIVOS

4.1 Objetivo geral

Avaliar a microestrutura 6ssea, durante o reparo de 180 dias de enxertos sinusais,

utilizando-se o biomaterial Osteogen® + L-PRF.

4.2 Objetivos especificos

a)

b)

c)

d)

e)

f)

g)

h)

comparar a microestrutura 0ssea fractal em imagens TCFC do enxerto sinusal
utilizando-se biomaterial Osteogen® em T1 e T2;

avaliar e comparar a microestrutura 0ssea fractal em imagens TCFC do enxerto
sinusal utilizando-se biomaterial Osteogen® + L-PRF em T1 e T2;

avaliar e comparar a microestrutura 6ssea fractal em imagens TCFC do enxerto
sinusal utilizando-se biomaterial Osteogen® + L-PRF em T1;

avaliar e comparar a microestrutura 6ssea fractal em imagens TCFC do enxerto
sinusal utilizando-se biomaterial Osteogen® + L-PRF em T2;

comparar os valores de Dimensdo Fractal do Osteogen® em T2 com osso nativo € do
Osteogen® + L-PRF em T2 com 0ss0 nativo;

comparar os valores da Dimensdo fractal da radiografia panoramica, em T2 do
enxerto do Osteogen® + com L-PRF as imagens de estrutura dssea nativa;
comparar os valores da Dimensdo fractal da Micro CT e TCFC do enxerto do
Osteogen® + L-PRF ap6s 180 dias s imagens de estrutura 6ssea nativa;

comparar os valores da Dimensdo fractal da Micro CT e TCFC do enxerto
Osteogen® + L-PRF em T2;

avaliar os valores morfométricos obtidos pela Micro CT dos enxertos de

Osteogen® + L-PRF.
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5 MATERIAL E METODOS
5.1 Comité de Etica e Pesquisa

A pesquisa foi desenvolvida no Departamento de Odontologia no Campus Coragéo
Eucaristico da Pontificia Universidade Catolica de Minas Gerais, em Belo Horizonte.

Este estudo esta de acordo com as normas e diretrizes da resolucdo que regulamenta a
pesquisa com envolvimento em seres humanos, 466/2012 do Conselho Nacional de Saude.
Foi submetido e aprovado pelo Comité de Etica em Pesquisa da Pontificia Universidade
Catdlica de Minas Gerais (Numero: 29277014.5.0000.5137) (ANEXO A).

Os pacientes participantes foram devidamente informados do teor e os objetivos da
pesquisa, autorizaram a sua participacao na pesquisa atraves do preenchimento e assinatura do
Termo de Consentimento Livre e Esclarecido (TCLE). Todas as informagdes colhidas tiveram
finalidade exclusivamente cientifica e a ndo identificagdo e a privacidade do paciente na

pesquisa foi preservada.
5.2 Desenho do estudo

Foi realizado um estudo clinico, experimental, analitico, prospectivo, randomizado,
controlado e cego, utilizando-se de cirurgias de elevacdo dos seios maxilares de pacientes
com auséncia dental posterior, procedendo andlise de imagens de tomografias
computadorizadas de feixe conico nos tempos T1-10 dias e T2-180 dias ap0s 0s enxertos.
Andlise de imagens de radiografia panordmica em T2. As radiografias panordmicas e
tomografias de feixe conico foram separadas de acordo com o tipo de enxerto utilizado, bem
como no momento cirdrgico da instalagdo dos implantes foram coletados espécimes da area
dos enxertos para analise através da Micro CT. Assim, os grupos serdo de Osteogen® (grupo
controle) e Osteogen® + L-PRF (grupo teste).

5.3 Pacientes — Amostra do estudo

Utilizou-se o software G-Power (versdo 3.1.9.2%; Institute for Experimental
Psychology in Dusseldorf®, Alemanha) para o calculo do tamanho da amostra. Considerou-se
o nivel de significancia de 5%, o de poder de teste de 80% e o tamanho da amostra minimo

requerido foi de 15 pacientes. Uma amostra de 20 pacientes (40 seios maxilares), ambos os
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sexos (10 homens e 10 mulheres), na faixa etaria entre 21 e 75 anos (média + DP; 57,4 £
12,47 anos), sendo 13 edéntulos parciais e 7 edéntulos totais, portadores de area desdentada
posterior da maxila que optaram pela instalacdo de implantes como tratamento reabilitador e
que necessitaram de enxerto 6sseo no seio maxilar para posterior instalacdo desses implantes,
foram selecionados na Faculdade de Odontologia da Pontificia Universidade Catélica de
Minas Gerais (PUC Minas).

5.4 Critérios de elegibilidade

5.4.1 Critérios de inclusédo

a) prontuarios com documentacdo completa para o planejamento cirdrgico para
reabilitacdo sob implantes com tomografias inicial, 10 dias e 180 dias apds terem
sido submetidos a cirurgia de levantamento de seio maxilar com enxertos 6sseos
realizados no Departamento de Odontologia da PUC Minas;

b) edentulismo posterior superior com altura 6ssea menor que 4 mm;

c) concordancia em participar da pesquisa.

5.4.2 Critérios de exclusao

a) auséncia de documentacdo completa do caso;

b) exames que ndo apresentaram toda a imagem do seio maxilar;

C) exames que possuiam presenca de artefatos técnicos que dificultem a avaliacao
do SM;

d) exames com doengas ndo inflamatdrias que alteram o tamanho do SM;

e) tabagista;

f) condicBes patoldgicas no seio maxilar;

g) alteracGes sistémicas incapacitantes;

h) pacientes que fagcam uso de qualquer medicamento que possa interferir no
metabolismo 6sseo (ou seja, corticosteroides, bifosfonatos);

i) relacdo maxilo mandibular desfavoravel a instalacdo de implantes.
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5.5 Protocolo de trabalho

5.5.1 Analise do seio maxilar

Para avaliacdo de possiveis complicaces locais pré-operatdrias do seio maxilar, 0s
pacientes foram submetidos a tomografia de feixe codnico pré-operatdria, bem como

radiografia panoramica.

5.5.2 Etapa de Preparo do L-PRF

5.5.2.1 Coleta sanguinea

Todo material de coleta foi apresentado ao paciente em embalagem estéril e inviolada.
Uma enfermeira devidamente treinada e apta para tal procedimento realizou a coleta
sanguinea.

O paciente foi acomodado com o0 membro superior sobre uma base de apoio para a
exposicdo anterior da fossa antecubital. O garrote foi ajustado e foi realizada a selecdo da veia
(cefélica, intermédia antecubital ou basilica) por inspecdo, palpacdo digital e em seguida
realizada a antissepsia com algoddo umedecido em alcool a 70%.

A agulha foi introduzida em uma angulacdo obliqua de 15 a 30 graus, permitindo a
visualizacdo do retorno sanguineo no interior da canula plastica entre as extremidades
proximal e distal do scalp. Apos a introducdo do primeiro tubo, o garroteamento foi desfeito.

A coleta do sangue foi realizada com 8 tubos de vidro de 10ml sem ativador de
coagulo introduzidos no interior do adaptador, que foram comprimidos para perfuracdo da
tampa de borracha até o completo preenchimento do tubo.

Ao final da coleta do ultimo tubo, foi realizada a compressao no local da veia em que
0 sangue foi coletado e em seguida um curativo foi colocado. Imediatamente, os tubos
preenchidos foram levados a centrifuga e posicionados opostos um ao outro no rotor de

centrifugacdo para estabilidade vibracional do sistema.

5.5.2.2 Centrifugacéo

A centrifugacdo seguiu o protocolo Fibrin cirdrgico utilizando a centrifuga Montserrat

Fibrinfuge 25® (Zenith Lab Co, Changzhou Jiangsu, China), com uma forca centrifuga
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relativa (FCR) de 200G, durante 10 minutos, tendo seu inicio logo apds a venopungdo. A
centrifuga escolhida para o estudo apresentava angulo fixo de 25° idealizada para a obtencao
da L-PRF. Esse angulo promove melhor espalhamento leucoplaquetario que as centrifugas
convencionais (OLIVEIRA et al., 2018).

Ao término da centrifugacdo, as matrizes de fibrina foram removidas de dentro do
tubo, sendo realizado um leve debridamento da hemossedimentacdo e as membranas foram

colocadas em uma base perfurada e comprimidas.

5.5.3 Etapa de reconstrucéo 0ssea

Como medida profilatica, todos os pacientes receberam 1 g de amoxicilina, 1 hora
antes da cirurgia, que foi mantida por 7 dias no periodo pos-operatorio. A terapia
medicamentosa consiste em 1 dose de 4 mg de Dexametasona, 12 horas antes do
procedimento, outra dose de 4mg 1 hora antes e uma Ultima dose de 4 mg 12 horas ap6s o
procedimento (ZENOBIO et al., 2018).

a) anestesia local (Lidocaina 2% com Adrenalina 1:100.000) de uso comercial;

b) acesso cirdrgico de acordo com Boyne e James (1980);

¢} osteotomia utilizando a técnica Caldwell Luc para acesso e remocdo completa da
janela dssea da parede lateral do seio;

d) descolamento e levantamento cuidadoso da membrana de Schneider;

e) insercdo do Osteogen® em um dos lados escolhidos de forma aleatdria e 0 mesmo
biomaterial associado a L-PRF do lado contralateral;

f) colocacdo de uma membrana de L-PRF para fechamento da janela lateral de
acesso ao seio maxilar em ambos os lados nos dois materiais utilizados;

g) realizacdo de sutura sem tensdo tecidual.

