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RESUMO

Recentemente, o uso de granulos de titdnio como um material de enxerto para promover
formacéao dssea foi proposto. No entanto, ndo ha informacdes na literatura sobre o efeito deste
material na formacdo dssea inicial que ocorre durante o processo cicatricial. O objetivo do
presente estudo foi avaliar a cicatrizagdo inicial de alvéolos enxertados com grénulos de
titdnio. Foram utilizados cinco cées da raca Beagle. As raizes mesiais dos terceiros pré-
molares superiores foram removidas. Em um lado, um enxerto consistindo de granulos de
titanio foi colocado no alvéolo pds-extracdo, enquanto que o pré-molar correspondente do
outro lado foi deixado cicatrizar sem enxerto. Ap6s um més de cicatrizacdo, os cdes foram
sacrificados e amostras de tecido foram obtidas. Os tecidos em cicatrizacdo foram descritos e
medidas histométricas foram realizadas. Os achados dos exames histoldgicos revelaram que
ap0s um més de cicatrizacdo o enxerto de titanio estava bem incorporado no tecido conjuntivo
provisério ou no 0sso entrelacado recem-formado. As mensuragdes histomeétricas mostraram,
entretanto, que mais osso mineralizado foi formado no alvéolo sem enxerto do que nos
alvéolos enxertados. Portanto, o presente estudo demonstrou que (i) o uso de granulos de
titdnio em alvéolos dentéarios foi conducente com a formacao 0ssea, e (ii) a cicatrizacéo destes
alvéolos, no intervalo de um més, parece estar atrasada em relacdo ao grupo controle. Mais
estudos sdo necessarios para avaliar a formacdo e remodelacdo 0ssea em intervalos maiores de
tempo.

Palavras-chave: granulos de titanio, alvéolo, extracdo, biomaterial, enxerto, formacéo 0ssea.



ABSTRACT

Recently, the use of titanium granules as a graft material to promote bone formation was
proposed. There are, however, no data in the literature about the effect of such biomaterial in
the early bone formation that occurs during the healing process. The aim of the present study
was to evaluate the effect on early bone formation of the placement of titanium granules in
fresh extraction sockets. Five beagle dogs were used. The mesial roots of the third maxillary
premolars were removed. In one side, a graft consisting of titanium granules was placed in the
fresh extraction wound, while the corresponding premolar site in the contra-lateral side was
left non-grafted. After 1 month of healing, the dogs were sacrificed and biopsies were
obtained. The healing tissues were described and histometric measurements were performed.
The findings from the histological examinations revealed that after 1 month of healing the
titanium graft was well incorporated into provisional connective tissue or newly-formed
woven bone. The histometric measurements showed, however, that more mineralized bone
was formed in the non-grafted site than in the grafted sites. The present study demonstrated
that (i) the use of titanium granules in alveolar sockets following tooth removal was
conducive to bone formation, and (ii) the healing in such sockets, at the 1-month time
interval, seemed to be delayed in relation to the control group. More studies are necessary for
evaluating the bone formation and remodeling in longer time intervals.

Keywords: titanium granules, extraction socket, biomaterial, grafting, bone formation.



2.1

2.2

2.3

3.1

3.2

3.2.1

3.2.2

3.3

SUMARIO

LISTADE TABELAS ...ttt bbbt saee e 14
LISTADE FIGURAS ..ottt ettt bbbt aeas 15
INTRODUGAO ....ooooiceeeeeeeeeveeee et 16
MATERIAIS E METODOS ......ovuiiieeesieeee et enest st nessan s nene e 19
AMOSTIA ... et e ar e 19
AValiaGa0o NISLOIOGICA ........oieeiieieiiie et 20
ANALISE DOS HAUODS ... et e 21
RESULTADOS ...ttt sttt sttt s et e e st en e e e e s nbeestaennbe e 22
EXAME CHINICO ... et 22
EXamMe NISTOIOQICO .....oveieieciie ettt nn s 22
Alveolos com enxerto de granulos de titAnio .........cccccvevecee e 22
DAY AVZ=To] o T3 ole] ol Y- To U] o RSOSSN 23
Medidas MOIFOMELIICAS ........ccceriiieieriie et 23
DISCUSSAD ...ocivirriareesss s bbb b 25
REFERENCIAS ...ttt ettt 29
ANEXOS e 34

ARTIGO EM INGLES .......ooieieece ettt 41



LISTA DE TABELAS

TABELA 1 - Valores médios (DP) das proporcdes (%) dos diferentes tecidos nos alvéolos

ENXEITAA0S € NAO ENXEIEAUDS. ©.vuveeeeeeeeeeeeeeeeeeeeeeeeeeeeeee et ee e eeerereeeeeeeerererererareaees 35



LISTA DE FIGURAS

FIGURA 1a - Fotografia clinica ilustrando o enxerto de grénulos de titanio colocado em um

AIVEOI0 POS-EXIFTAGAD. ....cvviverieieetiie ettt et e e 36

FIGURA 1b - Vista clinica do alvéolo com coédgulo imediatamente apds a extracdo da raiz

MNESTAL oo 36

FIGURA 2a - Sitios cicatrizados com granulos de titanio, exibindo mucosa queratinizada com

COlOragao aCiNZENTAUA. ........coeeverieiiii e 36

FIGURA 2b - Sitios cicatrizados com coagulo, exibindo mucosa queratinizada com coloracéo

DO NN .ottt et et et et e ettt e e e teeatet et e tatat et et aa e 36

FIGURA 3 - Microfotografia de um corte do tecido conjuntivo da mucosa de alvéolos

enxertados ilustrando o epitélio oral recém-formado. ..........cccccevvvveivcienenn, 37

FIGURA 4 - Microfotografia de um corte vestibulo-lingual representando um alvéolo

enxertado ilustrando os granulos de titanio. .........cccccceveviiiie e 37

FIGURA 5 - Microfotografia de um corte vestibulo-lingual ilustrando os granulos que

estavam expostos a cavidade oral. ..........ccceoeiieiiiiicice e 38

FIGURA 6 - Microfotografia ilustrando os granulos de titdnio observados dentro do tecido

conjuntivo provisorio e células multinucleadas. ............c.cccoevevieviivecce e, 38

FIGURA 7 - Microfotografia de um corte vestibulo-lingual representando um alvéolo com

