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RESUMO

O éxito clinico da terapia com implantes depende de diversos fatores e condigdes.
Contudo, um dos principios mais relevantes ao sucesso da reabilitacdo é ligado a
obtencdo de uma estabilidade primaria adequada, que pode variar dependendo das
condigbes bioldgicas intrabucais do paciente (Inchingolo et al., 2021; Insua et al.,
2017). Em 2015, um grupo de pesquisadores e cientistas desenvolveram uma técnica
para obtencdo de uma osseodensificacdo baseada na utilizagao de fresas projetadas
especificamente para esta fungédo, conhecidas como fresas densificadoras (Huwais;
Meyer, 2015). A grande vantagem desta técnica é a capacidade do instrumental em
promover a densificacdo no alvéolo que recebera o implante dentario quando
trabalhado no sentido anti-horario (Slete; Olin; Prasad, 2018). O objetivo deste
trabalho foi comparar as técnicas convencional e de osseodensificacdo com fresas
quanto aos valores de torque de insergao (TI), torque de remocao (TR), coeficiente de
estabilidade (1SQ), temperatura maxima e altera¢des estruturais; além de comparar a
perda de massa (peso em gramas) em dois diferentes sistemas de fresas — o kit de
referéncia Densah®/Versah e um kit nacional Bone Reamer Drills® (BRD)/WF. Foi
realizada microscopia eletrbnica de varredura (MEV) para analise da superficie das
fresas osseodensificadoras e dos leitos 6sseos. Para os testes de Tl e TR, 1SQ e
temperatura maxima, realizaram-se analise descritiva (média e desvio padrao), teste
de normalidade de Shapiro-Wilk e ANOVA de medidas repetidas, seguido de post-hoc
de Bonferroni. Para a variagdo dos pesos das fresas, aplicaram-se analise descritiva
Shapiro-Wilk e teste t para amostras pareadas. O nivel de significancia adotado foi de
5% (p< 0,05). Houve diferenga estatisticamente significativa entre os grupos para os
valores de Tl e TR, mas né&o para I1SQ, a temperatura maxima e perda de massa das
fresas (g). As imagens do MEV revelaram diferencas estruturais entre as fresas
Densah e BRD, bem como compactagdo 6ssea nos leitos preparados por ambas.
Conclui-se que ambos os kits de osseodensificacdo aumentam a estabilidade primaria
dos implantes em osso tipo IV, sem diferenga significativa nos valores de I1SQ,
temperatura ou perda de massa, sendo técnicas seguras desde que acompanhadas
de irrigacao adequada.

Palavras-chaves: torque; implantes dentarios; carga imediata em implantodontia;
biomecanica.



ABSTRACT

Analysis of osseodensification with two different drill kits compared to the
conventional technique for dental implants: an ex vivo study

The clinical success of implant therapy depends on several factors and conditions.
However, one of the most relevant principles for successful rehabilitation is achieving
adequate primary stability, which may vary depending on the patient’s intraoral
biological conditions (Inchingolo et al., 2021; Insua et al., 2017). In 2015, a group of
researchers and scientists developed a technique to achieve osseodensification using
drills specifically designed for this purpose, known as densifying burs (Huwais; Meyer,
2015). The main advantage of this technique is the ability of the instrument to promote
densification in the osteotomy site when operated in a counterclockwise direction
(Slete; Olin; Prasad, 2018). The objective of this study was to compare the
conventional and osseodensification drilling techniques in terms of insertion torque
(IT), removal torque (RT), implant stability quotient (ISQ), maximum temperature, and
structural changes; in addition to comparing the mass loss (weight in grams) in two
different drill systems — the reference Densah®/Versah kit and a national Bone Reamer
Drills® (BRD)/WF kit. Scanning electron microscopy (SEM) was performed to analyze
the surface of the osseodensifying burs and the bone beds. For the IT, RT, ISQ, and
maximum temperature tests, descriptive analysis (mean and standard deviation),
Shapiro-Wilk normality test, and repeated measures ANOVA followed by Bonferroni
post-hoc test were conducted. For the variation in drill weights, descriptive analysis,
Shapiro-Wilk test, and paired t-test were applied. The significance level was set at 5%
(p < 0.05). There was a statistically significant difference between groups for IT and
RT values, but not for ISQ, maximum temperature, or drill mass loss (g). SEM images
revealed structural differences between the Densah and BRD burs, as well as bone
compaction in the beds prepared by both, with cracks observed in the beds prepared
using the Densah system. It is concluded that both osseodensification kits increase
primary implant stability in type IV bone, with no significant differences in ISQ values,
temperature, or mass loss, and are considered safe techniques when accompanied by
adequate irrigation.