5.5.4 Etapa de controle p6s-operatorio e obtencdo das imagens

a) avaliacdo do pos-operatorio clinico em 10 dias e 15 dias, periodo de remoc¢éo da
sutura, realizacdo da tomografia pds-operatoria (10 dias — T1) para controle do
enxerto e sua primeira mensuracao;

b) reavaliagéo clinica aos 30, 60 e 90 dias;
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c) 180 dias (T2): novo exame tomografico e realizacdo de exame panordmico para o

planejamento dos implantes e realizacdo das segundas medidas.

5.5.4.1 Analise tomogréafica

As imagens foram obtidas através de TCFC com cortes de 1mm de espessura e
intervalos de 1 mm, tendo como referéncia o plano oclusal, e foram adquiridas utilizando o
equipamento Carestream CS 8100 Digital Panoramic and Cephalometric System® (East
Carestream Company®, Rochester, Nova York, EUA), parametros: 140 kHz, 70-90 kV e 8-10
mA. As imagens foram salvas em formato DICOM (Digital Imaging and Communication in
Medicine) e importadas para o software CS 3D Imaging software (Carestream Dental LLC®,
Atlanta, Georgia, USA).

Um radiologista experiente e treinado delimitou manualmente as areas dos cortes
axiais preenchidas pelos enxertos e calculou, por meio das ferramentas do programa, 0s

volumes iniciais e finais, assim como as altera¢des volumeétricas.

5.5.4.2 Andlise da radiografia panoramica

Para correlacionar os valores das dimensdes fractais obtidas na TCFC, foi feita a
analise fractal na maxila em radiografias panoramicas obtidas através do aparelho
CARESTREAM 8100 Digital Panoramic and Cephalometric System® (East Carestream
Company®, Rochester, Nova York, EUA). Para realizacio da AF foi selecionada a regido de
interesse (ROI) delimitando todo o enxerto e as areas foram avaliadas e padronizadas por
meio de um ponto de referéncia localizado na regido central do enxerto 6sseo. No 0sso nativo
a ROI do tuber da maxila foi selecionada na regido central da parte posterior da maxila, apos
0 término do seio maxilar. Na regido do pilar canino foi selecionada uma area 3mm acima do
apice radicular do canino, quando este ou o primeiro pré-molar superior estava presente. Na
auséncia destes, a area selecionada foi na regido central entre o final da abertura piriforme e
inicio do seio maxilar e base 6ssea residual a nivel de crista dssea. O célculo dos valores

fractais foi realizado.
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5.5.5 Analise fractal

Para realizacdo da AF foi selecionada a regido (ROI) do enxerto ésseo realizado em
seio maxilar bilateralmente em T1 e T2 nos grupos de enxertos.
A ROI para avaliagdo tomografica foi de 100 x 100 pixels e foi selecionada na regido

central nos trés planos de corte (axial, coronal e sagital) (Fig. 1).

Figura 1: Selecdo da ROI (corte axial, coronal e sagital) TCFC

Fonte: Elaborado pelo autor

Tanto para as imagens da TCFC quanto para a imagem panoramica a DF foi calculada
por meio do método de Box-countig (White; Rudolph, 1999), onde as regides selecionadas
foram avaliadas pelo programa ImageJ™ (National Institutes of Health®, Bethesda, Maryland,
USA). Apos a duplicacdo da ROI, foi demovido o ruido da imagem através da ferramenta
despeckle e em seguida aplicado o filtro Gaussiano (o = 35) para sombreamento. A imagem
sombreada foi subtraida da imagem inicial e uma escala de cinza foi adicionada. A ROI foi
transformada em um padrdo binario, invertida e esqueletizada. ApOs as operagdes
morfolégicas matematicas, a imagem esqueletizada foi coberta por boxes de tamanho
variados. O numero de boxes contendo os pontos limites foi contabilizado e o processo
repetido para os diversos boxes de diversos tamanhos (Figs. 2 e 3). Assim, a DF foi estimada
da seguinte forma: S=log (nimero de boxes) x log (tamanho do Box) entdo a DF = (1-S).
(Figs. 4a12).
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Figura 2: Selecdo da ROI (Imagem Tomografia-ROI em reconstrugdo panoramica)
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Fonte: Elaborado pelo autor

Figura 3: Processo de obtencdo da DF por meio do método box-counting

Fonte: Elaborado pelo autor

Figura 4: Duplicacéo da ROI
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Figura 5: Remocé&o do ruido
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Figura 6: Aplicacéo do filtro Gaussiano

& Image
File Edit Image WEOEEEEN Analyze Plugins Window Help
.ggﬁ Smoath Ctrl+Shift+S
Freehand selections Sharpen

Find Edges

100100 pixels; RGE; 39 Find Maxima. .
Enhance Contrast...

Noise
Shadows
Binary
Math
FFT

Filters

Batch

Image Calculator...
Mean...

Subtract Background...

Repeat Command Ctrl+R NI
Maximum. ..
Unsharp Mask...

Variance. ..

Fonte: Elaborado pelo autor



47

Figura 7: Subtracao da imagem
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Figura 8: Escala de cinza
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Figura 9: Obtencdo da imagem binéria
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Figura 10: Obtencéo da imagem esqueletizada
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Figura 11: Ferramenta do método box-couting
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Figura 12: Resultado obtido
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Um radiologista, experiente e treinado realizou a analise das imagens bem como a

Andlise Fractal:

a) analise pelo método box-counting;
b) Calculo da dimensdo fractal. Analise tomogréafica e panoramica com recurso ao

software open source ImageJ ™ disponibilizado pelo National Institutes of

®
Health .
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5.5.6 Analise Micro CT

Apds o periodo cicatricial de 180 dias e no momento da instalacdo dos implantes
osseointegrados foi removido material para anéalise no micro tomdgrafo Bruker®
(Kartuizersweg 3B 2550 Kontich, Belgium) sendo coletado com uma broca trefina Herta®
(Ribeirdo Preto — SP — Brasil) de 3mm do lado onde foi realizado o enxerto de Osteogen® +
L-PRF e o lado controle do Osteogen®. O material foi analisado seguindo as seguintes

orientagdes:

a) analise da regido central em cortes de 0.7 mm x 0.7 mm x 0.7 mm;

b) analise de um volume maior em cortes de 2 mm x 2 mm x 2 mm.
5.5.7 Anélise estatistica

Os dados coletados durante a avaliagdo das tomografias computadorizadas de feixe
conico, radiografias panoramicas e das imagens da Micro CT foram analisados por testes
paramétricos e ndo paramétricos quando adequados. Variaveis como idade e género poderdo
ser investigadas por analise uni e multivariada.

Os dados foram inicialmente submetidos ao teste de normalidade F, que demonstrou a
distribuicdo normal. Para a analise comparativa entre os grupos nos tempos (T1 e T2) e entre
0s materiais, foi utilizado o teste Anova com Tukey (O Teste de Tukey consiste em comparar
todos os possiveis pares de medias e se baseia na diferenca minima significativa). O teste T de
Student foi utilizado para avaliar a existéncia de diferencas nos materiais.

O software GraphPad Prism 6.05 (GraphPad®  Software, San Diego, Califérnia,
EUA) que foi utilizado para esta analise foi escolhido apds a coleta dos dados. As andlises
foram realizadas no software Diferencas serdo consideradas estatisticamente significativas

quando o valor de p for menor que 5%.
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Abstract

Introduction: Fractal analysis is one of the methods of evaluating post-grafted sites used in
dentistry to assist in surgical planning and to project whether the condition of bone tissue is
favorable for the installation of osseointegrated implants. Objective: To compare the fractal
analysis obtained by means of cone-beam computed tomography (CBCT) images and
panoramic radiographs of the graft of a synthetic hydroxyapatite and its association with L-
PRF after the elevation of the maxillary sinus floor comparing it with native bone. Materials
and Methods: A sample of 20 patients was included in the study and CBCTs were performed
in the period of 10 days (T1) and 180 days (T2) after the surgical procedure. Fractal graft
analysis (Osteogen® + L-PRF and Osteogen®) were performed at T1 and T2. Panoramic
radiographs were performed in T2 for analysis and comparison of values by fractal
dimension. Results: In the CBCT, there was a statistically significant difference (p <0.05)
when comparing the mean values of the fractal analysis between Osteogen® + L-PRF in T1
and T2, also in the comparison between T1 and T2 for Osteogen®. Still in the CBCT, there
was no statistically significant difference (p> 0.05) when comparing the means of fractal
analysis between Osteogen® + L-PRF in T1 with Osteogen® in T1, and also in the comparison
between Osteogen® + L-PRF in T2 with Osteogen® in T2 and between Osteogen® and
Osteogen® + L-PRF with native bone values. In the comparison between fractal analysis of
the CBCT and panoramic radiography, the values obtained showed discrepancy, with the
values of the graft area and native bone area being higher in the CBCT, and there was
statistically significant difference (p<0.05). Conclusion: In the present study, the values of the
fractal analysis obtained from the analysis of the sinus grafts did not show correlated values
between the tomographic and radiographic techniques presented, as well as the comparison
with the areas of native bone. Thus, different bone reconstruction patterns obtained in grafts

should be considered in relation to native bone.

Keywords: Maxillary Sinus. Fractals. Biocompatible Materials. Cone-Beam Computed

Tomography.
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Introduction

The insufficient height of the residual bone in the toothless posterior maxilla is a
common difficulty for the installation of dental implants. Pneumatization of the maxillary
sinus creates a need for bone volume gain when it is insufficient in the posterior area’® The
lateral window approach, alone or with simultaneous implant placement, is the maxillary
sinus augmentation technique with better prognosis and predictability®.

Various grafting procedures to restore adequate bone volume and allow the placement
of endosseous implants in the posterior maxilla have been described. These procedures
include the use of autografts, allografts, xenografts, alloplastic bone and, recently, platelet
concentrates associated or not with grafts”.