(07T Uo 1] 0TSSP 39



16

1- INTRODUCAO

O enxerto com 0sso autégeno tem sido considerado o padrdo-ouro devido a sua auséncia de
mecanismos imunolégicos de rejeicdo, presenca de células indiferenciadas e fatores de
crescimento, e suas propriedades osteoindutiva e osteocondutiva (para revisao, ver Burchardt
1983; Albrektsson & Johansson 2001; Turhani et al. 2005). Uma desvantagem no uso de 0sso
autdgeno corresponde ao processo de obtencdo do enxerto que requer uma cirurgia adicional
no sitio doador, o que leva a uma maior morbidade pés-operatéria (Laurie et al. 1984;
Nystrém et al. 1993; Strandkvist & Hallman 1998; Block & Kent 1997; Nkenke et al. 2002;
Schimming & Schmelzeisen 2004; Nkenke et al. 2004). Além disso, a modelagcdo 0ssea que
ocorre durante o processo de cicatrizagdo no procedimento de enxerto de 0sso autégeno pode
levar a resultados clinicos imprevisiveis em longo prazo (Kahnberg et al. 1989; Nystréom et al.
1993, 1995; Widmark et al. 1997). Substitutos 6sseos osteocondutivos e ndo-reabsorviveis
podem, por consequéncia, ser uma vantagem sobre 0s enxertos 0sseos autogenos (Jonsson &
Mjoberg, 2009). Substitutos 6sseos evitam o procedimento de remocdo do enxerto e podem

limitar a modelacdo pos-operatdria do enxerto.

Muitos biomateriais tem sido propostos como substitutos 0sseos, como exemplo
hidroxiapatita (Simion et al. 1998; Mangano et al. 2003), 0sso bovino inorganico (Berglundh
& Lindhe 1997; Hallman et al. 2001; Araujo et al. 2008; Araujo et al. 2009), vidro bioativo
(Wilson et al. 1981; Moore et al. 2001; Norton & Wilson, 2002) e zircénia (Hisbergues et al.
2009). Recentemente, um biomaterial feito de titdnio (Natix™, Tigran Technologies AB,
Malmd, Sweden) foi proposto para ser usado em defeitos dsseos (Holmberg et al. 2008). O
material consiste de grénulos porosos e irregulares de titdnio comercialmente puro de

tamanho entre 0.7 a 1.0mm com uma porosidade de aproximadamente 80%, e quando
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implantado, os granulos teoricamente podem imbricar um com outro, criando uma estrutura
ininterrupta. O beneficio Obvio de wusar granulos de tithnio é a sua aclamada
biocompatibilidade (Boyan et al. 1996), definida por Williams (1987) como a habilidade de
uma biomaterial de desempenhar sua funcéo desejada, sem despertar nenhum efeito deletério
sistémico ou local no hospedeiro; e sua capacidade de criar um contato entre a superficie do
granulo e 0 0sso, em um processo similar a osseointegracdo, que é definido como um contato
direto entre o0 0sso vivo e a superficie do implante (Albrektsson et al. 1981; Schroeder et al.
1981). Outro importante aspecto € a osteocondutividade do titénio, que é a habilidade de um
material de agir como um arcabouco passivo suportando uma nova formacdo de 0sso e

capilares (Urist, 1965).

O uso de granulos de titanio como um material de enxerto foi avaliado em alguns poucos
estudos. Alffram et al. (2007) descreveram em 5 pacientes, acompanhados entre 9 e 15 anos,
uma técnica cirurgica para a fixacdo de uma protese de titanio de cabeca de fémur com
preenchimento dos espacos com granulos de titanio entre a préotese e o 0sso. Os autores
observaram que todas as proteses estavam assintomaticas e estaveis por todo o periodo de
acompanhamento. Autdpsias e tomografias computadorizadas mostraram que o0s granulos se
tornaram incorporados pelo osso do hospedeiro. Turner et al. (2007) avaliaram
histologicamente o uso de granulos de titanio porosos para fixacdo de uma protese de cabeca
de fémur em um modelo de hemiartroplastia. ApoOs seis meses de cicatrizacdo, radiografias e
micrografias eletrdnicas de varredura demonstraram a formacdo de um novo 0sso ao redor dos
granulos, e exames histologicos revelaram a formacéo de 0sso lamelar através dos granulos de
titinio em continuidade com o cortex circundante, resultando na formacdo de um manto
integrado de 0sso e titanio ao redor das proteses. Somente um estudo (Bystedt & Rasmusson,

2008) foi descrito na literatura avaliando a taxa de sobrevivéncia de implantes instalados em
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seios maxilares enxertados com granulos de titanio. Dezesseis pacientes foram incluidos e
vinte e trés implantes foram instalados. Quando a estabilidade priméaria era possivel, os
implantes eram instalados na mesma sessdo do levantamento de seio maxilar. Os resultados
demonstraram que ap6s 12-36 meses da aplicacdo de carga protética, uma taxa de

sobrevivéncia de 87% foi alcangada.

N&o ha na literatura, entretanto, evidéncias histoldgicas das reacdes teciduais iniciais que
ocorrem ap6s o enxerto com granulos de titanio em alvéolos ap6s extracdo. Estas reacdes
podem influenciar o resultado final da cicatrizagdo ap0s procedimentos de enxerto (Araujo et
al. 2010). Deste modo, o objetivo do presente estudo foi avaliar o efeito do enxerto de
granulos de titdnio na formacéo dssea inicial no alvéolo apds extracdo dentaria. Para isto foi
utilizado um modelo experimental fartamente estudado: o alvéolo dentario apoOs extracao

(Araujo & Lindhe 2005; Araujo et al. 2008; Trombelli et al. 2008).
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2 - MATERIAIS E METODOS

2.1 - Amostra

O Comité de Etica da Universidade Estadual de Maringa aprovou o protocolo de pesquisa (n°
029/2008). Foram utilizados cinco cdes Beagle com aproximadamente um ano de idade e
pesando 10 kg cada, sistemicamente saudaveis e sem doenca periodontal. Durante 0s
procedimentos cirdrgicos, 0s animais foram anestesiados com administracdo intravenosa de

Ketamina (Ketamina Agener® 10%, 8ml/kg, Unido Quimica Farmacéutica Nacional S/A, S&o

Paulo, Brasil) e Xylazina (Rompun® 0,1 ml/kg, Bayer do Brasil S/A, Sao Paulo, Brasil).