Keywords: torque; dental implants; immediate dental implant loading; biomechanics.
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1 CONSIDERAGOES INICIAIS

Na odontologia, a substituicdo de dentes perdidos por meio de implantes
dentarios € uma das modalidades de tratamento com maior indice de sucesso (Dias-
Castro et al., 2019). Os implantes dentarios proporcionaram uma revolugdo na
reabilitacdo oral, apresentando uma taxa de sucesso superior a 90% em 10 anos,
possibilitando seu uso com previsibilidade e desfechos favoraveis na substituicdo de
dentes perdidos (Albrektsson et al., 1986).

Isso se deve principalmente a sua excelente aplicabilidade clinica, pois
apresentam alta biocompatibilidade com tecidos adjacentes e propriedades
biomecanicas satisfatorias (Jung et al., 2018). Os avangos em implantodontia,
relacionados a novos materiais e técnicas inovadoras, tornaram mais dinamico e
pragmatico o protocolo de instalagdo dos implantes dentarios, o que possibilitou a
capacitacdo de diversos profissionais e a popularizagdo deste tratamento
odontoldgico (Pjetursson et al., 2012). Adversidades, antes encaradas como desafios
clinicos em implantodontia, foram superadas pelo uso de abordagens inovadoras,
principalmente relacionadas ao uso de implantes em areas intraorais de grande
dificuldade e complexidade, como a regido posterior da maxila (Kola et al., 2015).

A osseointegracao se caracteriza pela adaptagao da estrutura 6ssea adjacente
com o corpo do implante, sem a interposicao de um tecido ndao ésseo, com capacidade
de ser submetido a uma carga funcional (Branemark, 1983; Rauber, 2019). O éxito
clinico da terapia com implantes depende de diversos fatores e condi¢cdes. Para
termos a osseointegragao e o consequente sucesso em implantodontia, € necessario
obter uma estabilidade primaria adequada (Yacker; Klein, 1996); sendo este um dos
principios mais relevantes no sucesso, mas que pode variar dependendo das
condi¢gbes bioldgicas intrabucais do paciente (Insua et al., 2017; Inchingolo et al.,
2021). A estabilidade primaria esta diretamente relacionada a um preparo cirurgico
atraumatico tecidual, visando uma melhor resposta cicatrizadora e evitando
complicagbes intra e pds-operatorias, como dor, edemas, hemorragias e perda
precoce do implante. (Lahens et al., 2016; Lee et al., 2019; Carr et al., 2019; Feher et
al.,, 2020). Devido a esses principios, diversos pesquisadores tém estudado e
aperfeicoado as técnicas de preparo do leito 6sseo, com uma recente atencao para a
técnica de osseodensificagao, que objetiva desenvolver um autoenxerto condensado

em torno do implante (Huwais; Meyer, 2015; Lahens et al., 2016).
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A osseodensificacdo se apresenta como uma técnica onde ocorre a
compactagdo de microparticulas &sseas, geradas no protocolo de perfuragao
cirurgico, a parede do alvéolo (Trisi et al., 2016). Entende-se que o contato imediato
do implante dentario com as microparticulas compactadas favorece uma
osseointegracao mais eficiente, devido a nucleagdo dos osteoblastos nessa regiao,
além de uma estabilidade primaria aumentada devido ao intertravamento fisico
(Lahens et al., 2016). Uma resposta biologica satisfatoria, relacionada a
osseodensificagao, levara a um aumento significativo em relagéo a resisténcia e a
rigidez, promovendo um ganho em estabilidade primaria (Kold et al., 2005; Kold et al.,
2006). Em 2015, um grupo de pesquisadores e cientistas desenvolveram uma nova
técnica para obtengdo de uma osseodensificacdo baseada na utilizacdo de fresas
projetadas especificamente para esta fungéo, conhecidas como fresas densificadoras
(Huwais; Meyer, 2015). A grande vantagem desta técnica € a capacidade do
instrumental causar um corte no tecido mineral 6sseo até a profundidade de
osteotomia desejada, quando utilizado girando em sentido horario, e ser capaz de
promover a densificacdo no alvéolo que recebera o implante dentario, se trabalhado
no sentido anti-horario (Slete; Olin; Prasad, 2018).

Diferentes sistemas apresentam normas especificas que guiam o
implantodontista no procedimento cirurgico e reabilitador (Mello-Machado, 2021). A
técnica convencional de preparo do leito implantar varia de acordo com a
disponibilidade 6ssea, da macrogeometria e do sistema de implante eleitos para a
reabilitacdo (Attard, 2005). Em contraste com a técnica de osseodensificagao, que
realiza uma preparagao de osteotomia sem escavacéo, a técnica convencional utiliza
fresa com didmetros variados para promover um acesso cirurgico controlado e

especifico para cada tipo de implante dentario (Attard, 2005; Mello-Machado, 2021).