Although satisfactory results have been achieved using various biomaterials in
increasing the height of the alveolar bone (reduction of the maxillary sinus)®, there are still
analysis to be done to assess ideal combinations of materials and conditions for improve bone
regeneration properties and long-term stability in the surgical site.

Hydroxyapatite, the main constituent of the inorganic phase of bone, is used in several
areas of Medicine and Dentistry due to its chemical and structural characteristics. The
synthetic and pure forms of hydroxyapatite do not cause an exacerbated or unwanted
inflammatory response®.

Osteogen® is a synthetic hydroxyapatite with osteoconductive potential, understood as
the property of the graft materials that, due to its physical characteristics, acts as a basis
around the ossification processes’.

Another material used is platelet concentrates that have in their use the idea of
improvement in healing and bone formation acting in the release of growth factors. The
components of this fibrin and platelet network contain large amounts of key growth factors,
such as platelet-derived growth factor, transforming growth factor R1 and 32 and vascular
endothelial growth factor, capable of stimulating cell proliferation and improving
angiogenesis®.

Currently, many techniques are recommended to assess bone quality and characterize
quantitatively structural changes in bone in places for future implant installation, such as:
histological evaluation'*, computed tomography (CT)’, fractal analysis (FA)? and Micro
CcT** Among them, fractal analysis was introduced as a precise, easily available and low-
cost method®.

In this context, the present study analyzed by means of fractal analysis of cone-beam

computed tomography (CBCT) images and panoramic radiographs of the sinus grafts of
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Osteogen® and Osteogen® + L-PRF in the 180-day repair period and compared it with native

bone.

Materials and methods

A clinical, experimental, analytical, prospective, randomized, controlled and blind
study was carried out. This study was approved by the institution's Research and Ethics
Committee. Participating patients were properly informed about the content and objectives of
the research and were supported by the right to non-identification and privacy. The inclusion
criteria were: patients who presented bone remnants with a height of less than 4 mm,
requiring bone graft in the posterior region of the maxilla for future installation of implants,
who agreed to participate in the research and with the terms of the present study. The
exclusion criteria were: patients with systemic changes that indicate a surgical procedure or
use of any medication that may interfere with bone metabolism, smoker, tests that did not
show the full image of the maxillary sinus, tests that had the presence of technical artifacts
that hinder the evaluation of the maxillary sinus, maxillary mandibular relation unfavorable to
the installation of implants, pathological conditions of the maxillary sinus or history of
surgery of the maxillary sinus. For the sample calculation, the G-Power software (G* Power,
version 3.1.9.2; Institute for Experimental Psychology®, Dusseldorf, Germany) was used. The
level of significance considered was 5%; the test power was 80% and the minimum sample
size required was 15 patients. The study involved the participation of 20 patients (10 men and
10 women) aged between 48 and 75 years (mean £ SD, 59.05 * 8.77). Partial edentulous
patients totaled 13 and total edentulous patients 7. Bilateral maxillary sinuses were randomly
assigned to the Osteogen® group (Impladent, Ltd®, Holliswood, NY) + L-PRF and the
Osteogen® control group (Impladent, Ltd®, Holliswood, NY) immediately before surgery by
computer drawing. CARESTREAM 8100 Digital Panoramic and Cephalometric System® was
used to acquire panoramic radiographs (East Carestream Company®, Rochester, New York,
USA). In the CBCT, the region of interest (ROI) was selected, delimiting the entire graft in
the three planes (axial, sagittal and coronal). The areas were evaluated and standardized using
a reference point located in the central region of the bone graft. To perform FA on panoramic
radiography, ROl was selected in the central grafted region. Both in the CBCT and in the
panoramic radiography, in the native bone the ROI of the maxillary tuber was selected in the
central region of the posterior part of the maxilla, after the end of the maxillary sinus. In the
canine pillar region, an area 3 mm above the canine’s root apex was selected, when this or the

first upper premolar was present. In their absence, the selected area was in the central region
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between the end of the pyriform opening and the beginning of the maxillary sinus and residual
bone base at the level of the bone crest. The calculation of fractal values was performed using
the Box-couting method, using the open source software ImageJ” made available by the
National Institutes of Health®. The selected region was processed using the fractal analysis
technique described by White and Rudolph®’. After calculating the fractal values in the

CBCT, an average was performed between the values of the axial, sagittal and coronal planes.

Work protocol
Analysis of the maxillary sinus

Before the maxillary sinus lifting surgery, the L-PRF was prepared, for centrifuging
the blood collected from the patient, the Fibrin® surgical protocol was used™ using the
Montserrat Fibrinfuge 25® centrifuge (Zenith Lab Co®, Changzhou Jiangsu, China). Blood
collection was performed with 8 glass tubes with 10 ml without clot activator inserted inside
the adapter. Immediately, the filled tubes were taken to the centrifuge and positioned opposite
each other on the centrifuge rotor for vibrational stability of the system. The clots were
removed from the tube, a slight debridement of the hemosedimentation was performed, and
the membranes were placed on a perforated base, compressed, perforated and mixed with the
Osteogen® biomaterial. Patients underwent preoperative CBCT performed on cone beam
tomographs, Carestream® CS 8100 Digital Panoramic and Cephalometric System® (East
Carestream Company®, Rochester, New York, USA) to assess possible pre-local operatives of
the maxillary sinus. Bone reconstruction took place in two stages. Stage two involved bone
reconstruction, and was performed in the following stages: a) The surgical procedure for
maxillary sinus elevation was performed by the same surgeon who worked according to
Zenodbio et al.**; b) After the maxillary sinus floor membrane was elevated, the Osteogen®
biomaterial (Impladent Ltd®, Holliswood, NY) was inserted into one of the randomly chosen
sides (Figures 1 and 2), and the same biomaterial associated with L-PRF was inserted on the
contralateral side (Figure 3); c) An L-PRF membrane was placed to close both sides of access
to the maxillary sinus window; d) Suture was performed without tissue tension. The stages of
stage three were postoperative control and image acquisition: a) Postoperative clinical
evaluation was performed at 7 days and 10 days (suture removal period), postoperative
tomography was performed (10 days); b) The clinical reassessment was performed at 30, 60
and 90 days; c¢) Panoramic radiography, tomography and implant planning were performed

180 days postoperatively, and a second measurement was obtained.
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Obtaining and analyzing tomography data and comparison with panoramic
radiography

Computed tomography scans were performed using cone beam scanners, Carestream®
CS 8100 Digital Panoramic and Cephalometric System® (East Carestream Company®,
Rochester, New York, USA), 0.3mm voxel size, with an exposure time of 40 seconds. The
cuts were 1mm thick with Imm intervals and multiplanar reconstructions with reference to the
occlusal plane. The 40 exams were saved in the Digital Imaging and Communication in
Medicine (DICOM) format and imported into CS3D Image® software (Carestream Dental
LLC®, Atlanta, Georgia, USA). The manipulation of the software and the analysis of these
measurements were performed by an experienced and trained radiologist. The observer
manually delimited the cut areas filled by the grafts in the initial and final images.

To correlate the values of the fractal dimensions obtained in the T2-weighted CBCT, a
fractal analysis was performed on the maxilla (maxillary tuber, canine pillar and graft areas
bilaterally) on panoramic radiographs obtained using the CARESTREAM 8100® Digital
Panoramic and Cephalometric System® (East Carestream Company®, Rochester, New York,
USA). Both in the CBCT and in the panoramic radiography, in the native bone, the ROI of the
maxillary tuber was selected in the central region of the posterior part of the maxilla, after the
end of the maxillary sinus (Figures 4A, 4B, 4C and 7A). In the canine pillar region, an area 3
mm above the canine's root apex was selected, when this or the first upper premolar was
present. In their absence, the selected area was in the central region between the end of the
pyriform opening and the beginning of the maxillary sinus and residual bone base at the level
of the bone crest (Figures 5A, 5B, 5C and 7B). To perform FA in the CBCT, the region of
interest (ROI) was selected delimiting the entire graft in the three planes (axial, sagittal and
coronal) (Figures 6A, 6B and 6C). The areas were evaluated and standardized using a
reference point located in the central region of the bone graft. To perform FA on panoramic
radiography, ROI was selected in the central grafted region (Figure 7C). The calculation of
fractal values was performed using the Box-couting method, using the open-source software
ImageJ™ made available by the National Institutes of Health®. The selected region was
processed using the technique described by White and Rudolph®2. After calculating the fractal
values in the CBCT, an average was performed between the values of the axial, sagittal and

coronal planes.
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Measurement evaluation

The volume obtained in axial, sagittal and coronal sections was calculated using the
ImageJ™ software (National Institutes of Health®, Bethesda, Maryland, USA) and fractal
analysis was obtained at times T1 and T2. In the case of panoramic radiography, the graft
area was delineated and analyzed using the same program used in cone beam tomography in
T2.

Statistical analysis

The data were initially submitted to the F normality test (to assess normality), which
demonstrated its normal distribution. For the comparative analysis between groups at times
(T1 and T2) and between materials, the Anova test with Tukey was used. Student's t-test was
used to assess the existence of differences in materials. The level of significance adopted was
5%. The analysis were performed using the GraphPad Prism 6.05 software (GraphPad
Software, San Diego, California, USA).

