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RESUMO

O objetivo do presente estudo foi comparar o reparo sequencial de seios maxilares
enxertados com dois substitutos 0sseos xendgenos diferentes processados em
temperatura baixa (300°C) ou alta (1200°C). Um procedimento de levantamento do
seio maxilar foi realizado bilateralmente em 20 coelhos e dois enxertos 0sseos
xenogenos diferentes foram usados aleatoriamente para preencher os espacos
elevados. O reparo foi estudado apds 2 e 10 semanas, em 10 coelhos durante cada
periodo. Apés 2 semanas de reparo, quantidades muito pequenas de 0sso novo foram
observadas em ambos os grupos, e foram principalmente confinadas as paredes
0sseas do seio e bordas da osteotomia. Apés 10 semanas de reparo, foi encontrado
0SSO hovo em todas as regibes, com maiores percentuais naquelas proximas as
paredes dsseas e a osteotomia. Nesse periodo de reparo, a propor¢do de 0SS0 novo
no grupo 300°C foi de 20,0% + 4,3%, e no grupo 1200°C foi de 17,2% * 4,3% (P =
0,162). No grupo 1200°C, sombras translicidas e escuras em forma de neblina nas
regibes dos enxertos estavam escondendo por¢cbes de 0sso novo (rede dOssea
interpenetrante). O presente estudo ilustrou que ambos os biomateriais forneceram
condigcbes que permitiram o0 crescimento 0sseo dentro do espago elevado,
confirmando que ambos os biomateriais sdo adequados para serem usados como
enxerto para aumento do assoalho do seio.

Palavras-chave: Estudo animal, elevacdo do assoalho sinusal, consolidacdo 6ssea,
osteocondutividade, enxerto xendgeno.



ABSTRACT

The aim of the present study was to compare the sequential healing of maxillary
sinuses grafted with two different xenogeneic bone substitutes processed at either a
low (300°C) or high (1200°C) temperature. A sinus augmentation procedure was
performed bilaterally in 20 rabbits and two different xenogeneic bone grafts were
randomly used to fill the elevated spaces. Healing was studied after 2 and 10 weeks,
in 10 rabbits during each period. After 2 weeks of healing, very small amounts of new
bone were observed in both groups, and were mainly confined to close to the sinus
bone walls and osteotomy edges. After 10 weeks of healing, new bone was found in
all regions, with higher percentages in those close to the bone walls and to the
osteotomy. In this period of healing, the proportion of new bone in the 300°C group
was 20.0% * 4.3%, and in the 1200°C group it was 17.2% * 4.3% (P = 0.162). In the
1200°C group, translucent, dark fog-like shadows in regions of the grafts were hiding
portions of new bone (interpenetrating bone network). The present study illustrated
that both biomaterials provided conditions that allowed bone growth within the elevated
space, confirming that both biomaterials are suitable to be used as a graft for sinus
floor augmentation.

Key words: animal study, bone healing, histology, sinus floor augmentation, sinus
membrane
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1 INTRODUCAO

O levantamento de seio maxilar € um procedimento amplamente utilizado para
restaurar o volume 0sseo perdido na regido posterior da maxila em pacientes que

necessitam de reabilitagdo implantossuportada (PJETURSSON et al., 2008).

Vérios estudos mostraram que a mucosa sinusal tende a retornar a sua posi¢ao
original se implantes ou biomateriais ndo forem inseridos no espaco criado por sua
elevacdo (ASAI et al., 2002; XU et al., 2004). Para contrapor a contracdo de volume,
tem sido sugerido o uso de biomateriais (CORBELLA et al., 2016), implantes
(ELLEGAARD et al., 1997, 2006; LUNDGREN et al., 2004; SCALA et al., 2010, 2012)
ou dispositivos (CRICCHIO et al., 2009, 2011; SCHWEIKERT et al., 2012,
JOHANSSON et al., 2012). O osso autégeno ainda é considerado o material de
preenchimento de escolha para o levantamento do assoalho do seio (KLIJN et al.,
2010); entretanto, altas taxas de reabsor¢do volumétrica de 0sso autégeno tém sido
relatadas (SCALA et al., 2015; DE SANTIS et al., 2017), além da morbidade cirtrgica

associada ao sitio doador (CLAVERO et al., 2003).

Diversos materiais de enxertia sdo estudados na literatura para preenchimento do
seio maxilar elevado, dentre os quais granulos 6sseos xenogenos, derivados de
diferentes espécies animais (CORBELLA et al., 2016). Entre os xenoenxertos, 0 0SSO
mineral bovino desproteinizado (DBBM) processado a baixa temperatura (300°C) vem
sendo utilizado em diversos estudos clinicos (JENSEN et al., 2012a, 2012b;
SBORDONE et al., 2011; MANFRO et al., 2014; MOON et al., 2015; MMORDENFELD
et al., 2016) e em animais (ASAI et al., 2002; XU et al., 2004; DE SANTIS et al., 2017,
CANEVA et al., 2017; IIDA et al., 2020; HIROTA et al., 2020). Esse 0sso xendgeno

apresenta reabsorcao lenta e excelentes propriedades osteocondutoras (CANEVA et
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al., 2017; BUSENLECHNER et al., 2009; GALINDO-MORENO et al., 2014; GODOY

et al., 2021).

Outro osso bovino desproteinizado produzido apenas a partir da fase mineral pura
de 0sso bovino e sinterizado em alta temperatura (> 1200°C) tem sido usado para
aumento do assoalho do seio maxilar (RIACHI et al., 2012; TAWIL et al., 2018; PERIC
et al., 2018; MAHESH et al., 2020; IMAI ET AL., 2020; ZAHEDPASHA et al., 2021).
Esse enxerto xendgeno também tem sido empregado em experimentos com animais,
utilizando diferentes modelos e locais como camaras preparadas em dobras cutaneas
no dorso de hamsters (LASCHKE et al., 2007), defeitos criticos em ulna de coelho
(HUBER et al., 2008), defeitos circunferenciais ao redor de implantes dentarios em
mini porcos (CATROS et al., 2020) ou defeitos de tamanho critico em calvaria de ratos
albinos (SHAKIR et al., 2018). Um modelo animal utilizando coelhos para cirurgia de
levantamento de seio maxilar mostrou-se 0 mais apropriado para experimentos,
principalmente devido a sua semelhanca com a anatomia humana; ambos possuem
cavidade ampla e acessivel, 6stio bem definido e sistema mucociliar com as mesmas

caracteristicas (KUMLIEN et al., 1985; KENNEDY et al., 1989).

Em um estudo clinico comparativo de Bio-Oss (Geistlich, Wolhusen, Suica) e
Cerabone (Botiss Biomaterials, Zossen, Alemanha) usados na cirurgia de
levantamento do seio maxilar, foi observado que o Cerabone possuia particulas
maiores (1:2,7) e uma liberacdo gradual menos intensa de ions célcio (RIACHI et al.,
2012). Além disso, em avaliacao radiografica realizada ap6s 4 anos, observou-se
perda volumétrica mais pronunciada para Bio-Oss em comparacdo com Cerabone
(RIACHI et al., 2012). Um estudo in vitro relatou um nivel mais alto de hidrofilicidade

para Cerabone em comparagédo com Bio-Oss (TRAJKOVSKI et al., 2018).



33

Nas andlises histoldgicas, os seios maxilares de coelhos preenchidos com DBBM
apresentaram boa quantidade de osso neoformado, proporcionando manutencéao do
espaco criado dentro da area elevada (ASAl et al., 2002; XU et al., 2004; CANEVA et
al., 2017). Nao ha relatos na literatura envolvendo o aumento do seio maxilar em
animais que compararam os resultados do reparo utilizando Bio-Oss e Cerabone
como substitutos 6sseos. Assim, o0 objetivo do presente estudo foi comparar o reparo
sequencial de seios maxilares enxertados com dois substitutos 6sseos xendgenos

diferentes processados em baixa ou alta temperatura.






2. PROPOSICAO
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2 PROPOSICAO
O objetivo do presente estudo foi comparar o reparo sequencial de seios
maxilares enxertados com dois substitutos 6sseos xendgenos diferentes processados

em baixa ou alta temperatura.






3. MATERIAL E METODOS
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3 MATERIAL E METODOS

O protocolo experimental foi submetido e aprovado pelo Comité de Etica
no Uso de Animais da Faculdade de Odontologia de Ribeirdo Preto da Universidade
de Sao Paulo (USP, SP-Brasil; 2019.1.113.58.1). — Anexo 1) em 8 de abril de 2019.
O estudo é relatado de acordo com as diretrizes ARRIVE. As diretrizes para cuidados

com 0s animais adotadas no Brasil foram rigorosamente seguidas.

3.1 Amostra animal

Um total de 20 coelhos brancos da raca New Zealand, machos adultos, com
peso aproximado de 3,5 a 4,0 kg e idade de 5 a 6 meses foram utilizados no presente

estudo seguindo metodologia previamente publicada (COSTA et al., 2021).

3.2 Desenho do estudo e célculo amostral

Um estudo randomizado de boca dividida foi usado para eliminar interferéncias
entre sujeitos do mesmo grupo. O levantamento do seio foi realizado bilateralmente e
dois materiais 6sseos xenogénicos bovinos diferentes, sinterizados a 300°C (grupo
Bio-Oss) ou 1200°C (grupo Cerabone), foram usados para preencher os dois espacos
elevados. Foram analisados dois periodos de reparo: 2 e 10 semanas, com 10 animais
cada periodo.

O tamanho da amostra foi determinado considerando dados de estudo anterior

disponiveis no momento do calculo do tamanho amostral (GODOY et al., 2021),
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aplicando-se alfa = 0,05, poder = 0,8 e correlacéo entre as medidas de 0,5. Assim,
para esta configuracdo, o tamanho da amostra foi de 10 animais por grupo (dois
grupos, n = 10) para permitir aos autores encontrar significancia estatistica entre os

grupos experimentais.