1.1 O tecido 6sseo

O osso humano é constituido por proteinas e minerais que o conferem
flexibilidade e rigidez, que estdo diretamente relacionados a densidade de colageno
em sua composic¢ao. Tais propriedades estdo associadas a capacidade de absorver
energia e se deformar, até o limite da fratura (Lioubavina-Hack; Lang; Karring, 2006).
Baseado na classificagdo de Lekholm e Zarb de 1985, Misch (2008), classifica a

densidade 6ssea de acordo com a composigcao biolégica em quatro grupos, D1, D2,
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D3 e D4.

O tipo D1 é um osso composto em sua maioria por cortical densa, encontrado
em regido anterior de mandibula; D2 € um osso com caracteristica cortical densa e
porosa em sua zona de crista, enquanto sua zona interna é trabeculada, podendo ser
localizado em regido anterior de mandibula e maxila, além da regido posterior da
mandibula; D3 apresenta uma crista com cortical porosa e fina e um osso trabecular
fino, encontrado em regido anterior de maxila e posterior de maxila e mandibula; D4
apresenta uma crista 6ssea com cortical fina, sendo composta por trabeculado fino

em quase sua totalidade, observado em regiao posterior de maxila. (Misch, 2008).

1.2 Osseointegragao

A osseointegracao, ou osteointegracao, € uma referéncia a ligagao da interface
entre osso e implante, que ocorre sem a interposicdo de um tecido ndo 6sseo. E
descrito como um tecido altamente diferenciado que realiza uma conexao estrutural e
funcional direta, que ocorre entre 0 0sso vivo ordenado e a superficie de um implante
que suporta carga (Branemark, 1983). A osseointegracado pode também ser definida
como uma relagao anquilética entre as duas superficies, sendo essas a superficie do
implante e a do osso circundante (Javed; Romanos, 2010; Javed et al., 2011).
Segundo Adell (1985), seu conceito pode ser definido como o contato direto, estrutural
e funcional entre o osso vivo e a superficie endo-6ssea do implante funcionalmente
com carga.

Essa interface direta entre o osso e a superficie do implante, é o fator mais
importante para o sucesso da terapia com implantes dentarios. Outros fatores também
envolvidos no sucesso clinico do implante sé&o a realizagdo de uma técnica cirurgica
atraumatica e a estabilizacao satisfatdria do implante durante a cirurgia inicial (Yacker;
Klein, 1996).

1.3 Estabilidade primaria

A qualidade e a quantidade de osso disponivel podem influenciar
consideravelmente no sucesso de um procedimento de implante dentario (Jaffin;
Berman, 1991; Padhye; Padhye; Bhatavadekar, 2020). Observa-se que em areas de

baixas densidades 6sseas ocorre uma maior taxa de falha dos implantes (Hermann et
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al., 2005). Segundo Isoda et al. (2012), isso acontece principalmente por uma menor
estabilidade primaria, observada nos implantes posicionados nestas areas.

A estabilidade primaria do implante pode ser considerada como um pré-
requisito para a obtencédo da osseointegragédo, sendo ela um parametro estatico e
mecanico (Barbera-Millan et al., 2021). E determinada no momento da colocacdo do
implante e é relacionada principalmente com a resisténcia e com a qualidade da
friccdo entre 0 0sso e 0 parafuso no momento de sua instalagao cirurgica (Mcglumphy,
2008; Turkyilmaz; Herrero-Climent, et al., 2013; Karl; Grobecker-Karl, 2018; Chavarri-
Prado et al., 2020), sendo um fator importante para o sucesso clinico, pelo menos nos
estagios iniciais da cicatrizacdo 6ssea (Formiga et al., 2023).

A estabilidade primaria pode ser definida como a auséncia de mobilidade clinica
sob a atuagdo de uma carga, e é considerada um dos principais requisitos para obter
a osseointegragcao e para a manutencdo de um implante dentario (Branemark et al.,
1977; Albrektsson et al., 1981). Segundo Glauser et al. (2004), essa estabilidade pode
ser influenciada por diversos fatores, como a densidade do osso a receber o implante,
a técnica cirurgica ou o desenho do proprio implante. Chavarri-Prado et al. (2020)
ainda citam que a estabilidade primaria pode ser afetada, também, pela experiéncia
do operador. A quantidade e a qualidade do leito 6sseo influenciam diretamente na
estabilidade primaria do implante (Albrektsson et al., 1981). Isso acontece porque os
implantes colocados em ossos com baixa densidade possuem baixa estabilidade
primaria e dificilmente obterdo alto torque de insergéo (Jaffin; Berman, 1991; Isoda et
al., 2012). O torque é uma grandeza fisica que consiste em uma medida quantitativa
de uma forca aplicada a fim de gerar um movimento de rotagdo, ou seja, € a
resisténcia necessaria para que o implante se mova em direcdo apical no 0sso
(Chavarri-Prado et al., 2020).