Results

No complications were observed during surgical procedures. In the CBCT, there was a
statistically significant difference (p <0.05) when comparing the average values of the fractal
analysis between Osteogen® + L-PRF in T1 (1.347) and T2 (1.318), also in the comparison
between T1 (1.353) and T2 (1.304) for Osteogen®. Still in the CBCT, there was no
statistically significant difference (p> 0.05) when comparing the means values of fractal
analysis between Osteogen® + L-PRF in T1 (1.347) with Osteogen®in T1 (1.353), and also in
the comparison between Osteogen® + L-PRF in T2 (1.318) with Osteogen® in T2 (1.304) and
between Osteogen® and Osteogen® + L-PRF with native bone values. In the comparison
between fractal analysis of the CBCT and panoramic radiography, the values obtained showed
discrepancy, with the values of the graft area and native bone area being higher in the CBCT
than in the panoramic radiography, and there was statistically significant difference (p> 0.05)
(Table 1).
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Discussion

One of the most important factors for achieving clinical success of dental implants is
bone quality, and several methods are used to assess bone quality and quantity in the dental
field, among them: histological analysis, computed tomography and fractal analysis’.
Histological examinations are considered the gold standard for the evaluation of bone
microarchitecture, however they are considered very invasive**>. Due to the lack of an
efficient protocol that assesses the quality of bone tissue after sinus grafts, the possibility of
FA associated with the image of CBCT and panoramic radiography sent us to an orientation
regarding the grafted bone tissue after the repair period 180 days.

Servais et al.*® reported that in terms of FA, an area with 0% bone would correspond
to a FD equal to 1, and a region with 100% bone would correspond to a FD value equal to 2.
Amer et al.”’, reported that the standard FD value for healthy bone was 1.5, and in our sample
the highest value was 1.353 Osteogen® in T1 on the CBCT and 1.044 on the panoramic
radiography, in the canine pillar region. It is worth mentioning that in the study by Amer et
al.'’, periapical intraoral radiographs were used, while the present study used CBCT and
panoramic radiographs, which can lead to different results, given the overlapping images of
anatomical structures and distortion of bone structures present on radiographs, which can lead
to outliers of FD.

According to the analysis of the FD of panoramic radiographs and CBCT in the
present study, the values obtained showed discrepancies, and in the CBCT there was greater
tissue organization of the mean value obtained, which was 1.341 for native bone, and the
panoramic radiography presented the value average of 1.042 for the same area. In the analysis
of the panoramic radiographs of the FD in the graft areas, the average value on the Osteogen®
side was 1.022, and on the L-PRF + Osteogen® side was 1.027, these results being divergent
and with a statistically significant difference (p <0.05) with the analysis of CBCT in T2,
where the values were 1.304 side Osteogen® and 1.318 side LPRF + Osteogen®. According to
Kiljunen et al.®* panoramic radiographs have the limitations of a two-dimensional
examination with anatomical overlapping and geometric distortion. It is believed that the
limitations of the radiographs led to differences in the results, in addition to the difficulty of
correctly designing the panoramic radiograph image in relation to the CBCT.

In the present study, the FD values analyzed on panoramic radiography were, on
average, for native bone 1,042. Gumussoy et al.** compared FD between patients with and
without chronic kidney disease, and reported that the value found on panoramic radiographs

for dental apexes of the second premolar and mandibular left first molar was 1.411 in the
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healthy group, different regions than those chosen in the present study, which may justify this
difference between the values. In a study to determine the pattern of bone remodeling after
lifting the maxillary sinus in humans using the fractal dimension (FD) using panoramic
radiographs, Molon et al.?, found the value of FD 1.750 after 180 days of the procedure, while
the values obtained in our study also after 180 days and also using panoramic radiographs, the
values found were Osteogen® 1.022 and Osteogen® + L-PRF 1.027. Analyzing and comparing
the average values of fractal analysis of panoramic radiographs images and materials tested in
our study with Molon et al.?, we can report a discrepancy in the values obtained for graft
areas, which may suggest that these differences found between the values were due to the
different regions analyzed. Likewise, when analyzing and comparing the average values of
fractal analysis of panoramic radiographs images of native bone with Gumussoy et al.* it is
suggested that the divergence of values also occurred due to the different regions analyzed.

It was also observed that the mean values obtained between the tested materials
Osteogen®, Osteogen® + L-PRF and native bone values, through fractal analysis in panoramic
radiographs and CBCT (Table 1), presented divergence in the obtained values, which may be
related to the imaging technique employed or the selection of the study area. Torres et al.
(2011) used CBCT to compare FD between patients with osteonecrosis associated with
bisphosphonate and a healthy control group. The results showed higher values of FD in the
study group 1.67-1.72 than in the control group 1.65-1.67. This result is similar to those
obtained by Demiralp et al.’, who used panoramic radiographs in their study to assess the
trabecular pattern of cancer patients taking bisphosphonates using FD analysis and comparing
their results with those of healthy individuals. Mean FD values were higher in the study group
(1.39) than in the control group (1.38) without statistically significant difference (p >0.05).
These findings corroborate the values of the present study, where the values of FD in the
CBCT of the study group (Osteogen® + L-PRF) in T2 was 1.318, higher than in the control
group (Osteogen®) which in T2 was 1.304. The differences in the FD values found in these
studies may have been due to the methodological difference from previous studies.

In the CBCT, the data obtained did not indicate an increase in FD in the interval from
T1 to T2 when comparing the values of Osteogen®, which could lead us to a better cellular
organization with a longer repair time (T1: 1.353 and T2: 1.304) with statistically significant
difference (p <0.05). The FD values were also lower in T2 when comparing Osteogen® + L-
PRF (T1: 1.347 and T2: 1.318) in the CBCT, this difference being statistically significant (p
<0.05). These findings differ from those obtained in the study by Heo et al.?*, where the FD

gradually increased according to the time interval of the analysis. Molon et al.’, reported that
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there was an increase in FD in the analyzed groups. However, in the present study, the FD
value in T1 and T2 was obtained from an allogeneic graft and using CBCT, whereas in the
study by Molon et al.? used autogenous bone grafts and the FD values were obtained through
panoramic radiography. Because it uses three-dimensional images, unlike panoramic
radiography, CBCT is more accurate in portraying the bone microstructure of the grafts.

Fazzalari et al.??

showed that certain values obtained by fractal analysis may suffer
interference from some constant factors in images close to the area selected for evaluation,
being a factor to be considered when fractal analysis in panoramic radiographs, which may
present an image overlapping.

Trindade-Suedam et al.3

reported the testing of various materials by fractal analysis in
rabbits after maxillary sinus grafting, where they obtained higher mean values than those
reported in our study, however the species evaluated by these authors differs from the present
study, which may justify the divergence between the values found.

Kozakiewicz et al.?* used FD of periapical radiographs to evaluate the effectiveness of
different bone replacement materials in filling alveolar defects, the authors observed that there
was variation in the repair patterns of different materials over the observational time, showing
that there is an individual pattern of tissue remodeling. The fractal analysis of this study
showed higher values for native bone compared to biomaterials used in bone defects, the data
being similar to our work when we obtained higher FD values in panoramic radiographs in
the region of native bone compared to the tested materials.

Several authors®?%

report that there is no statistically significant difference between
several biomaterials associated with L-PRF, in addition they reported that the combination of
materials with L-PRF provides a healing improvement with decreased bone maturation time.
These findings corroborate our work, because when comparing the use of Osteogen® + L-PRF
in T1 with Osteogen® in T1 in CBCT, there was no statistically significant difference, as well
as there was no statistically significant difference when comparing these biomaterials in T2.
According Rodrigues®’, the FD values are between 1 and 2, with 1 corresponding to
the value of a structure that fills nothing or practically nothing from a predetermined fixed
space. When the fractal dimension corresponds to 2, this biological structure occupies the
entire available space of a region with a predeterminate area. High values of fractal
dimension, close to 2, indicate more complex bone structures; values closer to 1 represent less
complex structures. In the CBCT in our study, the FA values of the biomaterials evaluated
were closer to 1 in T2 than in T1, suggesting that in T2 the structures were less complex and

that the graft was replaced by bone, with repair and healing.
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In the study by Kato et al.?®

, the authors report the lack of standardization for the
selection of ROI and definition of FA, these should be better delineated so that the following
data are presented, as in our study: image details, such as resolution, size, location and
selection of bone tissue evaluation standards.

In the ImageJ” program, which was used in the present study to calculate fractal
analysis, there is not the possibility of calibrating the removal of noise from images using the
despeckle tool, which can reduce the quality of the image and the analysis made, especially in
panoramic radiographs, which already have the limitation of a two-dimensional examination

with low resolution and greater overlapping of structures®®,

Conclusion

In the imaging techniques tested in the present study to assess bone structure in sinus
graft materials, it is assumed that there were different patterns of bone remodeling after
maxillary sinus elevation surgery. Fractal analysis proved to be an easy method to perform
and that allows the evaluation of bone structure. However, the standardization of the fractal
analysis methodology is necessary, in order to allow reliable results and make it possible to

obtain an effective preoperative analysis.
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Tables
Table 1: Comparison of fractal analysis of the different groups studied (Osteogen® x L-PRF +

Osteogen®)
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Table 1 (comparison fractal analysis of grafts and native bone values between cone beam computed

tomography and panoramic radiography in T1 and T2)

Tl T2 p value
OSTEOGEN® CBCT 1.353+£0.105 a 1.304 £ 0.083 aB < 0.05*
L-PRF + OSTEOGEN®CBCT  1.347+0.078 a 1.318 £ 0.090 aB < 0.05*
OSTEOGEN® CBCT 1.353+£0.105 > 0.05

L-PRF + OSTEOGEN®CBCT ~ 1.347+0.078

OSTEOGEN® CBCT 1.304 £ 0.083 >0.05
L-PRF + OSTEOGEN® CBCT 13180090

Canine Pillar CBCT 1.343+£0.081 B

Maxillary Tuber CBCT 1.339+0.062 B

Native Bone CBCT 1.341 £ 0.053

OSTEOGEN® panoramic 1.022 + 0.096

L-PRF + OSTEOGEN® 1.027 + 0.084 < 0.05*
panoramic

Canine Pillar panoramic 1.044 + 0.067

Maxillary Tuber panoramic 1.040 + 0.059 <0.05*
Native Bone panoramic 1.042 £ 0.045

Means with standard deviations followed (*) differ by Student's T test, horizontally, in the comparison between
the moments (T1 and T2).