3.3 Biomateriais

Bio-Oss é um Osso Mineral Bovino Desproteinizado (DBBM) com
sinterizacdo a 300°, porosidade de 75% a 80%, poros de 20 a 200 um e
tamanho médio de particula de 0,5a 1,0 mm (LEE et al., 2017). Ja o Cerabone
é formado completamente por hidroxiapatita de 0sso esponjoso bovino, com
sinterizacdo a 1200°C, porosidade de 65% a 80%, poros de 600 a 900 um e

tamanho médio de particula de 0,5 a 1,0 mm (LEE et al., 2017).

3.4 Randomizacéo

A randomizacdo entre grupos e periodos de reparo foi realizada
eletronicamente (randomization.com) por um autor que ndo estava envolvido na
selecdo e manuseio de animais e/ou procedimentos cirurgicos (SPX) em 5 de maio
de 2019. As alocacdes de tratamento foram asseguradas e seladas em envelopes
opacos e revelados ao cirurgido (VFB) imediatamente apO0s a realizacdo da

osteotomia e elevacao da mucosa sinusal.
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3.5 Procedimentos cirurgicos

Os procedimentos cirurgicos foram realizados por um cirurgido especialista
(VFB). A sedacao foi realizada com acepromazina 1,0 mg/kg (Acepran®, Vetnil,
Louveira, Sdo Paulo, Brasil) administrada por via intramuscular, seguida da anestesia
realizada com xilazina 3,0 mg/Kg (Dopaser®, Hertape Calier, Juatuba, Minas Gerais,
Brasil) e cloridrato de cetamina 50mg/kg (Ketamin Agener, Unido Quimica
Farmacéutica Nacional S/A, Embu-Guacu, Sdo Paulo, Brasil) IM. No pré-operatério,
0s animais receberam uma dose profilatica de oxitetraciclina 20 mg/kg por via
intramuscular (Biovet, Vargem Grande Paulista, Sdo Paulo, Brasil), meloxicam 0,2%,
1,0mg/kg por via subcutanea (Flamavet; Unido Quimica Farmacéutica S/A., Embu-
Guacu, Sao Paulo, Brasil) e cloridrato de tramadol 5,0 mg/kg por via subcutanea
(Halexlstar; Goiania, Goias, Brasil). As medicacfes anti-inflamatoria: meloxicam 0,2%,
0,5 mg/kg por via subcutanea (Flamavet; Unido Quimica Farmacéutica S/A., Embu-
Guacu, Séao Paulo, Brasil) e cloridrato de tramadol 5,0 mg/kg por via subcutanea
(Halexlstar; Goiania, Goias, Brasil) foram mantidos nos primeiros dois dias de pés-

operatorio, administrados 1 vez ao dia.

A area operada foi tricotomizada e a antissepsia feita pela aplicacéo topica de
solucéo de iodo polivinilpirrolidona a 1% (Riodeine Tintura, Rioquimica, Séo José do
Rio Preto, Sdo Paulo, Brasil). A anestesia local realizada com mepivacaina 2% e
epinefrina 1:100.000 (Mepiadre, Nova DFL, Rio de Janeiro, Brasil). Através de uma
incisdo no dorso nasal, 0 0sso nasal foi exposto e foram confeccionadas osteotomias
bilateralmente a sutura naso-incisal. A mucosa sinusal foi elevada e os espacos

subantrais foram preenchidos aleatoriamente com quantidades semelhantes dos dois
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biomateriais. As osteotomias foram posteriormente cobertas com membrana de

colageno (Bio-Gide, Geistlich) e as feridas fechadas com suturas (Figural).

Figura 1: Viséo clinica do dorso nasal com duas osteotomias laterais a sutura naso-incisal. (a) Ambas
osteotomias preparadas; um pequeno parafuso colocado na sutura naso-incisal entre os centros das
osteotomias para auxiliar no subsequente processamento histolégico; (b) Enxertos 6sseos xendgenos
colocados dentro do espaco elevado: Cerabone a esquerda e Bio-Oss a direita; (c) Membranas
colagenas cobrindo as osteotomias.

3.6 Manutencao dos animais

Cada animal foi mantido em gaiola individual (1 animal/6000 cm?) e em
sala climatizada com ar condicionado Split (21° C) sem controle de umidade, com
34 trocas de ar/hora. Controle de iluminagdo automatico de 12/12h. As feridas e
as funcdes biologicas foram cuidadosamente monitoradas por médicos
veterinérios durante todo o periodo do experimento. Os animais tiveram acesso a

comida e agua filtrada ad libitum.

3.7 Eutanasia

Primeiramente foi realizada a sedacdo com acepromazina 1,0 mg/kg
(Acepran®, Vetnil, Louveira, Sdo Paulo, Brasil) concomitantemente a xilazina 3,0
mg/Kg (Dopaser®, Hertape Calier, Juatuba, Minas Gerais, Brasil) e cloridrato de
cetamina 50mg/kg (Ketamin Agener, Unido Quimica Farmacéutica Nacional S/A,

Embu-Guacu, Séo Paulo, Brasil) administradas por via intramuscular. Em seguida os
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animais foram levados um a um para a camara de CO2, com fluxo controlado de
7L/min na ordem de 20% do volume total. Esse fluxo foi mantido por pelo menos 1
minuto apds a confirmacdo da morte clinica do animal, verificando sinais de parada

respiratOria, cianose das mucosas e auséncia de pulso.

3.8 Avaliacdo microtomogréafica

Uma analise microtomografica foi realizada usando um equipamento
microCT 1172 (Bruker, Kontich, Bélgica). Os parametros utilizados foram: pixel
isotrépico de 9,92 um, 60/165 KV, 134pA, filtro Al 0,5 mm, tempo de exposicao 596
ms, etapa de rotacdo 0,4 graus, média de 4 quadros e movimento aleatério 10. Para
reposicionar as imagens transversais foi utilizado o software DataViewer® (Bruker,
Kontich, Bélgica). As medicdes foram tomadas através do software CTan (Bruker,
Kontich, Bélgica). Todas as avaliagbes foram realizadas por um autor calibrado.

(Figura 2).

Figura 2. O microtomoégrafo SkyScan® 1172 (Bruker, Kontich, Bélgica) do Laboratorio Multiusuario
para Andlises de Imagens Tridimensionais de Tecidos Bioldgicos e Biomateriais (LAB 3D BIO) da
FORP- USP foi utilizado para escaneamento das pecas.
(Fonte:www.bruker.com/pt/products/microtomography).
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3.9 Preparacao histolégica

Equipamento de corte/retificacdo de precisdo (Exakt, Apparatebau,
Norderstedt, Alemanha) foi utilizado para preparar duas laminas histologicas de cada
bidpsia realizada apds serem desidratadas em uma sequéncia crescente de alcoois e
incluidos e polimerizados em resina (LR White Hard Grid, London Resin, Berkshire,
UK). O pequeno parafuso colocado na sutura naso-incisal foi utilizado como
referéncia para o corte. As laminas foram coradas em azul de toluidina ou azul de

Stevanel e vermelho de alizarina.

3.10 Avaliacbes histomorfométricas

As fotomicrografias foram obtidas com o microscopio (Leica DMLB,
Wetzlar, Alemanha) equipado com uma camera digital (Digital Sight DS-2Mv, Nikon,

Toquio, Japao).

As seguintes regides foram analisadas dentro do espaco elevado (: parede
O0ssea medial (M), parede éssea lateral (L), regido sub-sinusal (S), area central (C) e

regido da osteotomia (A) (Figura 3).
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Figura 3: Esquema de referéncias. Cinco regides do seio foram identificadas: regi@o de osteotomia
(A), area central do enxerto (C), regido sub-seio, subjacente a mucosa sinusal (S), e regides proximas
as paredes Gsseas medial (M) e lateral (L).

Uma grade de 80 quadrados foi sobreposta as imagens das laminas
histoldgicas usando o software ImageJ 1.50i (National Institutes of Health, Bethesda,
MD, EUA) e um procedimento de contagem de pontos com aumento de 100x foi
adotado para medidas morfométricas (SCHROEDER et al., 1973). Osso novo (ndo
coberto por sombras de enxerto), rede Gssea interpenetrante (IBN; enxerto 6sseo
translicido no grupo Cerabone) e 0sso xenogénico residual foram avaliados. O 0sso
total foi calculado como a soma de osso novo e IBN. As porcentagens foram
calculadas em relagéo a area total da regido avaliada e obteve-se um valor médio para
as cinco regides. Antes de realizar as mensuragdes, foi realizada calibragdo com outro
examinador especialista (SPX) até que um coeficiente de correlacdo interclasses k >

0,9 fosse alcangado para reconhecimento do tecido.
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3.11 Analise de dados

A porcentagem média de osso novo em todo o espaco elevado foi descrita
como a variavel primaria. Os dados das varias regides foram utilizados para

estabelecer uma descricdo mais detalhada da formacao O0ssea.

O software Prism 9.1.1 (GraphPad Software, San Diego, CA, EUA) foi
utilizado para andlises estatisticas. A distribuicdo normal das variaveis foi avaliada
com o teste de Shapiro Wilk para variaveis pareadas e ndo pareadas. Um teste t
pareado ou um teste de Wilcoxon também foram utilizados para avaliar as diferencas
entre os grupos Bio-Oss e Cerabone. As diferencas entre os dois periodos de reparo

foram avaliadas usando um teste t ndo pareado ou um teste de Mann-Whitney.

Um coeficiente de correlacdo bicaudal de Spearman foi aplicado para medir
a forca da correlacdo entre os resultados das andlises histologicas e
microtomograficas. GraphPad Prism 9.1.1 foi usado. O coeficiente de correlacdo e os

valores de P foram relatados. P < 0,05 foi considerado estatisticamente significativo.