O teste de analise de frequéncia de ressonancia (AFR) realiza a avaliacao da
estabilidade do implante no osso, medindo a sua frequéncia de oscilagdo. Este teste
€ um método ndo invasivo e objetivo para medicdo da estabilidade do implante
(Chavarri-Prado et al., 2020). E uma técnica de diagnéstico em que se utiliza um
transdutor piezoelétrico que emite um sinal em uma frequéncia especifica, fazendo
com que o implante vibre; a resisténcia do implante a essa vibragdo € medida pelo
dispositivo e transformado em um valor de ISQ (coeficiente de estabilidade do
implante), medido de 0 a 100, sendo 100 o valor maximo. (Griffin; Cheung, 2004;
Herrero-Climent et al., 2013).
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Difundida internacionalmente por Summers (1994), a técnica de preparo
utilizando ostedtomos, condensadores e expansores, especialmente projetados, nos
campos cirurgicos para aumentar a densidade 0ssea e a condensacédo em locais de
baixa qualidade é a mais conhecida pela comunidade clinica odontolégica (Padhye;
Padhye; Bhatavadekar, 2020). Pesquisas e estudos clinicos laboratoriais foram
realizados nos anos subsequentes a fim de avaliar criteriosamente a técnica,
entretanto seus resultados mostraram que o aumento da densidade éssea ocorria
somente na regido periapical do implante e era comum encontrar micro fraturas
trabeculares na regido do alvéolo, que prolongavam a cicatrizacdo e a
osseointegracao, ocasionadas principalmente por um controle de forga e técnica
imprecisa do operador implantodontista (Pefarrocha et al., 2001; Blanco et al. 2008;
Wang et al., 2017).

1.4 Osseodensificagao

A osseodensificagao € uma técnica de osteotomia que visa preservar o volume
0sseo e aumentar sua densidade por meio da compactagao do osso autdégeno durante
a instrumentacgao do leito, provocando uma expansao da crista 6ssea e 0 aumento da
densidade local (Huwais; Meyer, 2017). Segundo Huwais e Meyer (2017), esta técnica
resulta em um aumento da estabilidade primaria do implante e em uma quantidade
superior de osso em contato com sua superficie, criando uma camada de densidade
Ossea satisfatoria ao redor do leito da osteotomia. A técnica da osseodensificacdo
com osteotomias parece ser uma excelente alternativa para a colocagao de implantes
dentarios, uma vez que a maioria das complicagdes descritas se referem as técnicas
de ostedtomo (martelado ou motorizado) e subperfuragao (Caceres et al., 2020).

Pereira et al. (2023), em uma revisao sistematica, concluiram que a técnica de
osseodensificagcdo oferece beneficios quando empregada em ossos classificados
como tipo IV, visto que aumenta a estabilidade primaria, favorece o contato entre osso
e implante (BIC) e, consequentemente, o sucesso clinico. A osseodensificacdo €
capaz de preservar 0 0sso de duas maneiras: pela compactagdo do 0sso esponjoso
devido a uma deformacao viscoelastica e plastica, e pela compactagao autoenxertada
de particulas ésseas por todo o comprimento do alvéolo e no apice da osteotomia
(Huwais; Meyer, 2017).

Esta consolidado na literatura cientifica que uma densificacdo 6ssea adequada
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€ capaz de proporcionar um acumulo maior de tecido 6sseo sobre a superficie e
estrutura do parafuso implantado (Huwais; Meyer, 2017). Essa resposta bioldgica
positiva provoca um ganho significativo em resisténcia e rigidez relacionado a
estabilidade primaria dos implantes dentarios (Kold et al., 2005; Kold et al., 2006), pois
a preservagao da estrutura histoldgica do osso compactado gera um aumento da
estabilidade primaria (Cehreli et al., 2009).

Uma forma de definir a estabilidade primaria € relacionando-a com o atrito
gerado durante a insergdo do pino do implante no osso intraoral. (Inchingolo et al.,
2021). A estabilidade secundaria, contudo, esta relacionada a formagdo e a
remodelagdo de um novo 0sso que ocorre em contato com a superficie do implante
(Javed; Romanos, 2010; Javed et al., 2011). Friberg, Jemt, Lekholm (1991) afirmam
em seu estudo que tanto a estabilidade secundaria quanto a osseointegragdo podem
ser afetadas pela falta de estabilidade primaria. Assim, em areas com densidade
Ossea relativamente baixa, a osseodensificagao, ao invés da osteotomia, beneficiaria
e melhoraria o sucesso a longo prazo da terapia com implantes dentarios (Trisi et al.,
2013).