Means with standard deviation followed by lowercase letters do not differ by Student's T test, vertically, at
moments T1 (p = 0.39) and moment T2 (p = 0.19).

Means with standard deviation followed by different letters differ by the ANOVA test with Tukey's post hoc,
vertically at T2, with a significance level of p = 0.05.
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Legend Figures

Figure 1: Access to the maxillary sinus lateral wall

Figure 2: Biomaterial insertion in the maxillary sinus

Figure 3: L-PRF membrane interposition in the lateral access of the sinus after placing the
material

Figure 4: CBCT reference point for selection of ROI in the region of the maxillary tuber in the
axial (A), coronal (B) and sagittal (C) sections on the left side

Figure 5: CBCT reference point for selection of ROI in the canine pillar region in the axial
(A), coronal (B) and sagittal (C) sections on the left side

Figure 6: CBCT reference point for selection of ROI in the graft region in the axial (A),
coronal (B) and sagittal (C) sections on the left side

Figure 7: Reference point on panoramic radiography for selection of ROI in the region of the

maxillary tuber (A), canine pillar (B) and graft (C) on the right side
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Figure 6

Figure 7
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Abstract

Introduction: The analysis of bone structure after grafting in the maxillary sinus requires
studies to define a standardization, either through radiographic, tomographic analysis, analysis
by microtomography (Micro CT) images or fractal analysis of these images. Objectives: To
evaluate and compare the structure of bone organization of sinus grafts in the repair period of
180 days by means of fractal cone-beam computed tomography (CBCT) images and
specimens evaluated by Micro CT. Materials and Methods: A prospective, randomized
clinical study was conducted on a sample of 20 patients with 40 maxillary sinuses in a split
mouth design. CBCTs were performed 180 days after the surgical procedure and were used
for image analysis. After this period, a specimen from each graft (Osteogen® + L-PRF and
Osteogen®) was obtained at the time of implant placement for analysis of the Micro CT, and
fractal analysis of the images of the Micro CT and the CBCTs. These images were also
compared to native bone. Results: In the comparison of the values of the fractal analysis
between Osteogen® in the CBCT and in the analysis by Micro CT, a statistically significant
difference was observed (p <0.05), as well as in the comparison between Osteogen® + L-PRF
in the CBCT and in the analysis by Micro CT. When compared with native bone, a
statistically significant difference was also observed (p<0.05). Conclusion: The statistical
difference between fractal analysis of tomographic images, grafts, as well as Micro CT
images in relation to native bone presupposes different patterns of bone structures and sinus
grafts.

Keywords: Micro CT, Fractals, L-PRF, Cone-Beam Computed Tomography.
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Introduction

The loss of teeth and the subsequent lack of functional loading of the alveolar crest
through the periodontal ligaments lead to alveolar atrophy, which combined with sinus
pneumatization can result in a decrease in bone volume in the edentulous posterior maxilla to
the point of preventing rehabilitation with prostheses supported by dental implants. Raising
the floor of the maxillary sinus is a safe and predictable surgery to restore the bone volume
necessary for implant placement™*.

Different types of graft materials are used to increase bone volume in the maxillary
sinus, for example, autografts, allografts, xenografts, alloplastic materials and growth factors.
However, selecting the ideal graft material for bone augmentation in the maxillary sinus is
still controversial®>. The ideal graft material must be osteogenic, osteoinductive,
osteoconductive and volumetrically stable to provide new bone formation that will allow for
new bone formation the implant and implant osseointegration®.

Hydroxyapatite is a material of natural or synthetic origin, an osteoconductor whose
constitution is based on the essential elements of human bone tissue: calcium and phosphate.
Its use in surgeries that require bone neoformation, such as the lifting of paranasal sinuses, is
already consolidated in the literature”®. There is no consensus in the literature as to the precise
definition of the bone quality of the implant recipient bone. However, the term bone quality
includes the degree of mineralization, cortical bone thickness and trabecular bone
morphology”.

The poor bone quality of the recipient bone of the dental implant is associated with
less primary stability and higher rates of implant failure. The primary stability of the implant
affects whether the physician opts for submerged or non-submerged implant placement
protocols and determines the prosthetic loading time. Therefore, the evaluation of bone
quality before placing the dental implant is essential***.

Currently, many techniques are recommended to assess bone quality and characterize
quantitatively structural changes in bone in places for future implant installation, such as:

12,13

histological evaluation'®*3, computed tomography (CT)*, fractal analysis (FA)* and Micro

CT™. Among them, fractal analysis was introduced as a precise, easily available and low-cost

method™. According to Harris et al.*’

, computed tomography scans are the exams of choice
for planning implant installation and among computed tomography scans, the Cone-Beam
Computed Tomography (CBCT) is able to provide a three-dimensional image of the area,

with low cost and employing low doses. radiation when compared to multslice tomography.



75

Micro CT is capable of evaluating bone repair, the interface with biomaterial and the
biocompatibility of bone substitutes, where the acquired images can be used for non-invasive
quantitative morphometric analysis of regenerating bone'®, and it allows to evaluate the
microstructure of biomaterial and neoformed bone tissue, in addition to quantifying the
volume of the region of interest'®. The results of the analysis of bone formation after lifting

the maxillary sinus using Micro CT, Kihl et al.

indicated that Micro CT is a promising
method for evaluating the three-dimensional system of grafts after maxillary sinus
enlargement with autogenous bone and materials used as bone substitutes. Micro CT is a
reproducible and efficient study method for high resolution hard tissue analysis. Kivovics et
al.* demonstrate that the morphological measurements by Micro CT correlate with the
histomorphometric results, which is considered the gold standard for the evaluation of bone
microarchitecture.

Computed microtomography (Micro CT) is a reproducible and time-efficient method
for studying high-resolution hard tissue specimens. Studies show that the morphological
measurements by reconstruction with Micro CT correlate highly with the histomorphometric
results, which is considered the gold standard for the evaluation of bone
microarchitecture?*?. In comparison with conventional computed tomography (CT), cone-
beam computed tomography (CBCT) allows the image of the jaw in high isotropic spatial
resolution with low radiation dose®. Unlike conventional CTs, quantitative measurements of
the gray value in the CBCT are unreliable and should generally be avoided®. Bone density
measurements based on CBCT are inherently inaccurate because of beam configuration and
flat panel detectors, artifacts and variations in scanning conditions”.

In this context, the present study evaluated and compared fractal analysis by means of
cone-beam computed tomography and Micro CT images of the sinus graft of Osteogen® and

Osteogen® + L-PRF in the repair period of 180 days.

Materials and methods

A clinical, experimental, analytical, prospective, randomized, controlled and blind
study was performed for the analysis of the images, being approved by the Ethics and
Research Committee of the institution (number 29277014.5.0000.5137). Patients were duly
informed about the content and objectives of the research and were supported by the right to
non-identification and privacy.

Inclusion criteria were: patients aged >21 years who had bone remnants less than 4

mm in height, requiring bone graft for future implantation and who agreed with the terms of
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the present study. The exclusion criteria were: patients with systemic changes that indicate a
surgical procedure or use of any medication that may interfere with bone metabolism, smoker,
tests that did not show the full image of the maxillary sinus, tests that had the presence of
technical artifacts that hinder the evaluation of the maxillary sinus, pathologies of the
maxillary sinus or history of surgery of the maxillary sinus. To calculate the sample, the G-
Power software (G* Power, version 3.1.9.2®; Institute for Experimental Psychology,
Dusseldorf, Germany) was used. The level of significance considered was 5%; the test power
was 80% and the minimum sample size required was 15 patients. The study involved the
participation of 20 patients (10 men and 10 women) aged between 48 and 75 years (mean £
SD, 59.05 * 8.77). Partial edentulous patients totaled 13 and edentulous patients 7. Bilateral
maxillary sinuses were randomly assigned to Osteogen® (Impladent, Ltd, Holliswood, NY) +

L-PRF or the control (Osteogen®) immediately before surgery by computer draw.

Work protocol
Analysis of the maxillary sinus

Before the maxillary sinus lifting surgery, the L-PRF was prepared, for centrifuging
the blood collected from the patient, the Fibrin® surgical protocol was used®* using the
Montserrat Fibrinfuge 25 centrifuge (Zenith Lab Co®, Changzhou Jiangsu, China). Blood
collection was performed with 8 glass tubes with 10 ml without clot activator inserted inside
the adapter. Immediately, the filled tubes were taken to the centrifuge and positioned opposite
each other on the centrifuge rotor for vibrational stability of the system. The clots were
removed from the tube, a slight debridement of the hemosedimentation was performed, and
the membranes were placed on a perforated base, compressed, perforated and mixed with the
Osteogen® biomaterial. Patients underwent preoperative CBCT performed on cone beam
tomographs, Carestream® CS 8100 Digital Panoramic and Cephalometric System® (East
Carestream Company®, Rochester, New York, USA) to assess possible pre-local operatives of
the maxillary sinus. Bone reconstruction took place in two stages. Stage two involved bone
reconstruction, and was performed in the following steps: a) The surgical procedure for
elevation of the maxillary sinus was performed by the same surgeon who acted according to
Zenodbio et al.®; b) After the maxillary sinus floor membrane was elevated, the Osteogen®
biomaterial (Impladent Ltd®, Holliswood, NY) was inserted into one of the randomly chosen
sides (Figures 1 and 2), and the same biomaterial associated with L-PRF was inserted on the
contralateral side (Figure 3); c) An L-PRF membrane was placed to close both sides of access

to the maxillary sinus window; d) Suture was performed without tissue tension. The stages of
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stage three were postoperative control and image acquisition: a) Postoperative clinical
evaluation was performed at 7 days and 10 days (suture removal period), postoperative
tomography was performed (10 days); b) The clinical reassessment was performed at 30, 60
and 90 days; ¢) Tomography and implant planning were done 180 days postoperatively, and a
second measurement was obtained; d) The installation of an osseointegrated implant was
performed in the area pre-defined by the pre-prosthetic surgical planning together with the

collection of the specimen for analysis of the Micro CT (Figure 4).