As tabelas apresentam valores expressos em médias, desvios padréo,
valores P médios, medianas e percentis 25% e 75%, enquanto no texto foram

informados apenas valores médios.
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4 RESULTADOS

4.1 Avaliacdo histologica descritiva

Na analise histoldgica, a superficie do biomaterial foi bem definida para os
granulos de Bio-Oss enquanto que para Cerabone, sombras translicidas em forma
de névoa escura deram aos granulos uma periferia indefinida. Em alguns casos,
especialmente no periodo de 10 semanas, essas sombras ocultaram a presenca de
0sso novo que foi revelado quando a intensidade da luz foi aumentada e as
fotomicrografias foram obtidas com a camera acoplada ao microscopio (IBN) (Figura

4).

ot

Figura 4: Fotomicrografias de regides do seio contendo granulos de Cerabone depois em 10 semanas
de reparo sob magnificacdo de 100x. Observe as sombras escuras e transllcidas, regides que apoés
aumentar a intensidade da luz, revela osso novo (IBN). (a e c¢) Intensidade normal da luz; (b e d) Alta
intensidade da luz. Os asteriscos brancos indicam exemplos de regiGes de IBN.

Apds 2 semanas de reparo, quantidades muito pequenas de 0SSO novo

foram observadas em ambos o0s grupos, principalmente confinadas as paredes 6sseas
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do seio e bordas da osteotomia, enquanto as outras regides estavam praticamente
desprovidas de o0sso novo. O material de enxerto ocupou quase metade do espaco

elevado (Figura 5).

Figura 5: Fotomicrografias apds 2 semanas de reparo em magnificacdo de 16x. (a) Seio maxilar
enxertado com Cerabone; (b) Seio maxilar enxertado com Bio-Oss. As laminas foram coradas em azul
de Stevanel e vermelho de alizarina. As setas amarelas indicam 0sso novo formado a partir da parede
Ossea medial do seio em ambas as laminas.

As cristas de 0sso novo emergindo das paredes 0sseas do seio em direcao
ao centro do espaco elevado incorporaram os granulos mais proximos em ambos 0s

grupos Cerabone Figura 6).

Os granulos mais distantes das paredes 6sseas foram circundados por
tecido mole, apresentando uma densa camada de células fibroblasticas dispostas ao
longo da superficie do enxerto. Algumas células semelhantes a osteoclastos também
foram observadas na superficie de ambos os biomateriais (Figura 6). A osteotomia
ainda estava recoberta pela membrana de colageno (Figura 5) envolvida em
processos de degradacdo. A formacdo de osso novo a partir das bordas das
osteotomias, visando o fechamento do defeito (Figura 6). Alguns granulos foram

encontrados em alguns espécimes além da osteotomia em ambos 0S grupos.
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a partir das paredes 6sseas cercando granulos de (a) Cerabone e (b) Bio-Oss. Osso novo formado a
partir das bordas da osteotomia no lado (c) Cerabone e (d) Bio-Oss. (a e b) Foram corados com azul
de Stevanel e vermelho de alizarina, enquanto (c e d) foi corado com azul de toluidina. As setas
amarelas indicam 0sso novo, os asteriscos amarelos marcam o0 0Sso nativo mais antigo, os asteriscos
vermelhos demonstram o biomaterial e as setas vermelhas indicam osteoclastos.

Apds 10 semanas de reparo, foi encontrado 0sso novo em todas as regides,
com maiores percentuais registrados nas regides préximas as paredes 0sseas e a
osteotomia (Figura 7). Os granulos apresentaram maior teor de incorporagdo no 0SS0
recém-formado em comparacao ao periodo de reparo anterior (Figura 8). As regides
subjacentes a mucosa sinusal apresentaram as menores quantidades de 0sso novo.
A maioria das osteotomias foi fechada por osso neoformado com sinais de
remodelacdo. A degradacdo da membrana de colageno ainda n&o foi completada
(Figura 7). Alguns granulos foram encontrados além da osteotomia e varias

perfuracdes da mucosa sinusal foram observadas para ambos os biomateriais.
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Figura 7: Fotomicrografia apés 10 semanas de reparo em magnificagdo de 16x. Osso novo é
encontrado em todas as regiées examinadas no lado (a) Cerabone e (b) Bio-Oss. As laminas foram
coradas em azul de Stevanel e vermelho de alizarina.

Figura 8: Fotomicrografia apds 10 semanas de reparo em magnificacdo de 100x. Osso nhovo
incorporado a granulos em ambos os biomateriais e formando pontes que interconectam os granulos.
(a e c) Gréanulos de Cerabone e (b e d) granulos de Bio-Oss. (a e b) Foram corados com azul de
Stevanel e vermelho de alizarina, enquanto (c e d) foi corado com azul de toluidina.

4.2 Avaliacdo histomorfométrica

Apods 2 semanas de reparo (Tabela 1), o IBN estava quase ausente, de
modo que tanto 0 0SSO novo quanto as fragcdes 6sseas totais foi de 0,7% e 0,3% para

0S grupos Bio-Oss e Cerabone, respectivamente (P = 0,098). A fracao residual do
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enxerto foi de 43,4% para o grupo Bio-Oss e 48,8% para o grupo Cerabone (P =

0,037).

O o0sso novo estava localizado principalmente proximo as paredes 0sseas

do seio (Tabela 2). Uma ligeira tendéncia para maior formacédo de 0sso novo foi

observada no grupo Bio-Oss em comparacdo com o grupo Cerabone em todas as

regides. A regido da submucosa estava virtualmente desprovida de 0sso novo em

ambos os grupos. Nenhuma diferenca estatisticamente significativa entre os grupos

foi observada considerando as diversas regioes.

Apods 10 semanas de cicatrizacdo (Tabela 1), pequenas fracdes de IBN

foram encontradas no grupo Cerabone (1,3%). O osso total foi encontrado em

proporcdes de 20,0% no grupo Bio-Oss e 17,2% no grupo Cerabone (P = 0,162).

Tabela 1: Porcentagem de 0sso novo e enxerto remanescente dentro da &rea elevada total. P<0,05.
IBN, %

Time point

Time point Grafting material New bone, %

Mean = SD

Median (25%; 75%) P value Mean +SD

Median (25%; 75%) P value

Bio-Oss 07:08  |0.4(0.20.6) 0000 | 0.0(0.0;0.0)

2 week 0.098 NA
WEEKS  IGerabone 03202 [0.3(0.1;0.4) 0001 |0.0(0.0;0.0)
Bio-Oss 20.0+£4.3 21.4(18.1;22.1) 0.0+ 0.0 0.0(0.0; 0.0)

10weeks | erabane 15840 |14.5(13.8;19.6) 00 H3i06  |15(1215) NA

Grafting material Total bone, %

Residual graft, %

Mean = SD Median (25%; 75%) P value Mean = SD Median (25%; 75%) P value
Bio-Oss 0.7+0.8 0.4 (0.2; 0.6) 43.4£6.2 45.6 (40.0; 47.6)
2 week 0.159 0.037
WS [Cerabone 03=03 0.3 (0.1; 0.5) 488:4.3 50.0 (49.2; 51.5)
Bio-Oss 20043 21.4 (18.1; 22.1) 36.4 4.3 36.4 (35.0; 38.2)
. 84
10wesks | rabone 17.2:43 15.8 (14.1; 21.1) 0-162 353+ 105 39.7 (33.5; 41.5) 0-846

Tabela 2: Porcentagem de 0sso total ap6s 2 semanas de reparo. Considerando todas as regides da
area elevada. P<0,05.

Grafting

material

Bio-Oss

0.7+0.8

Full augmented area
Mean + SD

Median
(25%; 75%)
0.4 (0.2; 0.6)

Cerabone

0.3+0.3

0.3 (0.1; 0.5)

Next-to-window
Pvalue Mean + SD Median

03+0.5

(25%; 75%)
0.0 (0.0; 0.4)

Central

Pvalue Mean +SD Median

0.3+0.8

(25%; 75%)
0.0 (0.0; 0.0)

0.159

P value

Grafting Submucosa

material Mean = SD Median
(25%; 75%)

Bio-Oss | 0.0+ 0.0 0.0 (0.0; 0.0)

Cerabone | 0.0 +0.0 0.0 (0.0; 0.0)

P value

1.000

P value

0.214

0.0 + 0.0 0.0 (0.0; 0.0) 0-250 0.1+0.1 0.0 (0.0; 0.0) 0-750
Lateral wall Medial wall
Mean = SD Median Pvalue Mean + SD Median
(25%; 75%) (25%; 75%)
1.0+1.2 0.8 (0.0; 1.3) 0.231 1.7+£2.2 0.5 (0.1; 2.6)
0.4 +0.5 0.2 (0.0; 0.7) 1.0+1.3 0.3 (0.0;1.7)
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O enxerto residual diminuiu em relacdo ao periodo de reparo anterior para
36,4% e 35,3% (P = 0,846) nos grupos Bio-Oss e Cerabone, respectivamente (Grafico

1).
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Grafico 1: Formacéo de 0sso novo e reabsorcao de enxerto xenégeno entre 2 e 10 semanas de reparo

Em ambos os grupos, as diferencas entre os periodos nos percentuais de
0sso total e enxerto residual foram estatisticamente significativas (P <0,05). Em ambos
0S grupos, as regides que apresentaram maior quantidade de osso novo foram as
proximas a janela, seguidas daquelas proximas as paredes 0sseas do seio (Tabela
3). Nessas regides, a porcentagem total de osso foi maior no grupo Bio-Oss; no
entanto, apenas a diferenca na regido da parede proxima a janela foi estatisticamente
significativa (P = 0,018). A menor porcentagem de 0sso novo foi encontrada nas

regides da submucosa, seguida pela regido central.