Huwais e Meyer (2015) observaram em um estudo as dificuldades e
desvantagens das técnicas convencionais de osseodensificagcdo que existiam na
literatura cientifica, e a partir de sua pesquisa elaboraram um novo protocolo para
reduzir tais limitacdes, principalmente as relacionadas a estabilidade primaria. Sua
nova técnica utiliza fresas projetadas especificamente para garantir a
osseodensificagdo adequada, conhecidas como fresas Densah®, que garantem um
controle tatil apropriado do operador e as vantagens clinicas e cirurgicas que 0s
osteétomos apresentavam (Kanathila; Pangi, 2018).

As fresas Densah® possuem um design que garante angulos com inclinagéo
negativa e bordas nao cortantes, capazes de compactar suavemente o 0sso a medida
que sdao inseridas no campo cirargico (Huwais; Meyer, 2015). A haste da fresa longa
e seu formato conico garantem a eficiéncia do trabalho em regiées mais profundas e
o0 aumento gradual do didmetro no osso que esta sendo perfurado. Quando utilizadas
em sentido horario sdo capazes de causar um corte no tecido mineral 6sseo até a
profundidade de osteotomia desejada, e entdo trabalhadas em sentido anti-horario
para causar a densificagdo no alvéolo que recebera o implante dentario (Slete; Olin;
Prasad, 2018).

Huwais e Meyer (2017) apresentaram dados que comprovavam que a técnica
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da osseodensificagcdo aumentava o valor torque de inser¢do em um osso de baixa
densidade, de 25 Ncm (Newton por centimetro) na técnica padrao para 49 Ncm. Ainda
nesta pesquisa, mostraram achados secundarios relacionados a natureza
viscoelastica do osso, uma vez que se o local da osteotomia osseodensificada
permanecer vazio, isso ocasiona na redugao gradual de 91% de seu diametro, o que
intensifica os achados de estabilidade primaria quando o implante esta inserido e
compactado por forcas de compressao naturais.

Sendo uma poténcia no campo cientifico odontolégico, o mercado brasileiro
desenvolve fresas para a técnica de osseodensificagdo que ainda requerem
investigacbes mecanico-fisicas para permitir sua recomendacao na Implantodontia,
permitindo a execucdo segura dos protocolos de perfuragdo com resultados
previsiveis e satisfatorios para os pacientes (Gongalves et al., 2019).

Sao inumeras as vantagens da técnica de osseodensificagao que utiliza fresas,
principalmente quando utilizadas em 0sso esponjoso, como o arco anterior e posterior
da maxila, entretanto ha poucos dados sobre sua utilizacdo e sucesso em 0ssos mais
densos, como os encontrados em regido anterior de mandibula (Padhye; Padhye;
Bhatavadekar, 2020).

1.5 Temperatura do Leito

O superaquecimento pode comprometer a estabilidade primaria do implante e
€ constantemente mencionado como fator de risco para a necrose 6ssea, resultando
em um tecido fibroso presente na interface implante-osso, comprometendo o
prognéstico a longo prazo (Tehemar, 1999). As altas temperaturas (ou
superaquecimento) alcangados durante a preparagcdo do leito cirurgico para a
colocagao de implantes é constantemente mencionada como um dos fatores de risco
para a ocorréncia de necrose 6ssea, que pode comprometer a osseointegragdo. Uma
lesdo causada por um superaquecimento pode resultar na interposi¢cao de um tecido
fibroso entre 0 0sso e o implante, comprometendo o sucesso da terapia (Reingewirtz;
Szmukler; Senger, 1997).

Mudancas de temperatura ocorridas durante as preparagoes dos leitos
cirurgicos para implantes dentarios podem ter efeitos significativos para o sucesso do
procedimento, sendo crucial uma otimizagcao dos parametros de perfuragao e do uso

de irrigacdo para minimizar as mudangas de temperatura e reduzir os riscos de
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complicagbes (Soldatos et al., 2024). Huwais e Meyer (2017) ressaltam que é
necessario a irrigagao abundante e constante durante o uso das fresas densificadoras,
a fim de evitar o aumento da temperatura e consequente necrose dos osteoblastos
vizinhos a regido do implante dentario. De Oliveira et al. (2025) afirmaram que a
temperatura limite para lesdo do tecido 6sseo induzida pelo calor esta na faixa de
44°C — 47°C, aplicada por 1 minuto, medida a uma distancia de aproximadamente

0,5mm do implante.