IncisBes na crista e no sulco gengival foram feitas na regido dos terceiros pré-molares em
ambos os lados da maxila. Retalhos de espessura total vestibular e lingual foram elevados
para expor a crista Ossea alveolar. O canal das raizes distais dos terceiros pré-molares
superiores foi tratado e preenchido com guta-percha (Dentsply, Maillefer, Dentsply Industria
e Comércio Ltda., Petropolis, Brasil). Os pre-molares foram subsequentemente hemi-
seccionados com o uso de brocas diamantadas (KG Sorensen 3113, Séo Paulo, Brasil). As
raizes mesiais foram cuidadosamente removidas com o uso de alavancas. Por terem um maior
volume na maxila, os alvéolos das raizes mesiais foram escolhidos para serem usados. As
raizes distais foram mantidas para preservar a forma do rebordo alveolar. Os alvéolos foram
selecionados aleatoriamente para receber um dos seguintes tratamentos: (i) enxerto de
granulos de titdnio (Natix™, Tigran Technologies AB, Malmo, Suécia), até o total
preenchimento do alvéolo (Fig. 1a), e (ii) coagulo sanguineo (Fig. 1b). Os retalhos vestibular
e lingual foram reposicionados para cobrir a entrada dos alvéolos. Os retalhos foram mantidos

em posicdo com suturas interrompidas (Ethicon, Johnson & Johnson, Sdo Paulo, Brasil). As
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suturas foram removidas apés 10 dias. Limpeza dentéria mecanica foi realizada de 1 a 3 vezes

por semana.

Apbs um més de cicatrizagdo, os cdes foram sacrificados com uma overdose de Ketamina e
perfundidos através das artérias cardtidas com um fixador contendo uma mistura de
glutaraldeido a 5% e formaldeido a 4% (Karnovsky, 1965). As maxilas foram cortadas em
blocos de amostra de tecido contendo os sitios experimentais. Os alvéolos dos pré-molares
foram dissecados usando uma serra diamantada (Exakt® Apparatebau, Norderstedt, Hamburg,
Alemanha), e subsequentemente as amostras foram desidratadas em gradientes de etanol,
infiltradas com metacrilato (Technovits 7200 VLC-resin; Kulzer, Friedrichrsdorf, Alemanha),
polimerizadas e seccionadas no plano vestibulo-lingual usando um dispositivo de corte por
desgaste (Exakt®, Apparatebau). De cada amostra de tecido, um corte histoldgico vestibulo-
lingual representando a area central do alvéolo foi preparado. Os cortes foram reduzidos a
espessura de aproximadamente 20um por micro-desgaste e polimento. Os cortes foram

corados com corante para fibrina de Ladewig.

2.2 - Avaliacdo histoldgica

Os exames histoldgicos foram realizados em um microscépio Carl Zeiss® Axioskop 2 Plus
(Carl Zeiss Light Microscopy, Goéttingen, Alemanha) equipado com um sistema de captura de
imagem (AxioCam®; Carl Zeiss, Gottingen, Alemanha) e um software Axiovision de analise

(Carl Zeiss Microlmaging, Jena, Alemanha).

A composicdo do tecido recem-formado no alvéolo pds-extracdo foi determinada usando um
procedimento de contagem de pontos. Microfotografias digitais (com aumento de 100x)

foram tiradas de toda a extensdo dos alvéolos. Subsequentemente, essas microfotografias
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foram abertas em um programa de edicdo de imagem Adobe Photoshop CS (Adobe®, San
Jose, Califérnia, EUA). Uma grade composta de 100 pontos (modificada de Schroeder &
Minzel-Pedrazzoli, 1973) foi digitalmente sobreposta sobre cada microfotografia do tecido, e
entdo foi determinada a porcentagem de &rea total do alvéolo ocupada por (i) tecido
conjuntivo, (ii) novo 0sso mineralizado e (iii) osso medular. Além disso, a porcentagem de
area ocupada pelos granulos de titdnio (biomaterial) nos alvéolos enxertados também foi

calculada.

2.3 - Analise dos dados

Valores médios e desvios-padrdes das diferentes variaveis foram calculados usando o céo
como unidade estatistica. Resultados histologicos foram obtidos em porcentagens médias
(xDP). As diferencas entre os grupos teste e controle foram analisadas usando o teste t de
Student para observacGes pareadas. Diferencas foram consideradas estatisticamente

significantes quando p era <0,05.
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3 - RESULTADOS

3.1 - Exame clinico

A cicatrizacdo ocorreu sem eventos adversos em todos os cdes. No momento do sacrificio, a
entrada de todos os alvéolos estava fechada por um tecido gengival saudavel e queratinizado.
Além disso, nos sitios experimentais em que os granulos foram enxertados, a mucosa

queratinizada exibia uma coloragéo acinzentada (Fig. 2a, 2b).

3.2 - Exame histoldgico

Em ambos os grupos, o tecido conjuntivo da mucosa cobrindo os alvéolos apresentou-se rico
em células mesenquimais, estruturas vasculares e aglomerados de células inflamatdrias. Um
epitélio oral recem-formado exibindo varios prolongamentos epiteliais foi observado

revestindo o tecido conjuntivo (Fig. 3).

3.2.1 - Alveolos com enxerto de granulos de titanio

Em todos os sitios enxertados (Fig. 4), foi possivel identificar granulos de titanio no tecido
conjuntivo e dentro do alvéolo. Os granulos apresentaram tamanhos que variavam entre 0.7 e
1 mm em seu longo eixo e exibiram frequentemente muitos poros. Na porcdo supra-alveolar
da mucosa, os granulos estavam circundados por um denso tecido conjuntivo coberto com
epitélio oral. Em uma amostra (Fig. 5), alguns granulos estavam expostos na cavidade bucal e

um infiltrado inflamatdrio foi observado no tecido conjuntivo adjacente.

Os alvéolos enxertados estavam ocupados por tecido de granulacdo, tecido conjuntivo
provisério, 0sso entrelacado e granulos de titanio. O biomaterial foi observado principalmente

nas porg¢des coronal e média dos alvéolos. Na porcéo coronal do alvéolo, o biomaterial estava
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incluso em um tecido conjuntivo rico em células mesenquimais, fibras colagenas, vasos e
pequenos aglomerados de células inflamatorias, enquanto que na porgdo média do alvéolo os
granulos estavam frequentemente envoltos por um osso entrelagado recém-formado. Células
multinucleadas foram ocasionalmente observadas na superficie do biomaterial (Fig. 6). A
superficie do biomaterial apresentava, raramente, células inflamatorias. A porgdo apical do
alvéolo, que frequentemente apresentou-se sem granulos de titanio, estava ocupada

principalmente por 0sso entrelagado.