Tabela 3: Porcentagem de 0sso novo apés 10 semanas de reparo. Considerando todas as regides da
area elevada. P<0,05.



Bio-Oss

Full elevated area

Mean + SD Median

20.0+4.3

(25%; 75%)
21.4(18.1;22.1)

0.162

Next-to-window
P value Mean = SD

31.5 8.1

Median
(25%; 75%)
32.4 (28.0; 33.7)

Cerabone

17.2+43

15.8 (14.1; 21.1)

219+7.8

0.018

22.9 (21.0; 24.6)

Central

13.8+£8.3

Pvalue Mean + SD Median

(25%; 75%)
13.4(7.8;21.6)

P value

122+ 5.1

12.8 (8.6; 15.3)

0.585

Grafting Submucosa Lateral wall Medial wall

material Mean + SD Median Pvalue Mean+SD Median Pvalue Meanz Median P value
(25%; 75%) (25%; 75%) SD (25%; 75%)

Bio-Oss |6.9+6.1 5.4 (3.0; 9.6) 0.112 22.1+10.5 21.2 (15.7; 28.6) 0.529 25.7 + 6.8 [27.0(21.6; 29.1) 0.042

Cerabone |9.7 + 5.6 11.5 (4.7, 13.6) 194+ 85 18.6 (14.8; 25.4) 22.6 + 8.3 |24.3(18.8;29.7)

4.3 Avaliacdo microtomogréfica

A avaliacao foi realizada em dois diferentes limites de niveis de cinza para
identificar tecido 6sseo de enxerto 6sseo xendgeno representados de: 60a 80e 70 a

100.

Apéds 2 semanas de reparo, o volume do tecidual no espaco elevado foram
de 78,52 + 8,89 mm? e 80,44 + 13,12 mm?3 para os grupos Bio-Oss e Cerabone,

respectivamente (P = 0,208) (Figura9).

Figura 9: Imagens 3D de microtomografia representando o reparo no seio maxilar apés 2 semanas.
(a)Vista coronal; (b) do seio; (c) do osso nasal. O biomaterial Cerabone esté a esquerda enquanto Bio-
Oss a direita da imagem.

O nivel de cinza de 60 a 80 rendeu 14,48% + 2,29% e 9,79% + 1,27% (P
< 0,0001) de osso novo nos grupos Bio-Oss e Cerabone, respectivamente. Aplicando
um nivel de cinza de 70 a 100, as respectivas propor¢des de 0sso novo foram 20,35%

+3,37% e 13,60% + 2,09% (P < 0,0001) (Grafico 2).
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Grafico 2: Porcentagem de o0sso novo avaliado através de andlise microtomografica utilizando
diferentes niveis de cinza: 60 a 80 e 70 a 100.

Apés 10 semanas de reparo, 0os volumes teciduais nos espacos elevados
foram de 84,49 + 9,78 mm?2 e 92,96 + 12,0 mm? para os grupos Bio-Oss e Cerabone,
respectivamente (P = 0,057). O nivel de cinza de 60 a 80 revelou 15,83% * 1,82% e
12,28% + 0,96% (P < 0,0001) de osso novo nos grupos Bio-Oss e Cerabone,
respectivamente. Aplicando um nivel de cinza de 70 a 100, 24,76% + 2,50% foi

registrado no grupo Bio-Oss e 20,26% + 1,57% no grupo Cerabone (P < 0,0001)

(Figura 10).

Figura 10: Imagens 3D de microtomografia representando o reparo no seio maxilar apés 10 semanas.
(a)Vista coronal; (b) do seio; (c) do osso nasal. O biomaterial Cerabone esté a esquerda enquanto Bio-
Oss a direita da imagem.
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4.4 Correlacdo entre analise histoldégica e microtomogréafica em 10

semanas

Aplicando um nivel de cinza de 60 a 80 para avaliacdo do tecido 0sseo,
uma correlacdo positiva fraca para o grupo Bio-Oss (0,091; P = 0,811) e uma
correlagcdo negativa fraca para o grupo Cerabone (-0,333; P = 0,349) foram

encontradas.

Usando um nivel de cinza de 70 a 100, foi encontrada uma correlacao
positiva forte para o grupo Bio-Oss (0,709; P = 0,027) e uma correlacao positiva fraca

para o grupo Cerabone (0,212; P = 0,560).
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5 DISCUSSAO

O presente estudo teve como objetivo comparar o reparo sequencial de seios
maxilares enxertados com dois substitutos 60sseos xenogénicos diferentes
sinterizados em baixa ou alta temperatura. Apos 10 semanas de reparo, a avaliacao
histologica demonstrou que uma tendéncia a maior formacgéo 6ssea foi encontrada no
grupo Bio-Oss em comparagdo com o grupo Cerabone; no entanto, a diferenca nao
foi estatisticamente significativa. Em ambos 0s grupos, 0s maiores percentuais de

0sso novo foram observados nas regides proximas as paredes 0sseas e a osteotomia.

No grupo Cerabone, varias particulas de enxerto apresentaram regides escuras
com sombras embacadas que escondiam os tecidos duros e moles. Esses tecidos
foram mostrados mais claramente ao microscopio ao superexpor a imagem a luz
enquanto, ao ajustar o foco, ndo houve melhora na identificacdo. Esse método
possibilitou a identificacdo de osso novo escondido pelas sombras e foi ilustrado em
outros artigos em que o beta tricalcio fosfato bifasico/hidroxiapatita (B-TCP/HA) foi
utilizado para o levantamento do assoalho do seio maxilar em ovelhas (PERINI et al.,
2020) e coelhos (TANAKA et al., 2020) e recentemente em espécimes de biopsia
humana para revelar osso coberto por sombras ao redor de Cerabone (KOTSU et al
2022). A quantidade total de osso relatada representou a soma de 0sso novo fora das
sombras escuras e aquele coberto por essas sombras (IBN). A estrutura do IBN
recorda a de uma “rede de polimeros interpenetrantes” (INTERNATIONAL UNION OF
PURE AND APPLIED CHEMISTRY) e, consequentemente, um nome semelhante foi
adotado.

Apoés 2 semanas de reparo, a porcentagem de 0sSso novo na area totalmente
elevada foi < 1% em ambos o0s grupos. A inclusdo de um periodo precoce de
cicatrizagcdo na analise do presente estudo possibilitou avaliar as diferencas nas
regides proximas a origem do novo 0sso e, a0 mesmo tempo, possibilitou avaliar as
variacdes dimensionais ao longo do tempo. Apds 2 semanas de reparo, 0 edema pos-
cirdrgico que ocorreu apos o aumento do assoalho do seio maxilar (KAWAKAMI et al
2018; KAWAKAMI et al 2019; KATO et al., 2021; SAKUMA et al., 2020) parecia estar
resolvido. Os processos de reabsorgéo ainda estavam em fase inicial, resultando em
pouco efeito nas mudancas dimensionais. Durante este periodo de reparo em ambos

0S grupos, o osso foi formado a partir das paredes laterais do seio maxilar enquanto,
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na area da submucosa, nenhum 0sso novo foi encontrado. Isso esta de acordo com
varios outros relatos que demonstraram a auséncia de participacdo da mucosa sinusal
na formacao 6ssea durante este periodo inicial de cicatrizacdo (SCALA et al., 2012;
SCALA et al., 2010; IIDA et al 2017; OMORI et al., 2018).

Apos 10 semanas, as porcentagens de 0sso novo aumentaram em ambos 0s
grupos em todas as regifes incluidas nas analises. Nesse periodo de reparo, a
porcentagem de osso novo foi de 20,0% no grupo Bio-Oss e 17,2% no grupo
Cerabone. Uma comparacédo de resultados de reparo 6sseo entre Bio-Oss e Cerabone
apos o levantamento do assoalho do seio também foi realizada em um estudo clinico
(MAHESH et al., 2020). Amostras de biopsia foram coletadas apdés 6 meses do
procedimento de levantamento de seio maxilar e a propor¢cdo de osso novo foi de
41,4% no grupo Bio-Oss e 39,2% no grupo Cerabone; no entanto, a diferenca nao foi
estatisticamente significativa (MAHESH et al., 2020). Essas porcentagens de 0Sso
novo foram aproximadamente o dobro para ambos 0s grupos em comparagao com o
presente estudo. A diferenca percentual pode estar relacionada ao modelo diferente
utilizado, mas também ao fato de que os espécimes de bidpsia no estudo animal
abrangeram todas as regifes do seio, incluindo aquelas com muito pouco 0Sso, Como
a subjacente a submucosa. No estudo anterior, apenas a regido préxima a base do
seio foi incluida na analise (MAHESH et al., 2020), ou seja, mais proxima de uma
importante fonte de osso novo (KAWAKAMI et al 2018; KAWAKAMI et al 2019).

Em outro estudo clinico, a analise realizada em bidpsia colhidos ap6s 8 meses
do levantamento do seio maxilar, revelou maiores propor¢des de 0SSO NOvVo no grupo
Cerabone (29,1%) em comparacdo com 0 grupo Bio-Oss (24,6%) (PANAGIOTOU et

al., 2015). Novamente, a diferenca né&o foi estatisticamente significativa.