1.6 Justificativa

Por ser uma técnica recente, estudos cientificos ainda s&o necessarios para
compreender a osseodensificacdo nas diferentes situagdes, assim como comprovar a
sua real efetividade nos diversos eventos clinicos. Além disso, ha o surgimento de
novos Kits para osseodensificacdo, inclusive produtos de origem brasileira, que
requerem comprovagao cientifica dos seus resultados, para permitir um uso seguro
por parte dos dentistas e fornecer um tratamento esperado e com beneficios ao

paciente.

2 OBJETIVOS

2.1 Objetivos gerais

Comparar, em ambiente laboratorial, as técnicas convencional e de
osseodensificacdo para preparacdo dos leitos 6sseos para instalacdo de implantes

dentarios.

2.2 Objetivos especificos

» Comparar os valores de torque de insercdo de implantes dentarios, em leitos
0sseos preparados pelas técnicas convencional e de osseodensificacao.

» Comparar os valores de torque de remoc¢ao de implantes dentarios, em leitos
Osseos preparados pelas técnicas convencional e de osseodensificagcao.

» Comparar a técnica convencional e por osseodensificagdo em relagao ao
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coeficiente de estabilidade dos implantes, mensurado através da analise da
frequéncia de ressonancia.

» Avaliar e comparar as variacbes de temperatura no tecido ésseo durante a
preparagdo do leito cirurgico, pelas técnicas convencional e de
osseodensificagdo para preparagao dos leitos para instalagdo de implantes
dentarios.

» Qualificar alteragdes estruturais no tecido 6sseo apos as técnicas convencional
e de osseodensificagao, através de microscopia eletrbnica de varredura.

» Comparar um novo kit nacional de fresas para a osseodensificagdo com o kit
referéncia para a técnica.

» Quantificar alteragdes estruturais nas fresas de diferentes kits para a
osseodensificagao através de pesagem em balancga analitica.

» Qualificar alteragdes estruturais nas fresas de diferentes kits para a

osseodensificagao através de microscopia eletronica de varredura.

3 METODOLOGIA EXPANDIDA

3.1 Procedimento pré — laboratoriais, laboratoriais e preparo das amostras

As amostras de costela bovina foram adquiridas de um frigorifico parceiro
privado da cidade de Jaboticatubas, Minas Gerais, e foram armazenadas em
recipientes térmicos, mantidos a uma temperatura entre -18 e -20°C, para preservar a
integridade e caracteristicas do tecido.

Devido a natureza e objetivos da pesquisa ndo foi necessario a analise e
aprovacdo pelo Comité de Etica no uso de animais em Pesquisa da Universidade
Federal de Minas Gerais (CEUA), conforme a Lei n® 11.794/2008, que regulamenta
procedimentos para o uso cientifico de animais.

As costelas bovinas foram limpas, tendo todo o tecido mole retirado e foram
preparadas com medidas aproximadas de 50mm (comprimento) x 12mm (largura) x
30mm (altura) (Francescato et al., 2025) (FIGURA 1).

Através de inspegéao visual, foram separadas as amostras 0sseas de costela
bovina que apresentaram superficie cortical com 1mm de espessura, e caracteristicas

medulares semelhantes ao do tecido 6sseo tipo IV.
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Figura 1 — Costelas bovinas com suas respectivas medidas

A

Legenda: a) Altura da costela em milimetros; b) Largura da costela em milimetros

Fonte: Elaborada pela autora, 2025

As amostras foram colocadas para degelo por um periodo de 05 horas a
temperatura ambiente. Os blocos 6sseos foram fixados em uma morsa de bancada

para evitar movimentagao durante os testes (Francescato et al., 2025) (FIGURA 2).

Figura 2 — Blocos 6sseos fixados em morsa de bancada

e A

Fonte: Elaborada pela autora, 2025

3.2 Calculo amostral

Com o objetivo de se verificar o numero de amostras a serem incluidos na
pesquisa, foi realizado o calculo amostral, através de uma equacgao para determinar o

valor de n em estudos comparando 2 médias. Para tal, foi utilizado a versdo 3.01 do
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software “Estatisticas epidemiolégicas de cddigo aberto para a Saude Publica -
OpenEpi”.

Como referéncia para os valores esperados de desvio padrao e a diferenca
minima entre 2 meédias, o estudo de Barbera-Millan et al. (2021) foi utilizado, uma vez
que apresenta metodologia e objetivos semelhantes a este estudo. O torque médio de
insercao dos implantes apresentado pelos pesquisadores utilizados como referéncia
em seu estudo foi de 8,87+6,17 Ncm no grupo controle e 21,72+17,14 Ncm no grupo
teste. Um critério de significancia de 0,05 e poder estatistico de 0,80 foram adotados.