Micro CT analysis material

For Micro CT analysis, samples were scanned using a compact Micro CT scanner
(SkyScan 1174, Bruker Micro CT®, Belgium), with 50kV source voltage, 800pA source
current and 10 pixel pixel size, 03 um. A 0.5 mm Al filter was used. The samples were fixed
on a stage that rotated 180° with images acquired every 0.7°. The acquired shadow
projections (16-bit TIFF format) were subsequently reconstructed into 2D slices using the
NRecon® software interface (v.1.7.4.6, Skyscan, Bruker Micro CT®, Belgium). Quantitative
analysis were performed using the CTAn® software (v.1.18.8.0, Bruker Micro CT®, Belgium)
and the CTVox® software (v.3.3.0, Skyscan, Bruker Micro CT®, Belgium) was used for
volumetric visualization 3D.

After the 180-day period of bone repair of sinus grafts, and at the time of installation
of the osseointegrated implants, a specimen was removed for analysis (Figures 4 and 5) on the
Bruker® micro tomography (Kartuizersweg 3B 2550 Kontich, Belgium) and collected with a
3 mm Herta® (Ribeirdo Preto - SP - Brazil) trephine drill on the side where the Osteogen® +
L-PRF graft was performed and the control side of the Osteogen®, a cross-section was
performed on the specimen to perform the analysis (Figure 6). The material was analyzed

according to the following guidelines:

a) analysis of the central region in sections of 0.7 mm x 0.7 mm x 0.7 mm

b) analysis of the central region with a larger volume of 2 mm x 2 mm x 2 mm

Image acquisition and analysis of CBCT and Micro CT tomographs data
Computed tomography scans were performed on cone-beam tomographs, Carestream
CS 8100® Digital Panoramic and Cephalometric System® (East Carestream Company®,

Rochester, New York, USA), 0.3 mm voxel size, with an exposure time of 40 seconds. The
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cuts were 1Imm thick with Imm intervals and multiplanar reconstructions with reference to the
occlusal plane. The 40 exams were saved in the Digital Imaging and Communication in
Medicine (DICOM) format. In the CBCT, the region of interest (ROI) was selected,
delimiting the entire graft in the three planes (axial, sagittal and coronal). The areas were
evaluated and standardized using a reference point located in the central region of the bone
graft. To perform the native bone FA in the CBCT, the ROI of the maxilla tuber was selected
in the central region of the posterior part of the maxilla, after the end of the maxillary sinus. In
the canine pillar region, an area 3 mm above the canine's root apex was selected, when this or
the first upper premolar was present. In their absence, the selected area was in the central
region between the end of the pyriform opening and the beginning of the maxillary sinus and
residual bone base at the level of the bone crest. After calculating the fractal values in the
CBCT, an average was performed between the values of the axial, sagittal and coronal planes.
The manipulation of the software and the analysis of the CBCT and Micro CT measurements
were performed by an experienced and trained radiologist. The observer manually delimited
the cut areas filled by the grafts in the initial and final images of the CBCT and the final
image of the Micro CT.

Different parameters were examined for sample bone evaluation, which included
tissue volume (TV), bone volume (BV), ratio of sample bone volume to sample volume
(BVITV), bone surface (BS), thickness trabecular (Tb.Th) and fractal dimension (FD) were

analyzed.

Statistical analysis

The data were initially submitted to the F normality test (to assess normality), which
demonstrated its normal distribution. For the comparative analysis between groups and
between materials, after the 180-day period of CBCT and Micro CT, the Anova test with
Tukey was used. Student's t test was used to assess the existence of differences in materials.
The level of significance adopted was 5%. The analyzes were performed using the GraphPad
Prism 6.05 software (GraphPad Software, San Diego, California, USA).

Results

In the comparison of the fractal analysis of the CBCT between Osteogen® + L-PRF
(1.318) and evaluated by Micro CT (1.638), a statistically significant difference was observed
(p <0.05) (Table 1). When comparing the fractal analysis of the CBCT between Osteogen® +
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L-PRF (1.318), Micro CT (1.638) and native bone (canine pillar: 1.343 and maxillary tuber:
1.339), there is a statistically significant difference (p <0.05) (Table 2) and when used alone
in the CBCT, Osteogen® (1.304) also showed a statistically significant difference (p <0.05)
compared with Osteogen® from Micro CT (1.638) (Table 3). The mean values of the
morphometric results of the Micro CT were Osteogen® Tissue Volume (TV) 0.248 mm® and
the Osteogen® side 0.307 mm®. In our study, the bone volume (BV) on the Osteogen® + L-
PRF side was 0.122 mm? and on the Osteogen® side 0.123 mm?®. The percentage of bone
volumef/tissue volume (BV/TV) found in our study was on average 44.865% on the
Osteogen® + L-PRF side and on the Osteogen® side 40.598%. The mean bone surface value
(BS) was 6.014 mm? for the Osteogen® + L-PRF side and 5.258 mm? for the Osteogen® side.
The trabecular thickness value (Tb.Th) was on average 85.209 um and 101.110 pm for the
Osteogen® + L-PRF and Osteogen® side, respectively (Table 4).

Discussion

The use of non-invasive methods to assess and design the best time for the installation
of osseointegrated implants is still not well understood in the current literature, so in the
present study we made the comparison via fractal analysis of the CBCT and Micro CT images
of sinus grafts and CBCT images of native bone to determine the possibility of using these
methods as preoperative parameters for surgical planning in implantology.

Gauthier et al.?® concluded in their studies that Micro CT allows obtaining an accurate
qualitative description of internal bone growth and performing quantitative analysis. Thus, in
the present study, the choice of using the images of the Micro CT analysis is justified by the
advantage in determining the structural characteristics and bone growth measures by means of
images in three dimensions of this evaluation?®?’, being non-invasive and fast, obtaining high-
resolution three-dimensional images, which characterizes and measures the three-dimensional

properties of biomaterial and bone tissue regeneration®%.

According to Panmekiate et al.*

very high or very low values obtained for analysis of
bone microarchitecture using CBCT may not be correct, due to the way they are acquired and
analyzed, this being one of the variables observed in the present study, where the values were
different when comparing the fractal analysis of CBCT and Micro CT, with values of 1.318
being found in Osteogen® + L-PRF in CBCT and 1.638 in Micro CT, with a statistically
significant difference (p <0.05) and 1.304 in Osteogen® at CBCT and 1.638 at Micro CT, also

with a statistically significant difference (p <0.05).
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Thomsen et al.** after comparing morphometric data from classical histology and
Micro CT for spongy bone, concluded that Micro CT could be used as a substitute for
histological analysis in the evaluation of bone structures due to the high correlation of the
evaluation of morphometric data. The present study obtained comparative results of the fractal
analysis of Micro CT between the materials Osteogen® + L-PRF (1.638) and Osteogen®
(1.638) in the reparational period of 180 days and comparing with native bone structure of
Tuber - spongy bone - (1.339) and Canine - cortical bone - (1.343) of the CBCT, the results
demonstrate a greater organization in the area with the graft materials in relation to the native
bone.

Fazzalari et al.** demonstrated that certain values obtained by fractal analysis may
suffer interference from some constant factors in images close to the area (ROI) selected for
evaluation, being a factor to be considered when fractal analysis in CBCT. The area
determined in the present study for CBCT and Micro CT was defined as the total area
(volume) of the grafted material in an attempt to avoid this type of interference.

Trisi et al.** compared Micro CT images with classic histological samples of
autogenous bone and bioactive glass bone substitute (Biogran®) after maxillary sinus
enlargement in three patients. The reported results were that the bone and the substitute
material were clearly distinguishable in all samples due to the lower density of the bone
versus the substitute material, thus, the values of the Micro CT of the total bone volume were
reliable in comparison with the histomorphometry. In the images obtained in the present study
by Micro CT, changes in the materials were observed at the level of fractal analysis, where it
can be seen that at 180 days in the tested biomaterials Osteogen® and Osteogen® + L-PRF we
obtained values of 1.638 in both, being these values differ from those of the native bone of the
tuber (1.339) and area of the canine (1.343) of the CBCT.

In the present study, a statistically significant difference was observed between the
biomaterials tested, in the FA of the Micro CT images at 180 days, which presented the value
of 1.638 in the Micro CT and the native bone in the CBCT 1.343 for canine abutment and
1.339 for the tuber of the jaw. This result can be justified by the finding in the study by lida et
al®* who compared bone neoformation data measured histologically and
microtomographically in maxillary sinuses enlarged with a xenograft of greater density and
greater mineral content compared to natural bone. Statistically significant differences between
the two measurement methods were observed after 2 and 8 weeks of healing, the new bone
increased by about 21% in histological analyzes while, in Micro CT, it increased by only

about 4%. In the same period, the proportion of the xenograft decreased from 51.6 = 4.9 to
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453 = 3.3% in histological analyzes whereas in Micro CT the xenograft increased in
percentages. Thus, he reported in his results that histological analyzes and Micro CT produced
different results when a xenograft with higher density and higher mineral content compared to
natural bone was used.