No presente estudo, em ambos 0s grupos, as maiores quantidades de 0sso
novo estavam localizadas proximas as paredes Osseas e a osteotomia. Ambos 0s
biomateriais permitiram a formacdo de novo 0sso e, apds 2 semanas, 0S primeiros
sinais de incorporacao dos granulos vizinhos ja eram observados proximos as paredes
osseas. Apos 10 semanas, a incorporacao dos granulos foi observada em todas as
regioes. Este evento foi descrito em outros estudos experimentais (CANEVA et al.,
2017; BUSENLECHNER et al 2009; GODOQY et al., 2021).
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Em um experimento de aumento de assoalho sinusal em coelhos, os eventos
sequenciais de contato osso-enxerto nos granulos de DBBM foram analisados apos
7, 14, 20 e 40 dias de reparo (CANEVA et al.,, 2017). Ap6s 7 dias, pequenas
quantidades de osso foram encontradas proximas as paredes 0sseas, enquanto 0s
granulos de DBBM estavam cercados por tecido mole contendo fibras e células
semelhantes a fibroblastos dispostas em camadas em contato direto com a superficie
do biomaterial e, apds 14 dias, varios granulos de DBBM estavam cobertos por 0sso
recém-formado; entretanto, a maioria estava circundada por tecidos densos,
semelhantes aos observados apds 7 dias de reparo, e as regides entre os granulos
eram ocupadas por tecido frouxo, pobre em células, mas rico em vasos (CANEVA et
al., 2017).

Nos periodos seguintes, granulos adicionais foram envolvidos por 0sso
neoformado, e as superficies ndo cobertas por 0sso apresentaram tecidos densos
(CANEVA et al., 2017). As regides, incluindo aquelas entre granulos, inicialmente
ocupadas por tecidos frouxos, sofreram uma transformacdo em medula déssea
primitiva (CANEVA et al., 2017).

No presente estudo, apds 10 semanas de reparo, 0 0SS0 novo em toda a area
do grupo Bio-Oss atingiu uma proporcao de 20,0%. Esse resultado é semelhante ao
relatado em outro estudo em que granulos de Bio-Oss foram tratados com plasma de
argonio ou deixados sem tratamento antes de serem usados para preencher o espaco
subantral em coelhos (HIROTA et al., 2020). As porcentagens de 0sso novo apés 10
semanas foram de 23,5% no grupo de plasma e 21,3% no grupo nao tratado. As
analises histoldgicas também foram realizadas na parede Ossea e regides centrais
dos seios (HIROTA et al., 2020). A proporc¢éo de 0Sso novo no grupo nao tratado com
plasma de argb6nio foi de 26,3% na regido da parede ¢6ssea e 13,2% nas regides
centrais (HIROTA et al., 2020). Esses dados sdo consistentes com os do presente
estudo, com a proporgédo de 0sso novo sendo de aproximadamente 22,0% a 26,0%

na regido da parede 6ssea e 13,8% na regido central.

Em ambos os grupos do presente estudo, a regido da submucosa apresentou
menor quantidade de osso novo em relacdo as demais regies examinadas, sendo
6,9% e 9,7% nos grupos Bio-Oss e Cerabone, respectivamente. Outros experimentos
semelhantes de levantamento de seio em coelhos relataram dados sobre a formacéao
0ssea nesta regido (AMARI et al., 2020; MASUDA et al., 2019; SCALA et al., 2020;
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SCALA et al., 2016; FAVERO et al., 2016). A presenca de 0sso hovo subjacente a
mucosa sinusal ndo pode excluir sua contribuicdo para a formacao 6ssea; no entanto,
se essa contribuicdo existe, ela é limitada. Também é necessario considerar que
vérias perfuragdes da mucosa sinusal foram observadas em relagéo as particulas do
biomaterial em ambos os grupos. Foi demonstrado em um modelo de coelho que a
presenca de perfuragcbes da mucosa sinusal compromete a formacdo Ossea nas

regides adjacentes dentro do seio (PAIK et al., 2022).

A diferenca percentual entre 2 e 10 semanas de reparo foi de 7,0% para Bio-
Oss e 13,5% para Cerabone. Isso significa que parte do biomaterial foi reabsorvido ou
perdido pela osteotomia ou pela mucosa sinusal. De fato, varias zonas osteoclésticas
foram observadas ao redor de ambos os biomateriais no periodo de avaliagdo de 2
semanas, enquanto que apos 10 semanas, células do tipo osteoclasto raramente
foram observadas. Essa observagédo concorda com outros relatos que mostraram uma
porcentagem progressivamente decrescente de osteoclastos dentro do espaco
aumentado ao longo do tempo (IIDA et al., 2017; OMORI et al., 2018).

Os dois enxertos 0sseos esponjosos bovinos usados no presente experimento
como material de preenchimento para o levantamento do assoalho do seio maxilar
foram processados em diferentes temperaturas, ou seja, 300°C para Bio-Oss e
1200°C para Cerabone. O processo realizado em alta temperatura produz particulas
macroporosas com maior cristalinidade que podem resultar em reabsorcdo mais lenta
do enxerto, e diminui a microporosidade da superficie, o que também pode reduzir a
osteocondutividade (BLOCK et al., 2020; BLOCK et al., 2019; RAMIREZ et al 2017).
No presente estudo, no entanto, apesar do uso de volumes semelhantes de
biomaterial em todos os seios, foram encontrados volumes ligeiramente maiores ap0s
10 semanas em comparagcdo com 2 semanas de cicatrizacdo. Isso, por sua vez,
significa que os volumes foram mantidos ao longo do tempo ou até aumentados, talvez

por aposicao 0ssea.

A microtomografia apresentou maiores porcentagens de 0SSO novo No grupo
Bio-Oss em comparagcdo ao grupo Cerabone (P > 0,0001). Os dados obtidos da
analise microCT ndo estavam completamente de acordo com os da analise
histologica, especialmente para o periodo de 2 semanas. Essas diferencas podem ser
atribuidas ao fato de que a histologia € uma analise bidimensional que representa

apenas uma porcao central e limitada do seio que inclui a osteotomia. A analise de
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microCT avalia todo o volume que inclui também regides localizadas distal e
mesialmente a osteotomia, em contato com 0 0SS0 nasal, que representam mais uma
fonte de formacédo 0ssea; entretanto, outro aspecto que deve ser considerado € que a
andlise de microTC pode dificultar a discriminacdo entre 0sso e 0 enxerto 0sseo
xenogeno, gerando resultados contraditorios em relacédo as avaliagdes histoldgicas,
principalmente nos periodos mais precoces de reparo (IIDA et al., 2020; IIDA et al.,
2018). De fato, trés das quatro correla¢des avaliadas entre a porcentagem éssea apés
10 semanas nos grupos Bio-Oss e Cerabone foram fracas, enquanto apenas para o

grupo Bio-Oss aplicando um nivel de cinza de 70 a 100 foi fortemente positivo.

No que diz respeito as limitagdes do presente estudo, devem ser mencionadas
as sombras escuras em forma de nevoa presentes em algumas regides dos granulos
de Cerabone. Este evento, talvez devido a alta porosidade do biomaterial, as
caracteristicas da mancha ou a lenta degradacdo do biomaterial (IEZZI et al 2017),
pode obstruir a identificacdo de 0sso novo e diminuir a porcentagem de 0SS0 novo
detectado com Cerabone. O modelo utilizado representa outra limitacdo do estudo
considerando as dimensdes do seio e a menor espessura da mucosa do seio em
comparacao com humanos (lIDA et al., 2017). Além disso, o reparo em coelhos
mostrou ser mais rapida em comparacdo com humanos (BOTTICELLI et al., 2017);
assim, quaisquer inferéncias sobre os seres humanos devem ser tomadas com

cautela.
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6 CONCLUSAO

O presente estudo ilustrou que ambos os biomateriais forneceram
condic¢des que permitiram o crescimento 6sseo dentro do espaco elevado e confirmou
gque ambos os biomateriais sdo adequados para serem usados como materiais de
enxerto para aumento do assoalho do seio maxilar. A superexposicdo a luz do
microscépio na preparacgdo histologica pode ajudar a identificar os tecidos velados

pelas sombras escuras que cercam as particulas ésseas de Cerabone.
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Maxillary Sinus Floor Augmentation with Two Different
Inorganic Bovine Bone Grafts: an Experimental Study in

Rabbits

Vitor FERREIRA BALAN!, Daniele BOTTICELLI?, David PENARROCHA-OLTRA3,

Katsuhiko MASUDA#, Eduardo PIRES GODOY'!, Samuel Porfirio XAVIER!

Objective: To compare the sequential healing of maxillary sinuses grafted with two different
xenogeneic bone substitutes processed at either a low (300°C) or high (1200°C) temperature.
Methods: A4 sinus augmentation procedure was performed bilaterally in 20 rabbits and two
different xenogeneic bone grafts were randomly used to fill the elevated spaces. Healing was
studied after 2 and 10 weeks, in 10 rabbits during each period.

Results: After 2 weeks of healing, very small amounts of new bone were observed in both
groups, and were mainly confined to close to the sinus bone walls and osteotomy edges. After
10 weeks of healing, new bone was found in all regions, with higher percentages in those
close to the bone walls and to the osteotomy. In this period of healing, the proportion of new
bone in the 300°C group was 20.0% + 4.3%, and in the 1200°C group it was 17.2% + 4.3%
(P=0.162). In the 1200°C group, translucent, dark fog-like shadows in regions of the grafts
were hiding portions of new bone (interpenetrating bone network).

Conclusion: Both biomaterials provided conditions that allowed bone growth within the
elevated space, confirming that both biomaterials are suitable to be used as a graft for sinus
floor augmentation.