Foi determinada a quantidade minima de 16 amostras por grupo, para avaliar

as hipoteses do estudo

3.3 Estudo piloto

O estudo piloto teve por objetivo a avaliagado do método escolhido. Esse estudo
foi realizado em amostras obtidas por meio privado, que nao fizeram parte do estudo
principal, e contaram com 25% do total da amostra.

Durante a realizagao do estudo piloto, foi realizado o treinamento e a calibragéo
do pesquisador responsavel pela condug¢ao do experimento.

Apos a avaliagao dos resultados desta primeira etapa, foram avaliados os

meétodos para coleta de dados e feitas as adaptacdes necessarias.

3.4 Preparagao dos leitos

As preparagdes dos leitos foram realizadas pelo pesquisador examinador,
treinado e calibrado. Em cada bloco dsseo foi realizado um preparo de leito para cada
grupo, garantindo o pareamento da amostra, devido a semelhanca anatdmica e de
densidade éssea entre os grupos experimentais.

A preparagao dos leitos dos implantes seguiu os protocolos dos fabricantes,
utilizando um contra-angulo redutor 20:1 (NSK Smax-SG20, Japao) acoplado ao
micromotor elétrico cirurgico com rotagées por minuto (rpm) e torque podendo ser
ajustados. Todos os grupos utilizaram o implante Biomorse® 4x10mm (Bio Implante,
Bauru).

Para o grupo controle/convencional (G1) foi utilizado o protocolo da marca do

implante, e a fresagem ocorreu no sentido horario, com sequéncia de fresagem e
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didmetro das fresas: fresa tipo langa 1,8mm, fresa helicoidal 2,2mm, fresa cOnica
2,8mm, fresa cbnica 3,2mm, fresa cbnica 3,6mm. O grupo teste G2 (VS) utilizou o
protocolo das fresas Densah® (Versah), a preparagao do leito em sentido anti-horario
e com movimento de bombeamento oscilante, que consiste em um movimento
oscilante da fresa para dentro e para fora da osteotomia, induzindo uma leve pressao
ao osso. (Huwais; Meyer, 2017). Segundo o fabricante, em ossos tipos IV o didmetro
final da preparacao da osteotomia deve ser preparado com uma fresa Densah® de
diametro médio com medida 0,5-0,7mm menor do que o didmetro médio do implante.
A sequéncia de fresas utilizadas foi: fresa VPLTT (fresa piloto, apenas esta em sentido
horario), fresa VT1828 e fresa VT2838. O grupo teste G3 (WF) utilizou o protocolo das
fresas Bone Reamer Drills® (WF), a preparagédo do leito ocorreu em sentido anti-
horario e com movimento de bombeamento oscilante. A sequéncia de fresagem foi:
fresa langa helicoidal 1,8mm (fresa piloto, apenas esta em sentido horario), fresa BRD
2,2mm, fresa BRD 2,6mm, fresa BRD 3,0mm fresa BRD 3,4mm (FIGURA 3).

Figura 3 — Preparacgéo dos leitos para cada grupo

Legenda: a) Preparagéo do leito com as fresas do grupo 1; b) Preparagéao do leito com as
fresas do grupo 2; ¢) Preparagao do leito com as fresas do grupo 3.
Fonte: Elaborada pela autora, 2025

Em todos os grupos utilizou-se a velocidade de 1000 rpm — velocidade
compativel com a faixa de velocidade preconizada pelos fabricantes das fresas
utilizadas dos trés grupos. Todas as perfuragbes foram realizadas sob irrigagédo com
solucéo salina (cloreto de sodio 0,9%) com temperatura entre 4°C e 6°C, realizada
por meio do sistema de irrigagao integrado ao motor cirurgico, com fluxo direcionado

para o corpo da fresa.

3.5 Teste de Temperatura
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As medigdes foram realizadas pelo pesquisador examinador, treinado e
calibrado.

A geragao de calor foi medida durante todas as perfuragdes referentes aos
procedimentos de preparo da osteotomia com o uso de um termopar. A técnica do
termopar € um método direto que utiliza uma sonda sensivel ao calor, conectada a
termdmetros e/ou software de computadores (Laurito et al., 2010). A técnica para o
isolamento da sonda, a profundidade do registro, o material do sensor e outros fatores
podem influenciar em seus resultados (Laurito et al., 2010). O termopar ira registrar a
temperatura local, ndo detectando o perfil térmico geral e o vazamento de calor
(Laurito et al., 2010).

A sonda do termopar foi inserida no osso a aproximadamente 1mm de
distancia da borda do diametro final da osteotomia, segundo Huwais, Meyer (2017)
(FIGURA 4).