3.2.2 - Alveolos com coagulo

Os sitios com coagulo (alvéolos ndo enxertados) estavam ocupados por 0sso entrelagcado e
tecido conjuntivo provisério. O tecido conjuntivo provisorio remanescente, composto por
fibras de tecido conjuntivo densamente agrupadas, células mesenquimais e estruturas
vasculares, foi observado na porcéo central dos alvéolos. Apical e lateralmente ao tecido
conjuntivo provisorio, 0 0sso entrelagado recem-formado estendia-se das paredes ocupando a
maior parte do alvéolo (Fig. 7). As projecdes 0sseas circundavam um tecido conjuntivo com
fibras coladgenas organizadas em um padrédo entrelacado e estruturas vasculares. As trabeculas
de o0sso imaturo estavam margeadas por osteoblastos. Ocasionalmente, osteoclastos isolados,
encontrados em baias de reabsorcGes, podiam ser observados na superficie do 0sso recém-
formado préximo as paredes dos alvéolos. Frequentemente, a regido apical dos alvéolos

estava em contato direto com o seio maxilar.

3.3 - Medidas morfométricas
A porcentagem média de area ocupada pelos varios tecidos e pelos granulos de titanio nos
alvéolos esta presente na Tabela 1. A proporcdo de tecido conjuntivo nos alvéolos enxertados

foi de 59,4 + 15,1% e nos alvéolos controle de 30,3 + 8,4%. O o0sso mineralizado recém-
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formado ocupou 40,4 + 14,9% da area do alvéolo enxertado. O valor correspondente nos
alvéolos ndo enxertados foi de 58,7 + 4,4%. A propor¢do de medula 6ssea foi de 0,2 + 0,5%
nos sitios com granulos e 11,0 + 5,7% nos sitios com apenas coagulo. Os granulos de titanio
ocuparam 33,2 + 7,7% da area dos alvéolos enxertados. Para os trés parametros (tecido
conjuntivo, 0sso mineralizado recém-formado e osso medular), as diferencas entre 0s grupos

foram estatisticamente significantes.
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4 - DISCUSSAO

No presente estudo, os alvéolos foram enxertados com granulos de titanio imediatamente apds
extracdo dentaria. A cicatrizacdo ocorreu por um més e amostras de tecido foram obtidas para
analise histologica. Observou-se que o biomaterial nos alvéolos enxertados estava bem
integrado tanto ao tecido conjuntivo provisorio quanto ao 0sso entrelacado recém-formado.
As medidas histométricas mostraram, entretanto, que os sitios enxertados exibiram uma

quantidade significantemente menor de novo 0sso que os alvéolos ndo enxertados.

ApoOs um més de cicatrizagcdo, os alvéolos ndo enxertados estavam quase completamente
ocupados por 0sso entrelacado e a quantidade de osso mineralizado era de aproximadamente
59%. Esta observacdo estd de acordo com os estudos prévios avaliando a cicatrizacdo de
alvéolos em um modelo similar (Aradjo & Lindhe 2005; Cardaropoli et al. 2003). Nestes
estudos, a cicatrizacdo dos alvéolos em pré-molares inferiores de cées foi avaliada em cortes
preparados em planos mesio-distal e vestibulo-lingual. Os autores observaram que entre a 22 e
42 semanas de cicatrizacdo, o tecido conjuntivo provisério era gradualmente substituido por
um osso entrelacado até o nivel da crista 0ssea alveolar. Ao longo dessas semanas, 0 0SSO
entrelacado era gradualmente substituido (remodelado) por tipos mais maduros de tecido
0sseo: 0sso lamelar e osso medular. Além disso, as paredes alveolares externas foram
modeladas e a dimens&o total do alvéolo foi reduzida. Sendo assim, a maior atividade da

mineralizacdo inicial parece ocorrer no final do primeiro més de cicatrizacéo.

Os alvéolos enxertados com granulos de titanio exibiram uma porcentagem menor de area
ocupada por 0sso mineralizado do que os alvéolos que ndo receberam enxerto. Além disso,

também foi observado que a por¢des mais apicais dos alvéolos em que o biomaterial estava
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ausente, a quantidade de o0sso entrelacado parece ser similar aos sitios ndo enxertados. Por
outro lado, a proporcao de tecido conjuntivo provisério foi maior nos sitios enxertados. Isto
tem sido demonstrado em diversos estudos experimentais que durante a cicatrizagcdo de
alvéolos pds-extracdo, a formacdo de osso entrelacado é precedida pela formagdo de um
tecido conjuntivo provisério (Amler 1969; Cardaropoli et al. 2003; Aradjo & Lindhe 2005;
Trombelli et al. 2008). Deste modo, o presente estudo sugere que, apds um més de
cicatrizacdo, o enxerto do alvéolo com granulos de titanio imediatamente apds a extracdo
dentéria atrasou o processo de cicatrizagdo quando comparado com 0s sitios controle ndo

enxertados (grupo coagulo).

Nas porcOes coronal e média dos alvéolos enxertados, o tecido conjuntivo provisorio que
circundava a maior parte dos granulos de titdnio apresentava ocasionalmente células
multinucleadas. Essas células multinucleadas podem representar osteoclastos na tentativa de
reabsorver o biomaterial. Essa suposicédo esta de acordo com o estudo de Araujo et al. 2010.
Os autores observaram que células multinucleadas ao redor de biomateriais nas fases iniciais
de processo de cicatrizacdo eram células TRAP-positivas. Muitos estudos que avaliaram a
reacao tecidual a implantacdo de biomateriais também observaram que uma cicatrizacdo mais
lenta parecia estar relacionada a presenca de células multinucleadas (Cardaropoli et al. 2005;
Araujo et al. 2008). Além disso, quando a superficie do biomaterial estava livre de células
inflamatdrias, 0sso entrelacado era frequentemente depositado em sua superficie. Parece que o
atraso na cicatrizacdo observado nesse estudo pode ter sido influenciado por essas células

multinucleadas que ocorreram nos tecidos que abrigavam os granulos de titanio.

E relevante reconhecer que a reacdo tecidual ao titanio pode variar de acordo com sua forma.

Suzuki & Frangos (2000) reportaram que embora particulas de titanio possam induzir a
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formacdo de células multinucleadas/osteoclastos, a superficie do titdnio osseointegra sem
intercorréncias ao tecido 6sseo. Recentemente, a formacdo 6ssea inicial ao redor de implantes
de titanio com superficies lisa e tratada foi descrita por Abrahamsson et al. 2004. Os autores
descreveram a cicatrizacdo entre 2 horas até 12 semanas apés a instalagdo dos implantes. Os
resultados indicaram que nenhuma reagdo de corpo estranho em direcdo a superficie do

implante ocorreu em qualquer periodo de tempo.