Key words: animal study, bone healing, histology, sinus floor augmentation, sinus membrane

Chin J Dent Res 2022;25(2):93—105; doi: 10.3290/j.cjdr.b3086337

Maxillary sinus augmentation is a widely used procedure
to restore the bone volume lost in the posterior maxilla in
patients who require implant-supported rehabilitation!.
Several studies have shown that the sinus mucosa
tends to return to its original position if implants or
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biomaterials are not inserted into the space created by
its elevation?>. To counteract the volume shrinkage,
the use of biomaterials*, implants®>* or devices!?-!3 has
been suggested. Autogenous bone is still considered the
filler of choice for sinus floor augmentation'4; however,
high rates of volumetric resorption of autogenous bone
have been reported!-16, in addition to the surgical mor-
bidity associated with the donor bed!”. Several grafting
materials have been used to fill the augmented maxillary
sinus, among which xenogeneic bone granules, derived
from different animal species, have been studied in
the literature*. Among the xenogeneic graft materials,
a deproteinised bovine bone mineral (DBBM) pro-
cessed at a low temperature (300°C) has been used in
several clinical'®23 and animal studies>31324-26_ This
xenogeneic bone presents slow resorption and excellent
osteoconductive properties?*27-2, Another deprotein-
ised bovine bone produced only from the pure mineral
bovine bone phase and sintered at a high temperature
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(> 1200°C) has been used for sinus floor augmenta-
tion30-33_ This xenogeneic graft has also been employed
in animal experiments, using different models and sites
such as chambers prepared in skinfolds on the back of
hamsters3®, critical defects in the rabbit ulna3’, circum-
ferential defects around dental implants in minipigs>®
or critical-size calvarium defects in albino rats3®. An
animal model using rabbits for maxillary sinus augmen-
tation surgery has been shown to be the most appropri-
ate for experiments, mainly due to its similarity to the
human anatomy; both have wide and accessible cavity,
well-defined ostium and a mucociliary system with the
same characteristics*041,

A comparative clinical study of Bio-Oss (Geistlich,
Wolhusen, Switzerland) and Cerabone (Botiss
Biomaterials, Zossen, Germany) used in maxillary
sinus augmentation surgery found that Cerabone had
larger particles (1:2.7) and a less intense gradual
release of calcium ions3°. Moreover, in a radiographic
evaluation conducted after 4 years, a more pronounced
volumetric loss was observed for Bio-Oss compared to
Cerabone?. An in vitro study reported a higher level
of hydrophilicity for Cerabone compared to Bio-Oss*2.

In histological analyses, maxillary sinuses of rabbits
filled with DBBM presented a good amount of newly
formed bone, providing maintenance of the space cre-
ated within the elevated area?>-2*. There are no reports in
the literature involving maxillary sinus augmentation in
animals that compared the results of healing using Bio-
Oss and Cerabone as fillers. Thus, the aim of the present
study was to compare the sequential healing of maxil-
lary sinuses grafted with two different xenogeneic bone
substitutes processed at either a low or high temperature.

Materials and methods

Ethical statements

The experimental protocol was approved by the Ethical
Committee of the Faculty of Dentistry of Ribeirdo Preto,
University of Sdo Paulo, Sao Paulo, Brazil on 8 April
2019 (protocol #2019.1.113.58.1). The article was writ-
ten according to the Animal Research: Reporting of In
Vivo Experiments (ARRIVE) guidelines. The Brazilian
rules for animal care were followed strictly.

Animal sample

A total of 20 adult male New Zealand white rabbits
weighing approximately 3.5 to 4.0 kg and aged 5 to 6
months were used in the present study following a previ-
ously published methodology*>.
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Study design and sample calculation

A randomised split-mouth design was used to eliminate
interferences between subjects in the same group. Sinus
augmentation was performed bilaterally and two differ-
ent bovine xenogeneic bone materials, sintered at 300°C
(Bi0-Oss group) or 1200°C (Cerabone group), were used
to fill the two augmented spaces. Two healing periods
were analysed, namely 2 and 10 weeks, with 10 animals
each period.

The sample size was determined considering data
from a previous study available at the time of sample
size calculation?8, applying alpha = 0.05, power = 0.8
and a correlation between measures of 0.5. Thus, for this
configuration, the sample size was 10 animals per group
(two groups, n = 10) to enable the authors to find stat-
istical significance between the experimental groups.

Biomaterials

Bio-Oss is a DBBM with sinterisation at 300°, poros-
ity of 75% to 80%, pores of 20 to 200 um and a mean
particle size of 0.5 to 1.0 mm**. Cerabone, meanwhile,
is formed completely by hydroxyapatite from bovine
cancellous bone, with sinterisation at 1200°C, poros-
ity of 65% to 80%, pores of 600 to 900 um and a mean

particle size of 0.5 to 1.0 mm**.

Randomisation and allocation concealment

Randomisation between groups and periods of healing
was performed electronically (randomization.com) by
an author who was not involved in the selection and
handling of animals and/or surgical procedures (SPX)
on 5 May 2019. The treatment allocations were secured
in opaque sealed envelopes and revealed to the surgeon
(VFB) immediately after completion of the osteotomy
and sinus mucosa elevation.

Surgical procedures

The surgical procedures were performed by one expert
surgeon (VFB), preceded by injection of acepromazine
maleate (1.0 mg/kg; Acepran, Vetnil, Louveira, SP,
Brazil), xylazine (3.0 mg/kg; Dopaser, Hertape Calier,
Juatuba, MG, Brazil) and ketamine hydrochloride (50
mg/kg: Ketamin Agener, Unido Quimica Farmacéutica
Nacional, Embu-Guact, Sdo Paulo, Brazil). Through
an incision in the nasal dorsum, the nasal bone was
exposed, and osteotomies were created bilaterally to
the naso-incisal suture (Fig 1a). The sinus mucosa was
elevated and the subantral spaces were randomly filled
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Fig1 Clinical view of the nasal dorsum and the two osteotomies lateral to the naso-incisal suture. (a) Both osteotomies prepared;
a small screw was placed in the naso-incisal suture between the centres of the osteotomies to assist the subsequent histological
processing; (b) xenogeneic bone grafts placed within the elevated space: Cerabone on the left and Bio-Oss on the right; (c) collagen
membranes placed on the osteotomies.

with similar amounts of the two biomaterials (Fig 1b).
The osteotomies were subsequently covered using a col-
lagen membrane (Bio-Gide, Geistlich; Fig 1c), and the
wounds were closed with sutures.

Maintenance care

The animals were housed in individual cages placed
in climatised rooms with access to food and water ad
libitum. The biological functions and the wounds were
monitored by veterinarians over the whole period of the
experiment.

FEuthanasia

The rabbits were first anaesthetised following simi-
lar procedure exposed above and then euthanised in a
closed transparent acrylic box containing gas carbon
dioxide (CO3). The region of interest was harvested and
fixed in 10% formaldehyde.

Microcomputed tomography (microCT) evaluations

A 1172 microcomputed tomography (microCT) system
(Bruker, Kontich, Belgium) was used to take microCT
scans of the specimens. The parameters used were
9.92 um isotropic pixel, 60 KV/165, 134 pA, filter Al
0.5 mm, exposure time 596 ms, rotation step 0.4 degrees,
frame average 4, and random movement 10. The analy-
ses were performed using DataViewer (Bruker).

Histological preparation

Precision cutting/grinding equipment (Exakt, Apparate-
bau, Norderstedt, Germany) was used to prepare two
histological slides from each biopsy specimen after
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dehydration, inclusion in resin (LR White Hard Grid,
London Resin, Berkshire, UK) and polymerisation. The
small screw placed in the naso-incisal suture was used
as a reference. The two slides were stained with either
toluidine blue or Stevenel’s blue and alizarin red.

Histometric evaluations

Photomicrographs were taken under the microscope
(Leica DMLB, Wetzlar, Germany) using a digital cam-
era (Digital Sight DS-2Mv, Nikon, Tokyo, Japan).

The following regions were analysed within the
elevated space (Fig 2): medial bone wall (M), lateral
bone wall (L), sub-sinus region (S), central area (C) and
osteotomy region (A).

A grid of 80 squares was superimposed on the
images of the histological slides using the software
Image J 1.501 (National Institutes of Health, Bethesda,
MD, USA) and a point-counting procedure at 100x
magnification was adopted for morphometric measure-
ments*>. New bone (not covered by graft shadows),
interpenetrating bone network (IBN; see-through bone
graft in the Cerabone group) and residual xenogeneic
bone were assessed. Total bone was calculated as the
sum of new bone and IBN. Percentages were calculated
with respect to the total area of the region evaluated and
a mean value was obtained for the five regions. Before
taking the measurements, calibration with another
expert examiner (SPX) was performed until an inter-
class correlation coefficient k > 0.9 was achieved for
tissue recognition.

Data analysis

The primary variable was the mean total bone percent-
age in the full elevated space. The data from the various
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Fig2 References scheme. Five regions of the sinus were
identified: the osteotomy region (A), the central area of the
graft (C), the sub-sinus region, subjacent to the sinus mucosa
(S), and the regions close to the medial (M) and lateral bone
walls (L).

regions were used to establish a more detailed descrip-
tion of bone formation.

Prism 9.1.1 (GraphPad Software, San Diego, CA,
USA) was used for statistical analyses. The normal dis-
tribution of the variables was assessed with a Shapiro-
Wilk test for both paired and unpaired variables. Either
a paired ¢ test or a Wilcoxon test was used to evaluate
the differences between the Bio-Oss and Cerabone
groups. Differences between the two healing periods
were evaluated using either an unpaired ¢ test or a
Mann-Whitney test.

A Spearman two-tailed correlation coefficient was
applied to measure the strength of the correlation
between the outcomes of the histological and microCT
analyses. GraphPad Prism 9.1.1 was used. The correl-
ation coefficient and P values were reported. P < 0.05
was considered statistically significant.

The tables listed mean values, standard deviations, P
values, medians and 25% and 75% percentiles, whereas
in the text only mean values were reported.

Results

Descriptive histological evaluation
In the histological analysis, the surface of the biomater-

ial was well defined for the Bio-Oss granules whereas
for Cerabone, translucent dark fog-like shadows gave
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Fig 3 Photomicrographs of ground sections of Cerabone
sites after 10 weeks of healing. Note the translucent dark fog-
like shadow regions that, after increasing the light intensity,
revealed new bone (IBN). (a and ¢) Normal light intensity;
(b and d) high light intensity. The white asterisks indicate
examples of IBN regions.

the granules an undefined periphery. In some instances,
especially at the 10-week period, these shadows hid
the presence of new bone that was unveiled when light
intensity was increased when the photomicrographs
were taken under the microscope (IBN; Figs 3a to d).
After 2 weeks of healing, very small amounts of new
bone were observed in both groups, mainly confined
to close to the sinus bone walls and osteotomy edges,
whereas the other regions were practically devoid of
new bone (Figs 4a and b). The graft material occupied
almost half of the elevated space.