According to Sener; Cinarcik and Baksi*, the FD determined from CBCT and Micro
CT have greater potential to evaluate bone microarchitecture and allow the complete
characterization of the trabecular network, this being our comparison factor, in our study,
between the native bone structure . In the present study, fractal analysis using CBCT and
Micro CT images of the sinus graft of Osteogen® and Osteogen® + L-PRF obtained values of
1.638 in Micro CT for both biomaterials and in CBCT obtained for Osteogen® + L-PRF 1.318
and for Osteogen® 1.304. Chappard et al.**, when studying bone measurements comparing
histomorphometry and Micro CT, reported that Micro CT provided similar results at the 3D
level than those obtained by histomorphometry performed on histological sections of the
sample. In addition, they observed that Micro CT provides reliable morphometric data and in
less time than histomorphometry, allowing a non-destructive bone examination before
pathological analysis. One of the factors that should be considered as a limitation and next
research stage of the present study is to compare histomorphometric data and bone tissue
evaluation through histological analysis with results from fractal analysis.

One of the most studied parameters in studies on osseointegration in maxillary edges
is BV/TV®** . Which represents the percentage of BV in relation to TV within the bone
nucleus. Th.Th represents the average thickness of individual trabecula and Th.Sp shows the
space between the trabecula within a sample. Nakata et al.*® evaluated bone remodeling
histologically after maxillary sinus enlargement with porous hydroxyapatite alloplasts in 3
non-smoking patients, and bone architecture and graft residues were assessed by Micro CT.
The results found by Nakata et al.*® in relation to TV, both native bone + hydroxyapatite and
only hydroxyapatite were on average 10.944 mm?, while in our study the L-PRF + Osteogen®
side was 0.248 mm?® and the Osteogen® side 0.307 mm®. The BV found by Nakata et al.*®
averaged 3.148 mm?® for native bone + hydroxyapatite and 0.115 mm?® only hydroxyapatite,
while in our study the L-PRF + Osteogen® side was 0.122 mm® and the Osteogen® side 0.123
mm?®. The BV/TV found in our study was on average 44.865% on the L-PRF + Osteogen®
side and on the Osteogen® side 40.598%, while Nakata et al.*® found an average of 29.433%
and 1.233%, for native bone + hydroxyapatite and only hydroxyapatite, respectively. The
average BS of our study was 6.014 mm? for the L-PRF + Osteogen® side and 5.258 mm? for

Osteogen®, and by Nakata et al.*® was on average 80.349 mm?’ for native bone +
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hydroxyapatite and 10.009 mm? only hydroxyapatite, and its Th. Th was on average 80.35 urn
and 22.481 urn for native bone + hydroxyapatite and only hydroxyapatite, respectively, and

our study found in mean values of 85.209 um and 101.110 pm for the L-PRF + Osteogen®

and Osteogen® side, respectively. As in the present study, Nakata et al.*®

also performed bone
remodeling analysis 180 days after maxillary sinus lifting and grafting placement surgery, but
there were differences between the values found, which can be justified by the difference in

1.8 and 2 mm in our

the size of the selected ROI, which was 3 mm in the study by Nakata et a
study.

In the ImageJ” program, which was used in the present study to calculate fractal
analysis, there is no possibility of calibrating the removal of noise from images using the

despeckle tool, which can reduce the quality of the image and the analysis performed.

Conclusion

The average values of the fractal analysis provided by the sinus grafts tested in the
CBCT and in the Micro CT in comparison with native bone determined patterns of bone
organization different from the values found in the literature, in radiographic and non-
tomographic methods, even when compared to native bone. Thus, studies should refer to new
fractal values regarding the use of tomographic images and Micro CT for real accuracy to

determine the pattern of bone tissue remodeling in sinus grafts after the 180-day repair period.
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Tables

Table 1: Mean values of the comparison between Micro CT and CBCT of Osteogen® + L-
PRF

Table 2: Mean values of the comparison of the fractal analysis between Micro CT and CBCT
of the Osteogen® + L-PRF graft and native bone

Table 3: Mean values of the comparison of the fractal analysis between Micro CT and CBCT
of the Osteogen® graft and native bone

Table 4: Mean values of the morphometric results of the Micro CT
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Table 1 (comparison of the mean values fractal analysis of L-PRF + OSTEOGEN® in cone bean

computed tomography and Micro CT)

L-PRF + L-PRF +
OSTEOGEN® OSTEOGEN® Micro
CBCT CT
Mean 1.318* (a) 1.638* (b)
Standard 0.090 0.140
deviation
(ab* p<0.05)

Table 2 (comparison of mean values fractal analysis of grafts and native bone in cone bean computed

tomography and Micro CT)

L-PRF + OSTEOGEN® L-PRF + CANINE TUBER
CBCT OSTEOGEN® CBCT CBCT
Micro CT
Mean 1.318 * (a) 1.638 * () 1.343*(c)  1.339 *(d)
Standard deviation 0.090 0.140 0.081 0.062

(abcd* p<0.05)

Table 3 (comparison of mean values fractal graft analysis with Osteogen® and native bone in cone bean

computed tomography and Micro CT)

OSTEOGEN® OSTEOGEN® CANINE TUBER
CBCT Micro CT CBCT CBCT
Mean 1.304 * (a) 1.638 * (b) 1.343 *(c) 1.339 *(d)
Standard deviation 0.083 0.123 0.081 0.062

(abcd* p<0.05)

Table 4 (Micro CT histomorphometric analysis values)

TV BV BV/TV BS Th.Th

[mm’] [mm’] [%0] [mm’] [pm]
LPRF + OSTEOGEN® 0,248 0,122 44,865 6,014 85,209
OSTEOGEN® 0,307 0,123 40,598 5,258 101,110

TV Tissue volume, BV Bone volume, BV/TV Percent bone volume, BS Bone surface, Th.Th Trabecular
thickness
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Legends Figures

Figure 1: Access to the maxillary sinus lateral wall

Figure 2: Insertion of biomaterials in the maxillary sinus

Figure 3: L-PRF membrane interposition in the lateral access of the sinus after placing the
material

Figure 4: Sample of the material sent for reading from the Micro CT

Figure 5: Specimen analysis by Micro CT

Figure 6: Cross section for specimen evaluation
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Figure 1 Figure 2

Figure 5 Figure 6
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8 CONSIDERACOES FINAIS

A utilizacdo do Plasma Rico em Fibrina e Leucécitos (L-PRF) é uma realidade nos
procedimentos odontoldgicos atuais, em especial na Implantodontia. A cirurgia de elevagao
do assoalho do seio maxilar ¢ uma técnica de enxertia dssea consolidada na literatura com o
objetivo de possibilitar instalagdo de implantes na regido posterior de maxila. O enxerto de L-
PRF, associado ou ndo a outro biomaterial, vem sendo utilizado neste tipo de procedimento
cirurgico com frequéncia na atualidade. Uma definicdo de protocolo para analise de areas pos
enxertadas em seio maxilar, como a realizada neste trabalho, constituem elementos de suma
importancia, pois podem influenciar tanto na disponibilidade 6ssea como na estabilidade de
implantes dentarios instalados na regido do enxerto. A analise fractal determinada na TCFC e
Micro CT nos remete a promissoras ferramentas de avaliacdo da microestrutura 6ssea na area
enxertada. Os valores obtidos no presente estudo ndo podem ser considerados para determinar
um padrdo de reconstrugdo Osseo eficaz. Alguns pardmetros como a definicdo da ROI,
resolucdo imagem, tamanho da imagem, localizacdo da ROI e técnica fractal a ser considerada
devem ser melhor preconizados na técnica de avaliacdo de imagem, para que os valores
obtidos e sua correlagdo com a real estrutura 6ssea pds enxertia possa ser validada com

valores confiaveis e que possam ser reproduzidos.
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1. COSTA ALVES, T.K.C.; ARANHA NETO, I.; SILVA, ALlLV.; MANZI, FR;
RABELLO HORTA, M.C. CISTO OSSEO SIMPLES DE GRANDES DIMENSOES
COM TOTAL REMODELA(}AO OSSEA APOS 12 ANOS DO TRATAMENTO
CONSERVADOR: RELATO DE CASO. In: Jornada Mineira de Estomatologia
XXV JOME, 2018, Montes Claros. Revista Intercambio. Montes Claros: Pro-Reitora
de Extensdo Universidade Estadual de Montes Claros, 2018. v.12. p.69-69.
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CISTO OSSEO SIMPLES DE GRANDES DIMENSOES COM TOTAL REMODELAGAO
OSSEA APOS 12 ANOS DO TRATAMENTO CONSERVADOR: RELATO DE CASO