A alta capacidade de osteoconducdo do titanio é bem conhecida (Urist, 1965). Muitos estudos
demonstraram o alto indice de sucesso na osseointegracdo do uso de fixa¢Oes de titdnio na
implantodontia (para revisdo, ver Albrektsson et al. 1981). Além disso, esta bem estabelecido
que para que uma fixacdo de titanio favoreca uma osseointegracédo previsivel é essencial que
se alcance a estabilidade primaria durante as fases iniciais de cicatrizacdo (Turner et al. 2007).
No presente experimento, 0 0sso entrelacado recém-formado foi observado dentro dos poros e
na superficie dos granulos. Assim, sugere-se que o0s granulos de titanio puderam alcancar uma
estabilidade mecanica inicial devido ao fato de estarem protegidos de qualquer tipo de

deslocamento mecanico pelas paredes 0sseas dos alvéolos.

Novo 0sso se formou, em quantidades comparaveis, na por¢do apical do grupo teste (granulos
de titdnio) e do grupo controle (coagulo), enquanto que nas porcbes remanescentes dos
alvéolos enxertados, uma menor quantidade de 0sso imaturo pode ser encontrada circundando
os granulos. Aradjo & Lindhe (2009) afirmaram que ha razdes para supor que apds extracao
dentaria e colocacdo de enxerto, o fluxo subsequente de sangue na porcdo apical do alvéolo
forcaria o biomaterial em direcdo coronal. Dessa forma, um vazio seria entdo criado na por¢éao

apical do alvéolo que alojaria apenas um coagulo. Isto poderia explicar porque a por¢ao apical
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do alvéolo teste apresentou, aparentemente, quantidades de 0sso semelhante aos alvéolos ndo

enxertados.

No presente estudo, a mucosa do rebordo exibiu, frequentemente, uma coloracdo acinzentada
na regido da entrada do alvéolo cicatrizado. Isso pode ser importante se tratando de areas
estéticas, onde a coloragdo cinza pode afetar o resultado final. A presenca de granulos de
titdnio no tecido conjuntivo do rebordo acima do nivel da crista 6ssea é obviamente a razdo
para tal coloracdo. Esta observacdo esta de acordo com o estudo de Alffram et al. 2007. Os
autores usaram granulos de titdnio em procedimento de reconstrugdo de quadril. Eles
observaram que o manejo do material e sua distribuicdo e retencdo na posicdo desejada era

dificil.

O presente estudo demonstrou que o uso de gréanulos de titanio em defeitos contido por
paredes (alvéolo dentario) foi conducente com a formacao déssea. Este estudo, entretanto, foi
de curta duracdo. Mais estudos sdo necessarios para avaliar a formacdo e remodelacdo 0ssea
em periodos maiores de tempo. Tambem € necessario em longos periodos de cicatrizacdo
verificar o efeito do enxerto na modelacdo das paredes do alvéolo dentario. Seria importante
reconhecer o potencial de tal material em preservar as dimensdes do alvéolo apos extracao
dentaria. Além disso, 0 0sso aumentado com granulos de titdnio deve ser testado como um

local apropriado para instalacdo de implantes.
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TABELA

Tabela 1 - Valores médios (DP) das proporcdes (%) dos diferentes tecidos nos alvéolos

enxertados e ndo enxertados.

Granulos de titanio Coagulo Teste t
Tecido conjuntivo 59,4 (15,1) 30,3 (8,4) 0,0237*
NoVO 0SS0 40,4 (14,9) 58,7 (4,4) 0,0436*
Osso medular 0,2 (0,5) 11,0 (5,7) 0,0078*

» 0 biomaterial ocupou 33,2 + 7,7% da area dos alvéolos enxertados.

* estatisticamente significante (p<0,05)
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FIGURAS

Figura l1a - Fotografia clinica ilustrando o enxerto de granulos de titanio colocado em um
alvéolo pds-extracao.
Figura 1b - Vista clinica do alvéolo com coagulo imediatamente ap6s a extracdo da raiz

mesial.

Figura 2a - Fotografias clinicas ilustrando os aspectos da mucosa. Nos sitios com granulos de
titdnio, a mucosa queratinizada exibiu uma coloracgdo acinzentada.

Figura 2b - Sitios com codgulo exibindo uma colora¢do normal da mucosa queratinizada.
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Figura 3 - Microfotografia ilustrando um corte do tecido conjuntivo da mucosa de alvéolos
enxertados. Um epitélio oral recém-formado exibindo varios prolongamentos epiteliais foi

observado margeando o tecido conjuntivo (corante para fibrina de Ladewig; aumento 20x).
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Figura 4 - Microfotografia de um corte vestibulo-lingual representando um alvéolo enxertado.

Note que as porcGes central e marginal do alvéolo estavam ocupadas por granulos de titanio.
Na porcdo supra-alveolar da mucosa, os grénulos estavam circundados por um tecido
conjuntivo denso coberto por um epitélio oral (corante para fibrina de Ladewig; aumento

10x).
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Figura 5 - Microfotografia de um corte vestibulo-lingual ilustrando os granulos que estavam
expostos (uma amostra) a cavidade oral. Um infiltrado inflamatério foi observado no tecido
conjuntivo circunjacente (corante para fibrina de Ladewig; aumento 100x).

Figura 6 - Microfotografia ilustrando os granulos de titanio observados dentro do tecido
conjuntivo provisorio. Note a presenca de células multinucleadas na superficie do biomaterial

(corante para fibrina de Ladewig; aumento 200Xx).
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Figura 7 - Microfotografia de um corte vestibulo-lingual representando um alvéolo com

coagulo. O local da extracdo nesse periodo de tempo (1 més) estd dominado por um 0sso
entrelacado recém-formado e tecido conjuntivo provisério (corante para fibrina de Ladewig;

aumento 10x).
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Early healing of alveolar sockets grafting with titanium granules.

An experimental study in dogs.

ABSTRACT

Recently, the use of titanium granules as a graft material to promote bone formation was
proposed. There are, however, no data in the literature about the effect of such biomaterial in
the early bone formation that occurs during the healing process. The aim of the present study
was to evaluate the effect on early bone formation of the placement of titanium granules in
fresh extraction sockets. Five beagle dogs were used. The mesial roots of the third maxillary
premolars were removed. In one side, a graft consisting of titanium granules was placed in the
fresh extraction wound, while the corresponding premolar site in the contra-lateral side was
left non-grafted. After 1 month of healing, the dogs were sacrificed and biopsies were
obtained. The healing tissues were described and histometric measurements were performed.
The findings from the histological examinations revealed that after 1 month of healing the
titanium graft was well incorporated into provisional connective tissue or newly-formed
woven bone. The histometric measurements showed, however, that more mineralized bone
was formed in the non-grafted site than in the grafted sites. The present study demonstrated
that (i) the use of titanium granules in alveolar sockets following tooth removal was
conducive to bone formation, and (ii) the healing in such sockets, at the 1-month time
interval, seemed to be delayed in relation to the control group. More studies are necessary for

evaluating the bone formation and remodeling in longer time intervals.