Ridges of new bone sprouting from the sinus bone
walls towards the centre of the elevated space incorp-
orated the nearest granules in both the Cerabone
(Fig 5a) and Bio-Oss (Fig 5b) groups. The granules
furthest from the bone walls were instead surrounded
by soft tissue, presenting a dense layer of fibroblast-like
cells disposed along the graft surface. Some osteoclast-
like cells were also seen on the surface of both biomat-
erials (Figs 5a and b). The osteotomy was still covered
by the collagen membrane (Figs 4a and b) involved in
degradation processes. New bone was forming from
the edges of the osteotomies, aiming to close the defect
(Figs 5¢ and d). A few granules were found in some
specimens beyond the osteotomy in both groups.

After 10 weeks of healing, new bone was found
in all regions, with higher percentages recorded in
regions close to the bone walls and the osteotomy
(Figs 6a and b). The granules presented a higher grade
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Fig4 Photomicrographs
of ground sections after 2
weeks of healing. (a) Cera-
bone site; (b) Bio-Oss site.
Stevenel’s blue and aliza-
rin red staining were used.
The yellow arrows indicate
new bone forming from the
mesial bone walls of the
sinus on both sides.

Fig5 Photomicrographs of ground sections after 2 weeks
of healing. New bone formed from the bone walls surrounded
the closest (a) Cerabone and (b) Bio-Oss granules. New bone
forming from the osteotomy edge at the (c) Cerabone and
(d) Bio-Oss sites. (a and b) Stevenel’s blue and alizarin red
staining; (c and d) toluidine blue staining. The yellow arrows
indicate new bone, the yellow asterisks mark old parent bone,
the red asterisks show biomaterial and the red arrows indicate
osteoclasts.

Fig 6 Photomicrographs
of ground sections after
10 weeks of healing. New
bone was found in all
regions examined at both
(a) Cerabone and (b) Bio-
Oss sites. Stevenel’s blue
and alizarin red staining
were used.

of incorporation into newly formed bone compared
to the previous healing period (Figs 7a and d). The
regions subjacent to the sinus mucosa presented the
lowest amounts of new bone. Most of the osteotomies
were closed by newly formed bone with signs of
remodelling. The degradation of the collagen mem-
brane was not completed yet (Figs 6a and b). Some
granules were found beyond the osteotomy and several
perforations of the sinus mucosa were observed for
both biomaterials.

Chinese Journal of Dental Research

Histometric evaluation

After 2 weeks of healing (Table 1), IBN was almost
absent such that both new bone and total bone frac-
tions were 0.7% and 0.3% for the Bio-Oss and Cerabone
groups, respectively (P =0.098). The residual graft frac-
tion was 43.4% for the Bio-Oss group and 48.8% for the
Cerabone group (P =0.037).

New bone was mostly located close to the sinus bone
walls (Table 2). A slight tendency towards higher bone
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formation was seen in the Bio-Oss group compared
to the Cerabone group in all regions. The submucosa
region was virtually devoid of new bone in both groups.
None of the differences between groups were statisti-
cally significant considering the various regions.

After 10 weeks of healing (Table 1), small fractions
of IBN were found in the Cerabone group (1.3%). Total
bone was found in proportions of 20.0% in the Bio-Oss
group, and 17.2% in the Cerabone group (P = 0.162).

Fig 7 Photomicrographs of ground sections after 10 weeks
of healing. New bone incorporated the granules of both
biomaterials and formed bridges that interconnected the
granules. (a and c) Cerabone and (b and d) Bio-Oss gran-
ules. (a and b) Stevenel’s blue and alizarin red staining;
(c and d) toluidine blue staining.

The residual graft decreased with respect to the previ-
ous healing period to 36.4% and 35.3% (P = 0.846) in
the Bio-Oss and Cerabone groups, respectively (Fig 8).
In both groups, the differences between periods in total
bone and residual graft percentages were statistically
significant (P < 0.05).

In both groups, the regions presenting the greatest
amount of new bone were those close to the win-
dow, followed by those close to the sinus bone walls

Table 1 Percentage of new bone and graft remnants within the full elevated area.
Time point Grafting material New bone, % IBN, %
Mean + SD Median (25%; 75%) Pvalue Mean +SD Median (25%; 75%) P value
Bio-Oss 0.7+0.8 0.4 (0.2; 0.6) 0.0+ 0.0 0.0 (0.0; 0.0)
Zweeks  [romm— 03+02 0.3(0.1; 0.4) 0-09% 004 0.0 (0.0; 0.0) NA
Bio-Oss 20.0+4.3 21.4 (18.1; 22.1) 0.0+0.0 0.0 (0.0; 0.0)
10wesks | rommme—. 158+ 40 |14.5(13.8;19.6) 0041 Hai06  [150.2:15) NA
P < 0.05.

Table 2 Total bone percentages after 2 weeks of healing. The various regions of the augmented area were evaluated.

Grafting Full augmented area
material Mean + SD Median
(25%; 75%)
Bio-Oss |0.7£0.8 0.4 (0.2; 0.6)
Cerabone |0.3+0.3 0.3 (0.1; 0.5)

0.159

Next-to-window

Pvalue Mean = SD Median
(25%; 75%)
0.3+0.5 0.0 (0.0; 0.4)
0.0+0.0 [0.0(0.0;0.0)

Central

Pvalue Mean +SD Median

0.3+0.8

(25%; 75%)
0.0 (0.0; 0.0)

0.250

0.1 +0.1

0.0 (0.0; 0.0)

P value

0.750

Table 3 Percentage of new bone after 10 weeks of healing. The various regions of the augmented area were assessed.

Grafting Full elevated area

material

Bio-Oss

Mean = SD

20.0+4.3

Median
(25%; 75%)
21.4 (18.1; 22.1)

Cerabone

172 +4.3

15.8 (14.1; 21.1)

0.162

Next-to-window
P value Mean = SD

31.5+8.1

Median
(25%; 75%)
32.4 (28.0; 33.7)

Central

P value Mean = SD Median

13.8 +8.3

(25%; 75%)
13.4 (7.8; 21.6)

P value

219x7.8

22.9 (21.0; 24.6)

0.018

12.2 + 5.1

12.8 (8.6; 15.3)

0.585
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(Table 3). In these regions, the total bone percentage
was higher in the Bio-Oss group; however, only the
difference at the next-to-window wall region was sta-
tistically significant (P = 0.018). The lowest percentage
of new bone was found in the submucosa regions, fol-
lowed by the central region.

Total bone, %

microCT evaluation

The evaluation was performed at two different thresh-
olds of grey levels to identify bone tissue from xeno-
geneic bone graft, namely 60 to 80 and 70 to 100.
After 2 weeks of healing (Figs 9a to c), the tissue vol-

Residual graft, %

Mean = SD Median (25%; 75%) P value Mean + SD Median (25%; 75%) P value
0.7+ 0.8 0.4 (0.2; 0.6) 43.4 +6.2 45.6 (40.0; 47.6)

0.3+0.3 0.3 (0.1; 0.5) 0-159 48.8 +4.3 50.0 (49.2; 51.5) 0.087
20.0+4.3 21.4 (18.1; 22.1) 0162 36.4+4.3 36.4 (35.0; 38.2) 0.846
17.2+4.3 15.8 (14.1; 21.1) 35.3+10.5 39.7 (33.5; 41.5)

Submucosa Lateral wall

Mean = SD Median P value Mean = SD
(25%; 75%)

0.0 £ 0.0 0.0 (0.0; 0.0) 1.000 1.0+1.2

0.0+ 0.0 0.0 (0.0; 0.0) 0.4+0.5

Medial wall
Median P value Mean = SD Median P value
(25%; 75%) (25%; 75%)
0.8(0.0; 1.3) 1722 0.5(0.1; 2.6)
0.2 (0.0; 0.7) 0231 Hoiis 0.3 (0.0;1.7) 0-214

Submucosa

Medial wall

Mean = SD

Median
(25%; 75%)
5.4 (3.0; 9.6)

11.5 (4.7; 13.6)

P value

0.112

Lateral wall
Mean + SD Median

(25%; 75%)
221 +10.5 21.2 (15.7; 28.6)
19.4 + 8.5 18.6 (14.8; 25.4)

P value

0.529

Mean =
SD
25.7 £ 6.8

Median
(25%; 75%)
27.0 (21.6; 29.1)

22.6 £8.3

24.3(18.8; 29.7)

P value

0.242
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Fig9 MicroCT 3D images representing healing in the grafted sinus after 2 weeks. (a) Coronal; (b) from the sinus; (c) from the nasal
bone. Cerabone grafts are on the left and Bio-Oss grafts are on the right side of the image.
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umes of the elevated spaces were 78.52 + 8.89 mm?
and 80.44 + 13.12 mm? for the Bio-Oss and Cerabone
groups, respectively (P = 0.208). The grey level of 60
to 80 yielded 14.48% + 2.29% and 9.79% =+ 1.27%
(P <0.0001) of new bone in the Bio-Oss and Cerabone
groups, respectively (Fig 10). Applying a grey level of
70 to 100, the respective proportions of new bone were
20.35% =+ 3.37% and 13.60% + 2.09% (P < 0.0001).