Tatielly Karine Costa Alves* tatielly95@hotmail.com
Idalisio Aranha Meto

Amaro llidio Vespasiano Silva

Flavio Ricardo Manzi

Martinho Campolina Rabello Horta

Departamento de Odontologia da Pontificia Universidade Catolica de Minas Gerais

Introducdo: O cisto dsseo simples (COS) caracteriza-se por uma cavidade intradssea sem
revestimento epitelial. Na maioria dos casos trata-se de um achado em exames por imagem de
rotina, uma vez que seu desenvolvimento @ assintomatico e as alteragbes clinicas sdo mais
frequentes em lesdes de maior extensao. Caso clinico: O presente caso trata-se de um COS
incomum em paciente de 13 anos, de grandes dimensdes (12x5cm), que obteve total
remodelacdo dssea 12 anos apos exploragdo cirirgica. A les3o apresentava-se assintomatica,
sem histéria prévia de trauma, sendo uma area radiolicida multilocular, estendendo-se de
segundo pré-molar direito até regido de dngulo mandibular esquerdo, com bordas festonadas
entre as raizes dentarias. Clinicamente apresentava aumento de volume infra e extracral, de
consisténcia dura, sem alteragdo da condigdo clinica da mucosa e pele. As hipdteses
diagnosticas inicias foram de ceratocisto odontegénico, lesdo central de células gigantes e
ameloblastoma. Na conduta clinica, realizou-se pungao aspirativa que obteve material sero-
sanguinolento, sem evidéncias para o diagnostico, desse modo, realizou uma exploragdo
cirdrgica, na gual se constatou cavidade 6ssea vazia sem revestimento, entdo foi realizada
curetagem da les8o e encaminhado um fragmento da corical 6ssea para exame
histopatolégico, no qual se observou osso lamelar associado a tecido conjuntivo fibroso. O
caso foi acompanhado durante 12 anos por meio de exames clinicos e por imagem, sem
nenhuma outra intervengao, e obteve total remodelagdo ossea no local da les&o, concluindo o
diagnostico de COS e o sucesso do tratamento conservador. Conclus3o: Lesdes extensas,
com expansdo de cortical 0ssea e assimetria facial, como relatado sao incomuns. Neste caso,
a exploragdo cirlrgica com curetagem foi essencial para o diagndstico e proveu a cura da lesdo
com sucesso, sem complicagdes ou danos ac paciente. O tempo de proservacgde (clinico e
radiografico) permite acompanhar a cicatrizagio, possiveis falhas ou recorréncia da lesdo.
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2. SOUTO, G.R.; ARANHA NETO, LS.; MESQUITA, R.A.; REBELLO HORTA, M.C,;
SOUZA, P.E.A. HIGH-GRADE PRIMARY LEIOMYOSARCOMA IN THE MANDIBLE.
In: Congresso Brasileiro de Estomatologia e Patologia Oral. 42° SOBEP, 2016, Montes
Claros. Revista Oral Surgery, Oral Medicine, Oral Pathology and Oral Radiology. Manaus,
2016. p.75-75.
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CPP227 - HIGH-GRADE PRIMARY LEIOMYOSARCOMA IN THE MANDIBLE. GIOVANNA
RIBEIRO SOUTO. IDALISIO SOARES ARANHA NETO. RICARDO ALVES MESQUITA.
MARTINHO CAMPOLINA REBELLO HORTA. PAULO EDUARDO ALENCAR DE SOUZA.

A 36-year-old woman was referred to the Oral and Maxillofacial Surgery Service, Pontificia
Universidade Catolica de Minas Gerais, to evaluate lesion observed during a routine radiographic
exam. Extraoral examination demonstrate a small increase of volume in the region and cervical
lymphadenopathy. Intraoral examination demonstrated a discrete swelling in the vestibular region of
the ramus of the mandible. Cone-beam computed tomography showed an hypodense osteolytic
image located in region of mandible angle below of mandibular canal, with destruction of the cortex.
Differential diagnoses included malignant mesenchymal neoplasm and intra-osseous squamous cells
carcinoma. Incisional biopsy revealed a tumor mass with fascicles of interlacing spindle-shaped
cells, abundant eosinophilic cytoplasm and large nucler exhibiting atypia. Immunohistochemical
technique to vimentin, HHF35, h-caldesmon, AE1AE3, desmin, and SMA was positive. Ki-67
proliferation index was 30%. A diagnosis of pleomorphic leiomyosarcoma grade 3 was made. The
patient was referred to treatment, and four months after diagnosis she died.
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3. SANTOS, R.P.M.; OLIVEIRA, G.AA,; ARANHA-NETO, L.S.; SILVA, A.l.V.; ALVES,
T.K.C.; CARMELO, J.C.; MANZI, F.R. AUTOMATED IDENTIFICATION OF DENTAL
IMPLANTS BY USING ARTIFICIAL INTELLIGENCE. In: Sociedade Brasileira de
Pesquisa Odontoldgica (SBPgO). 372 Reunido Anual SBPqO Virtual. 372 SBPqO, 2020, Séo
Paulo. Revista Brazilian Oral Research. S&o Paulo, 2020;34(suppl 2). p.97-97.

m.ﬁ.uinmuhd Identification of Dental Implants by Using Artifical
Intelligence

Santos RPM®, Oliveira GAA, Aranha-MNeto [5, Silve AV Alves TKC, Carmels JC, Manzi FR
Odontelegia - PONTIFICIA UNIVERSIDADE CATOLICA DE MINAS GERAIS.

Mio hi conflito de interesse

The aim of this study was to develop and evaluate accuracy of a computer assisted system based on
Arrificial Intelligence (Al) tor detecting and identifving automarically Dental Implants(DI) brands wsing
digital periapical radiographs. A total amount of 1800 digital penapical radiographs with D] from three
distinct manufacturers (£1,f2,£3) f1=600, 2=600 and f3=600 was split into training dataset (n = 1440
[80%]) and resting daraset (n = 360 [20%]) groups. The images were evaluated by a software developed
through Convolutional Newral Networks (CNN) aimed to identify the manufacturer of IDs conrained
therein. Accuracy, Sensitivity, Specificity, positive and negative predictive values, and ROC curve were
calculated for detection and diagnostic performance of CNN algorithm. Ar the final epoch (25), i
was obrained 99.78% of system accuracy for training dara, 99.36% for testing dara and §5.29% for
validation data. The latest one corresponds to the actual accuracy of dental implant manufacturer

identificarion contained in digital periapical radiographs afrer the system learning process.

The results obtaired in tiiz study show that Deep CNN algorithm provides bigh accuracy for idemtifying
dermtal tmplants by means of digital pertapical radiographs, being a sseful tool in odontological practice.
With a more comprebensive data bank, this system may be widely used belping dentists to work with
more predictability and to eliminate the challenge of discovering the implant model installed i patiznes
wrhen there (s no previows treatment iformatio.
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3. Apresentacao de Trabalhos

1. Jornada Mineira de Estomatologia XXVI JOME, 2019. (Congresso). ADENOMA
PLEOMORFICO: UM RELATO DE CASO.
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Caroline Caldeira Tomagnini, Idalisio Soares Aranha Neto, Amaro llidio Vespasiano Silva, Flavio Ricardo Manzi
foi apresentado como PAINEL DE CASO CLINICO, na XXVI Jornada Mineira de Estomatologia, realizada na Pontificia
Universidade Catélica de Minas Gerais, de 15 a 17 de maio de 2019, em Belo Horizonte.
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2. Congresso Brasileiro de Estomatologia e Patologia Oral. 42° SOBEP, 2016. (Congresso).
HIGH-GRADE PRIMARY LEIOMYOSARCOMA IN THE MANDIBLE.
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3. Jornada Mineira de Estomatologia XXV JOME, 2018. (Congresso). CISTO OSSEO
SIMPLES DE GRANDES DIMENSOES COM TOTAL REMODELACAO OSSEA APOS
12 ANOS DE TRATAMENTO CONSERVADOR: RELATO DE CASO.
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4. Palestrante em Eventos

1. EXODONTIA DE TERCEIROS MOLARES: INDICAC}OES, TECNICAS CIRURGICAS
E RECOMENDACOES POS-OPERATORIAS. Aula Aberta Online da Liga Académica de
Cirurgia Bucomaxilofacial e Estomatologia da Pontificia Universidade Catdlica de Minas
Gerais — LACBE PUC MINAS, 2020.
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Pontificia Universidade Catolica de Minas Gerais, ministrando o
tema "Exodontia de terceiros molares: indicacoes, técnicas
cirurgicas e recomendacoes pos-operatorias”, nos dias 21 e 28 de
maio de 2020.
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5. Outras Produces

5.1 Participacdo em Banca avaliadora:
1. Avaliador no(a) 21* Jornada Odontolégica e o 9° Encontro de Pesquisa do

Departamento de Odontologia, 2019. (Congresso)
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Odontologia: Humanizacdo,

Ciéncia e Tecnologia. C E R T I F I C A D O

Certificamos que IDALISIO SOARES ARANHA participou como avaliadora de painéis de trabalhos cientificos apresentados
durante a 212 Jornada Odontolégica e 0 92 Encontro de Pesquisa do Departamento de Odontologia da Pontificia Universidade

Catolica de Minas Gerais, realizado de 25 a 28 de setembro de 2019, em Belo Horizonte.
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2. Avaliador no | Seminério Interno — Liga Académica de Cirurgia Bucomaxilofacial e
Estomatologia da Pontificia Universidade Catolica de Minas Gerais — LACBE PUC MINAS,

2020. (Simposio)

CERTIFICADO
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CERTIFICAMOS QUE

IDALISIO SOARES ARANHA NETO

Atuou, como parte da banca avaliadora, no | seminario Interno - LACBE PUC
MINAS, que ocorreu no dia 30/10/2020.

Giovanna LOpes Lanza Carolina Costa Ferreira
PRESIDENTE DA LACBE VICE PRESIDENTE DA LACBE
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5.2 Premiagdes

1. COSTA ALVES, T.K.C.; ARANHA NETO, I.; SILVA, A.L.V.; MANZI, F.R.; RABELLO
HORTA, M.C. CISTO OSSEO SIMPLES DE GRANDES DIMENSOES COM TOTAL
REMODELACAO OSSEA APOS 12 ANOS DO TRATAMENTO CONSERVADOR:
RELATO DE CASO. Mengdo Honrosa - Jornada Mineira de Estomatologia XXIV JOME,
2018.
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Certificado

Certificamos que o trabalho intitulado CISTO OSSEO SIMPLES DE GRANDES DIMENSOES COM TOTAL REMODELACAO
OSSEA APOS 12 ANOS DO TRATAMENTO CONSERVADOR: RELATO DE CASO foi apresentado na forma painel clinico, tendo
sido laureado com MENCAO HONROSA na 25° Jornada Mineira de Estomatologia, no periodo de 29 a 31 de agosto de 2018, em
Montes Claros/ MG.
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