Keywords: titanium granules, extraction socket, biomaterial, grafting, bone formation.
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INTRODUCTION

Grafting with autogenous bone has been considered a gold standard due to lack of
immunological rejection mechanisms, presence of stem cells and growth factors, and its
osteoinductive and osteoconductive properties (for review, see Burchardt 1983; Albrektsson
& Johansson 2001; Turhani et al. 2005). One disadvantage in using autogenous bone
corresponds to the harvesting procedure that requires additional surgery at the donor site,
which may lead to postoperative morbidity (Laurie et al. 1984; Nystréom et al. 1993;
Strandkvist & Hallman 1998; Block & Kent 1997; Nkenke et al. 2002; Schimming &
Schmelzeisen 2004; Nkenke et al. 2004). In addition, bone modeling that occurs during the
healing process on the autogenous bone graft procedure may lead to unpredictable long-term
clinical outcomes (Kahnberg et al. 1989; Nystrom et al. 1993, 1995; Widmark et al. 1997).
Nonresorbable, osteoconductive bone substitutes may therefore be an advantage over
autogenous bone grafts (Jonsson & Mijbdberg, 2009). Bone substitutes avoid the graft-

harvesting operation and may limit postoperative graft modeling.

Several biomaterials have been proposed as bone substitutes, e.g. hydroxyapatite (Simion et
al. 1998; Mangano et al. 2003), anorganic bovine bone (Berglundh & Lindhe 1997; Hallman
et al. 2001; Araujo et al. 2008; Aradjo et al. 2009), bioactive glass (Wilson et al. 1981; Moore
et al. 2001; Norton & Wilson, 2002) and zirconia (Hisbergues et al. 2009). Recently, a
biomaterial made of titanium (Natix™, Tigran Technologies AB, Malmd, Sweden) was
proposed to be used in bone defects (Holmberg et al. 2008). The material consists of irregular
and porous granules of commercially pure titanium sized between 0.7-1.0 mm with an open
porosity of approximately 80%, and when implanted, the granules theoretically could

interlock with each other, creating an uninterrupted structure. The obvious benefit of using
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titanium granule is its acclaimed biocompatibility (Boyan et al. 1996), defined by Williams
(1987) as the ability of a biomaterial to perform its desired function, without eliciting any
undesirable local or systemic effects in the host; and its capacity to create a contact between
the granule surface and the bone, in a similar process to osseointegration, which is defined as
the direct contact between living bone and a load-carrying implant (Albrektsson et al. 1981;
Schroeder et al. 1981). Another important aspect is the titanium osteoconductivity, which is
the ability of the material to act as passive scaffolding that supports new bone formation

ingrowth of capillaries and bone (Urist, 1965).

The use of titanium granules as graft material was evaluated in few studies. Alffram et al.
(2007) described in 5 patients followed between 9 and 15 years a surgical technique for the
fixation of titanium hip stem prostheses by filling the interspaces between the stem and the
bone with titanium granules. The authors observed that all stems were asymptomatic for the
whole follow up period and the prostheses remained stable. Autopsy and computer
tomography showed that the granules became incorporated by the host bone. Turner et al.
(2007) evaluated histologically the use of porous titanium granules for cementless fixation of
a hip replacement femoral stem in a hemiarthroplasty model. After 6 months of healing,
radiographs and scanning electron micrographs demonstrated new bone formation around the
granules and histological examination revealed lamellar bone formation through the titanium
granules in continuity with the surrounding cortex resulting in the formation of an integrated
mantle of bone and titanium granulate around the prosthesis. Only one study was performed
in the mouth (Bystedt & Rasmusson, 2008). The aim of the study was to evaluate the survival
rate of implants installed in sinuses augmented with titanium granules. Sixteen patients were

included and 23 implants were installed. When primary stability was possible, the implants
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were installed in the same session of the sinus grafting. The results demonstrated that after 12-

36 months of prosthetic loading, an implant survival rate of 87% was achieved.

Histological evidence of the early tissue reactions towards the grafting with titanium granules
is missing in the literature. These reactions may affect the healing final outcome after the graft
procedure (Araujo et al. 2010). Thus, the aim of the present study was to evaluate the effect in
the early bone formation of titanium granules grafted in the alveolar socket following tooth
extraction. The bone healing in postextraction alveolar socket is well studied in the literature,
and the use of such a model to study the effect of biomaterials on the early bone formation is

well-established (Aradjo & Lindhe 2005; Araujo et al. 2008; Trombelli et al. 2008).

MATERIAL AND METHODS

Sample

The ethical committee of the State University of Maringa approved the research protocol.
Five beagle dogs about 1 year old and weighing about 10kg each, systemically healthy and
without periodontal disease, were used. During surgical procedures, the animals were
anesthetized with intravenously administered Ketamine (Ketamina Agener® 10%, 8ml/kg,
Unido Quimica Farmacéutica Nacional S/A, Sdo Paulo, Brazil) and Xylazine (Rompun® 0,1

ml/kg, Bayer do Brasil S/A, Sdo Paulo, Brazil).

Pocket and crestal incisions were made in the posterior premolar region in both quadrants of
the maxilla. Buccal and lingual full thickness flaps were elevated to disclose the alveolar

crest. The canal of the distal roots of the third upper premolars was reamed and filled with
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gutta-percha. The premolars were subsequently hemi-sected with the use of fissure burs. The
mesial roots were carefully removed with the use of elevators. As the mesial roots had higher
volume, their sockets were chosen to be used. The distal roots were maintained to preserve the
alveolar ridge form. The sockets were randomly selected to receive one of the following
treatments: (i) titanium granules graft (Natix™, Tigran Technologies AB, Malmo, Sweden),
and (ii) blood clot (Fig. 1a, 1b). The buccal and lingual flaps were repositioned to cover the
entrance of the extraction sockets. The flaps were retained with interrupted sutures. The
sutures were removed after 10 days. Mechanical tooth cleaning was performed 1-3 days per

week.