After 10 weeks of healing (Figs 11a to c), the tissue
volumes of the elevated spaces were 84.49 £ 9.78 mm?
and 92.96 + 12.0 mm? for the Bio-Oss and Cerabone
groups, respectively (P = 0.057). The grey level of 60
to 80 disclosed 15.83% + 1.82% and 12.28% =+ 0.96%
(P <0.0001) of new bone in the Bio-Oss and Cerabone
groups, respectively. Applying a grey level of 70 to
100, 24.76% =+ 2.50% was recorded in the Bio-Oss
group, and 20.26% = 1.57% in the Cerabone group
(P <0.0001).

100

Correlation between 10-week histological and
microCT analyses

Applying a grey level of 60 to 80 for bone tissue evalu-
ation, a weak positive correlation for the Bio-Oss group
(0.091; P =0.811) and a weak negative correlation for
the Cerabone group (—0.333; P = 0.349) were found.
Using a grey level of 70 to 100, a strong positive cor-
relation for the Bio-Oss group (0.709; P =0.027) and a
weak positive correlation for the Cerabone group (0.212;
P =0.560) were found.

Discussion

The present study aimed to compare the sequential heal-
ing of maxillary sinuses grafted with two different xeno-
geneic bone substitutes sintered at either a low or high
temperature. After 10 weeks of healing, the histological
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Fig 11 MicroCT 3D images representing healing in the grafted sinus after 10 weeks. (a) Coronal; (b) from the sinus; (c) from the
nasal bone. Cerabone grafts are on the left and Bio-Oss grafts are on the right side of the image.

evaluation showed that a tendency towards higher bone
formation was found in the Bio-Oss group compared to
the Cerabone group; however, the difference was not
statistically significant. In both groups, the highest per-
centages of new bone were observed in the regions close
to the bone walls and the osteotomy.

In the Cerabone group, several graft particles pre-
sented dark regions with fog-like shadows that hid the
hard and soft tissues. These tissues were shown more
clearly under the microscope when overexposing the
image to the light whereas, when adjusting the focus,
no improvement was made in the identification. This
method made it possible to identify new bone hidden
by the shadows and was illustrated in other articles in
which biphasic beta tricalcium phosphate/hydroxyapa-
tite (B-TCP/HA) were used for sinus floor augmentation
in sheep®® and rabbits*’ and recently in human biopsy
specimens to unveil bone covered by shadows around
Cerabone*®, The total amount of bone reported repre-
sented the sum of new bone outside the dark shadows
and that covered by those shadows (IBN). The structure
of the IBN recalled that of an “interpenetrating poly-
mer network”*® and consequently, a similar name was
adopted.

After 2 weeks of healing, the percentage of new bone
in the full elevated area was < 1% in both groups. The
inclusion of an early period of healing in the analysis of
the present study enabled the differences in the regions
close to the source of new bone to be evaluated and,
at the same time, provided the opportunity to assess
dimensional variations over time. After 2 weeks of
healing, the postsurgical oedema that occurs after sinus
floor augmentation®?-33 appeared to be resolved. The
resorptive processes were still in an early phase, result-
ing in little effect on dimensional changes. During this
healing period in both groups, bone was formed from
the lateral sinus walls while, in the submucosa area, no
new bone was found. This is in agreement with several
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other reports that showed the absence of participation
of the sinus mucosa in bone formation during this early
period of healing®%-34-33,

After 10 weeks, new bone proportions increased
in both groups in all regions included in the analyses.
In this healing period, the proportion of new bone
was 20.0% in the Bio-Oss group and 17.2% in the
Cerabone group. A comparison of the results of heal-
ing between Bio-Oss and Cerabone after sinus floor
augmentation was also performed in a clinical study3'.
Biopsy specimens were harvested after 6 months from
the augmented sinus, and the proportion of new bone
was 41.4% in the Bio-Oss group and 39.2% in the
Cerabone group; however, the difference was not stat-
istically significant’!. These proportions of new bone
were approximately double for both groups compared
to the present study. The difference in percentage might
be related to the different model used, but also to the
fact that the biopsy specimens in the animal study com-
prised all regions of the sinus, including those with very
little bone such as that subjacent to the submucosa. In
the previous study, only the region close to the base of
the sinus was included in the analysis®!, i.e., closer to
an important source of new bone>%!,

In another clinical study, the analysis performed on
biopsy specimens harvested after 8 months from sinus
augmentation revealed higher proportions of new bone
in the Cerabone group (29.1%) compared to the Bio-
Oss group (24.6%)°. Again, the difference was not
statistically significant.

In the present study, in both groups, the highest
amounts of new bone were located close to the bone
walls and the osteotomy. Both biomaterials allowed
new bone formation and, after 2 weeks, the first signs of
incorporation of the neighbouring granules were already
noted close to the bone walls. After 10 weeks, incorp-
oration of the granules was observed in all regions.
This event has been described in other experimental
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studies>*%7-28_ In an experiment on sinus augmentation
in rabbits, the sequential events of bone-to-graft contact
at DBBM granules were analysed after 7, 14, 20 and 40
days of healing?*. After 7 days, small amounts of bone
were found close to the bone walls, whereas the DBBM
granules were surrounded by soft tissue containing
fibres and fibroblast-like cells arranged in layers in
direct contact with the biomaterial surface, and after 14
days, several DBBM granules were covered by newly
formed bone; however, the majority were surrounded
by dense tissues, similar to those observed after 7 days
of healing, and the regions between granules were occu-
pied by loose tissue, poor in cells but rich in vessels2*.
In the following healing periods, further granules were
enclosed by newly formed bone, and the surfaces not
covered by bone presented dense tissues**. The regions
including those between granules, first occupied by
loose tissues, underwent a transformation into primitive
bone marrow?4.

In the present study, after 10 weeks of healing, new
bone in the whole area of the Bio-Oss group reached
a proportion of 20.0%. This result is similar to that
reported in another study in which Bio-Oss granules
were treated with Argon plasma or left untreated before
being used to fill the subantral space in rabbits2®. The
percentages of new bone after 10 weeks were 23.5% in
the plasma group and 21.3% in the untreated group. The
histological analyses were also performed in the bone
wall and central regions of the sinuses2®. The proportion
of new bone in the group not treated with argon plasma
was 26.3% in the bone wall region, and 13.2% in the
central regions”®. These data are consistent with those
of the present study, with the proportion of new bone
being approximately 22.0% to 26.0% in the bone wall
region and 13.8% in the central region.

In both groups in the present study, the submucosa
region exhibited lower amounts of new bone compared
to the other regions examined, namely 6.9% and 9.7%
in the Bio-Oss and Cerabone groups, respectively.
Other similar experiments on sinus augmentation in
rabbits reported data on bone formation in this re-
gion®’-%1, The presence of new bone subjacent to the
sinus mucosa cannot exclude its contribution to bone
formation; however, if this contribution does exist, it is
limited. It is also necessary to consider that several per-
forations of the sinus mucosa were observed with rela-
tion to the biomaterial particles in both groups. It has
been shown in a rabbit model that the presence of sinus
mucosa perforations compromised new bone formation
in the adjacent regions within the sinus®?.

The difference in percentage between 2 and 10
weeks of healing was 7.0% for Bio-Oss and 13.5% for
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Cerabone. This means that part of the biomaterial was
resorbed or lost through the osteotomy or the sinus
mucosa. Indeed, several osteoclastic-like zones were
observed around both biomaterials at the 2-week evalu-
ation period whereas after 10 weeks, osteoclastic-like
cells were rarely observed. This observation agrees with
other reports that showed a progressively decreasing
percentage of osteoclasts within the augmented space
over time>*>3,

The two bovine cancellous bone grafts used in the
present experiment as fillers for sinus augmentation
were processed at different temperatures, namely 300°C
for Bio-Oss and 1200°C for Cerabone. The process car-
ried out at a high temperature produces macroporous
particles with increased crystallinity which might result
in slower resorption of the graft, and decreases the
microporosity of the surface which might also reduce
the osteoconductivity®>3. In the present study, how-
ever, despite the use of similar volumes of biomaterial
in all sinuses, slightly higher volumes were found after
10 weeks compared to 2 weeks of healing. This in turn
means that the volumes were maintained over time or
even increased, perhaps for bone apposition.

The microCT showed higher percentages of new
bone in the Bio-Oss group compared to the Cerabone
group (P> 0.0001). The data yielded from the microCT
analysis were not completely in agreement with those
from the histological analysis, especially for the 2-week
period. These differences might be ascribed to the fact
that histology is a 2-dimensional analysis that repre-
sents only a central, limited portion of the sinus that
includes the osteotomy. The microCT analysis instead
assesses the whole volume that also includes regions
located distally and mesially to the osteotomy, in con-
tact with the nasal bone, that represent a further source
for bone formation; however, another aspect that should
be considered is that the microCT analysis might make
it difficult to discriminate between bone and xenogeneic
bone graft, yielding contradictory outcomes compared
to the histological assessments, especially in the earliest
periods of healing?>-%. Indeed, three out of four cor-
relations evaluated between the bone percentage after
10 weeks in the Bio-Oss and Cerabone groups were
weak, whereas only that for the Bio-Oss group applying
a grey level of 70 to 100 was strong positive.

With regard to the limitations of the present study,
the dark fog-like shadows present in some regions of
Cerabone granules should be mentioned. This event,
perhaps due to the high porosity of the biomaterial, the
stain characteristics or the slow degradation of the bio-
material®’, might obstruct identification of new bone
and decrease the percentage of new bone detected with
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Cerabone. The model used represents another limitation
of the study considering the dimensions of the sinus and
the lower thickness of the sinus mucosa compared to
humans>*. Moreover, healing in rabbits has been shown
to be faster compared to humans®®; thus, any inferences
about humans must be taken with caution.

Conclusion

The present study illustrated that both biomaterials pro-
vided conditions that allowed bone growth within the
elevated space and confirmed that both biomaterials are
suitable to be used as graft materials for sinus floor aug-
mentation. The overexposure to the microscope light in
the histological preparation might help to identify the
tissues veiled by the dark shadows surrounding Cera-
bone particles.
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