After 1 month of healing, the dogs were euthanized with an overdose of ketamine and
perfused, through the carotid arteries, with a fixative containing a mixture of 5%
glutaraldehyde and 4% formaldehyde (Karnovsky, 1965). The maxillas were cutted in
biopsies blocks containing the experimental sites. The premolar sites were dissected using a
diamond saw (Exakt® Apparatebau, Norderstedt, Hamburg, Germany), and subsequently the
samples were dehydrated in increasing grades of ethanol, infiltrated with methacrylate
(Technovits 7200 VLC-resin; Kulzer, Friedrichrsdorf, Germany), polymerized and sectioned
in the buccal-lingual plane using a cutting—grinding device (Exakt®, Apparatebau). From each
biopsy unit, one buccal-lingual section representing the central area of the site was prepared.
The sections were reduced to a thickness of about 20pum by micro-grinding and polishing. The

sections were stained in Ladewig’s fibrin.

Histological evaluation
The histological examinations were performed in a Carl Zeiss® Axioskop 2 Plus microscope

(Carl Zeiss Light Microscopy, Gottingen, Germany) equipped with an image system
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(AxioCam®; Carl Zeiss, Gottingen, Germany) and AxioVision software (Carl Zeiss

Microlmaging, Jena, Germany).

The composition of the newly formed tissue in the extraction socket was determined using a
point counting procedure. Digital microphotographs (magnification x100) were taken from
the entire healing sockets. Subsequently, these microphotographs were opened in image
editing software Adobe Photoshop CS (Adobe® San Jose, California, USA). A grid
comprising 100 points (modified from Schroeder & Miinzel-Pedrazzoli, 1973) was digitally
superimposed over each microphotograph of the tissue, and the percentage area occupied by
(i) connective tissue, (ii) new mineralized bone and (iii) bone marrow was determined. In
addition, the percentage area occupied by titanium granules (biomaterial) in the grafted sites

was also calculated.

Data analysis

Mean values and standard deviations of the different variables were calculated using the dog
as the statistical unit. Histological results were expressed in mean percentages (xSD).
Differences between test/control groups were analyzed using Student’s t-test for paired

observations, and they were considered statistically significant when p was <0.05.

RESULTS

Clinical examination
Healing was uneventful in all dogs. At the time of sacrifice, the entrance of all alveolar

sockets was closed by healthy and well-keratinized soft tissue. In addition, in the experimental
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sites in which titanium granules were grafted, the keratinized mucosa exhibited a grayish

discoloration (Fig. 2a, 2b).

Gross histological examination

The connective tissue of the mucosa covering the grafted as well as the non-grafted sockets
was rich in mesenchymal cells, vascular structures and clusters of inflammatory cells. A
newly-formed oral epithelium exhibiting several rete pegs was observed to line the connective

tissue (Fig. 3).

Titanium sites

In all grafted sites (Fig. 4), it was possible to identify titanium granules in the connective
tissue and in the socket. The granules appeared in sizes the varied about 0.7-1 mm in its long
axis and exhibited frequently several pores. In the supra-alveolar compartment in mucosa, the
granules were surrounded by a dense connective tissue covered with an oral epithelium. In
one specimen (Fig. 5), the granules were exposed to the oral cavity and an inflammatory

infiltrate was observed in the surrounding connective tissue.

The grafted socket was occupied by granulation tissue, provisional matrix, woven bone and
titanium granules. The biomaterial was mainly observed at the coronal and middle part of the
socket. In the coronal portion of the socket, the biomaterial was mainly enclosed in a
connective tissue rich in mesenchymal cells, fibers, vessels and small amounts of
inflammatory cells, while in the middle portion, it was frequently involved by the forming
woven bone. The biomaterial surface was occasionally coated with multinucleated cells (Fig.
6). The apical portion of the socket, which was frequently devoid of titanium granules, was

mostly occupied by woven bone.
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Coagulum sites

The coagulum site (non-grafted sockets) was occupied by woven bone and provisional matrix.
The remaining provisional matrix, comprised of densely packed connective tissue fibers,
mesenchymal cells and vascular structures, was observed in central portions of the socket.
Apical and lateral to the provisional matrix, the newly-formed woven bone extended from the
socket walls and occupied most of the socket (Fig. 7). The bone projections encircled a
connective tissue containing collagen fibers organized in a woven pattern and vascular
structures. The trabeculae of immature bone were lined with osteoblasts. Occasionally,
isolated osteoclasts, residing in resorption bays, could be observed on the surface of the newly
formed bone close to the socket walls. Frequently, the apical region of the socket was in direct

contact with the sinus floor.

Morphometric measurements

The percentage area occupied by the various tissues and the titanium granules in the alveolar
socket is presented in Table 1. The proportions of connective tissue in the socket were 59.4 +
15.1% in the grafted sites and 30.3 £ 8.4% in the coagulum sites. The newly formed
mineralized bone occupied 40.4 + 14.9% of the grafted socket area. The corresponding values
in the non-grafted sites were 58.7 £ 4.4%. The proportions of bone marrow in the socket were
0.2 £ 0.5% in the grafted sites and 11.0 £ 5.7% in the coagulum sites. The titanium granules
occupied 33.2 £ 7.7% of the area in the grafted sockets. For the three parameters (connective
tissue, newly-formed mineralized bone and bone marrow), the differences between groups

were statistically significant.
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DISCUSSION

In the present study, alveolar sockets were grafted with titanium granules immediately after
tooth extraction. Healing was allowed for 1 month and tissue samples were obtained for
histological analyses. It was found that the biomaterial in the grafted sites was well-integrated
with either a provisional connective tissue or with a newly-formed woven bone. The
histometric measurements showed, however, that the grafted sited exhibit significantly less

new bone than the coagulum site (non-grafted).

Following 1 month of healing, the non-grafted sockets were almost completely occupied by
woven bone and the amount of mineralized bone was about 59%. This observation is in
accordance with previous studies evaluating the socket healing in a similar model (Aradjo &
Lindhe 2005; Cardaropoli et al. 2003). In these studies, the healing of the alveolar sockets in
lower premolars of dogs was evaluated in sections prepared in mesio-distal and in buccal-
lingual planes. The authors observed that between the 2nd and 4th week of healing, the
provisional matrix (provisional connective tissue) was gradually replaced by woven bone up
to bone crest level. Through the following weeks, the woven bone was gradually replaced by
(remodeled into) mature types of bone tissue: lamellar bone and bone marrow. In addition, the
external alveolar walls were modeled and the overall dimension of the socket was reduced.
Therefore, the burst of initial mineralization seems to occur by the end of the first month of

healing.

The sockets grafted with titanium granules exhibited less percentage area occupied by
mineralized bone than the sockets in which no graft was placed. In addition, it was also

observed that in the more apical portions of the sockets where the biomaterial was absent, the
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amount of woven bone appeared to be similar to the non-grafted sites. On the other hand, the
proportion of provisional connective tissue was larger in the grafted sites than in the non-
grafted sites. It has been demonstrated by several experimental studies that during the healing
of extraction sockets, the woven bone formation is preceded by the formation of an
undifferentiated connective tissue, e.g. provisional matrix (Amler 1969; Cardaropoli et al.
2003; Aradjo & Lindhe 2005; Trombelli et al. 2008). Thus, the present study suggested that,
after 1 month of healing, the graft of a socket immediately after tooth extraction with titanium
granules delayed the healing process when compared with non-grafted control sites

(coagulum group).

In the coronal and middle portions of the grafted sockets, the provisional matrix that
surrounded the majority of the titanium granules contained, occasionally, multinucleated cells.
These multinucleated cells may represent osteoclasts attempting to resorb the biomaterial.
This assumption is in accordance with Araujo et al. 2010. The authors observed that the
multinucleated cells around the biomaterials in the early phases of the healing process were
TRAP-positive cells. Several studies that evaluated the tissues reaction to the implantation of
biomaterials have also observed that delayed healing appeared to be related to the presence of
multinucleated cells (Cardaropoli et al. 2005; Araudjo et al. 2008). Furthermore, when the
biomaterial surface was free of inflammatory cells, woven bone were frequently deposited on
its surface. It seemed that delayed wound healing observed in the present study may have
been influenced by these multinucleated cells that occurred in tissues harboring the titanium

granules.

It is relevant to recognize that the tissue reaction to titanium may vary according to its format.

Suzuki & Frangos (2000) reported that although titanium particles induce the formation of
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multinucleated cells/osteoclasts, the titanium surfaces uneventfully osseointegrate with the
bone tissue. Recently, the early bone formation on titanium implants with turned and modified
surfaces was described by Abrahamsson et al. 2004. The authors described the healing
between 2 hours up and 12 weeks after implant installation. The results indicated that no

foreign body reaction towards the implant surface had occurred at any time interval.

It is well-known the high osteoconduction capacity of the titanium (Urist, 1965). Several
studies have reported high osseointegration success rate with the use of titanium fixtures in
implant dentistry (for review, see Albrektsson et al. 1981). In addition, it is well established
that in order a titanium fixture to be conducive to predictable osseointegration it is mandatory
to achieve primary stability during the early phases of healing (Turner et al. 2007). In the
current experiment, the newly-formed woven bone was observed inside the granules porous
and on the granule surface. Thus, it is suggested that titanium granules did achieved initial
mechanical stability for bone ingrowth in the alveolar socket which represents a self-

contained defect.

New bone had formed, in comparable amounts, in the apical portion of the test (titanium
granules) and control (coagulum) sites, while in the remaining portions of the grafted sockets,
smaller amount of immature bone could be found surrounding the granules. Aradjo & Lindhe
(2009) asserted that there are reasons to suppose that following root extraction and graft
placement, the ensuing flow of blood into the apical portion of the socket force the grafting
material in coronal direction. A void was hereby established in the apical zone of the socket
that could lodge a coagulum. This could explain the reason the apical portion of the test

socket showed, apparently, the same amount of bone of non-grafted sites.
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Frequently, the ridge mucosa in the present study exhibited a grayish discoloration on the
entrance of the healed socket. This might be important when treating aesthetic areas, where
the grayish color could affect the final result. The presence of titanium granules in the ridge
connective tissue above the crestal bone level is obviously the reason for such discoloration.
This observation is in accordance with the study of Alffram et al. 2007. The authors have used
titanium granules in hip reconstruction procedure. They observed that the handling of the

material and its distribution and retention in the desirable position was difficult.

The present study demonstrated the use of titanium granules in self-contained defects
(alveolar socket) was conducive to bone formation. This study was, however, of short term
duration. It is necessary more studies for evaluating the bone formation and remodeling in
longer time intervals. It is also necessary in longer periods of healing to verify the effect of
such a graft on the modeling of the alveolar sockets walls. It would be important to recognize
the potential of such material to preserve the socket dimensions following tooth extraction.
Furthermore, the bone augmented with titanium granules have to be tested as a suitable site

for implant installation.
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TABLE

Table 1. Mean values (SD) of the proportions (%) of the different tissues in the grafted and

non-grafted alveolar sockets.

Titanium granules Coagulum t-test
Connective tissue 59.4 (15.1) 30.3 (8.4) 0.0237*
New bone 40.4 (14.9) 58.7 (4.4) 0.0436*
Bone marrow 0.2 (0.5) 11.0 (5.7) 0.0078*

» the biomaterial occupied 33.2 £ 7.7% of the area in the grafted sites.

* statistically significant (p<0.05)
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FIGURES

Fig. 1a: Clinical photograph illustrating the graft of titanium granules placed in the fresh
extraction socket.

Fig. 1b: Clinical view of the coagulum site immediately after mesial root extraction.

Clinical photographs illustrating the mucosa aspects. In the titanium granules sites, the
keratinized mucosa exhibited a grayish discoloration (Fig. 2a), while in the coagulum sites,
the keratinized mucosa exhibited a normal discoloration (Fig. 2b).
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Fig. 3. Microphotograph illustrating the connective tissue of the mucosa of the grafted
sockets. A newly-formed oral epithelium exhibiting several rete pegs was observed to line the

connective tissue (Ladewig fibrin stain; original magnification 20x).

Fig. 4. Microphotograph of a buccal-lingual section representing a grafted site. Note that the
central and marginal portions of the socket were occupied by the titanium granules. At the
supraalveolar compartment in mucosa, the granules were surrounded by a dense connective

tissue covered with an oral epithelium (Ladewig fibrin stain; original magnification 10x).
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Fig. 5: Microphotograph illustrating the granules that were exposed (in one specimen) to the
oral cavity. An inflammatory infiltrate was observed in the surrounding connective tissue
(Ladewig fibrin stain; original magnification 100x).

Fig. 6: Microphotograph illustrating the titanium granules observed in the provisional matrix.
The biomaterial surface was occasionally coated with multinucleated cells (Ladewig fibrin

stain; original magnification 200x).
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Fig. 7: Microphotograph of a buccal-lingual section representing a non-grafted site. The

remaining provisional matrix, comprised of densely packed connective tissue fibers,
mesenchymal cells and vascular structures, was observed in central portions of the socket.
Apical and lateral to the provisional matrix, the newly-formed woven bone extended from the

socket walls and occupied most of the socket (Ladewig fibrin stain; original magnification

10x).