Figura 4 — Localizacdo da sonda do termopar durante a preparacéo dos leitos para cada

grupo

Fonte: Elaborada pela autora, 2025

Para obtencao dessa distancia, foram realizados calculos individualizados em
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cada amostra. A altura adotada para a perfuragao foi de 5mm — o que corresponde a
metade da altura do implante utilizado -, medida a partir do ponto da perfuragao do
implante na crista éssea. Para a largura, o valor adotado foi correspondente a metade
da largura total da amostra 6ssea, subtraindo-se 3mm, sendo estes 2 mm referentes
a metade do diametro do implante utilizado e 1Tmm referente a distancia final da sonda
do termopar. Foram registradas as temperaturas maximas durante o uso de cada
fresa. Foram realizadas radiografias para verificar a posi¢ao da ponta da sonda do
termopar (FIGURA 5). Todas as perfuragbes para a sonda do termopar foram
realizadas com as fresas tipo lanca e fresa helicoidal 2,2mm do kit cirdrgico do

implante Biomorse® (Bio Implante, Bauru).

Figura 5 — Radiografia demonstrado a localizagdo da sonda do termopar a aproximadamente

1mm de distancia da borda final da osteotomia

Fonte: Elaborada pela autora, 2025

3.6 Ensaios de torque de insercéo e remogao

As medicdes foram realizadas pelo pesquisador examinador, treinado e
calibrado.

O torque na insercao dos implantes foi registrado durante sua instalacdo no
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leito preparado. Apos as perfuragdes, nos trés grupos os implantes foram inseridos
manualmente nos leitos, utilizando um torquimetro manual (Bio Implante, Bauru)

(FIGURA 6) até a distancia de 1mm da sua posicéao final do osso.

Figura 6 — Inser¢do dos implantes manualmente nos leitos, com o uso de um torquimetro

manual.

Fonte: Elaborada pela autora, 2025

Apods, uma chave digital de insergao foi acoplada a um torquimetro digital
calibrado de alta precisédo (Lutron TQ- 8800, Taipei, Taiwan) tendo o torque da
insergéo aferido quando este atingir seu posicionamento final. (FIGURA 7) Para
analise estatistica, o valor maximo registrado durante o torque de insergéao foi
considerado.

O torque de remocéo foi registrado de maneira continua, sendo considerado o
maior valor necessario para que ocorra o desenroscamento do implante do osso.

Os valores dos torques foram registrados pelo torquimetro digital Lutron
TQ8800 (Lutron TQ- 8800, Taipei, Taiwan), com precisdo de 0,1 Newton centimetro
(Ncm) acoplado em um computador. Os dados registrados foram transferidos para

uma tabela e foram analisados.
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Figura 7— Insergéo dos implantes nos leitos, com o uso de um torquimetro digital.

Fonte: Elaborada pela autora, 2025

3.7 Analise da Frequéncia de ressonancia (AFR)

As medicdes foram realizadas pelo pesquisador examinador, treinado e
calibrado para o uso do sistema Osstell ISQ.

Foi utilizado um transdutor SmartPeg tipo 01 (Osstell®, Goteborg, Suécia) em
cada implante, realizando quatro medi¢des, uma em cada face, resultando em um
total de quatro registros para cada implante. As medigdes foram realizadas
consecutivamente, seguindo a ordem das faces Distal, Vestibular, Mesial e Lingual de
cada implante. Com o uso do Osstell®, foi realizada a medicao dos valores de I1SQ
dos implantes, que se iniciou pelo grupo G1, prosseguindo sequencialmente aos
grupos G2 e G3 (FIGURA 8).

Para o registro, o transdutor SmartPeg tipo 01 foi parafusado diretamente sobre
o implante, sendo realizado conforme sugestdo do fabricante. O registro foi obtido
através da seguinte forma:

- Utilizagdo de SmartPeg ou transdutor especifico para o implante 4.0,

Biomorse®, Bio Implante;
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- Aperto manual do transdutor 5-8 Ncm com chave de fenda plastica especifica;
- Colocagao da sonda do Osstell ISQ a aproximadamente 2 mm do SmartPeg
num angulo de 45° relativamente ao maior eixo do implante.

Os dados foram registrados, transferidos para uma tabela e analisados.

Figura 8 — Realizagéo da analise da frequéncia de ressonancia dos implantes

Fonte: Elaborada pela autora, 2025

3.8 Microscopia Eletronica de Varredura (MEV)

O escaneamento das superficies das fresas e das amostras Osseas foi
realizado através de microscopia eletronica de varredura (MEV). Esta abordagem
permitiu avaliar com imagens de alta resolugao quaisquer alteragdes estruturais, como
desgastes nas fresas, e trincas, rachaduras ou gaps, além da qualidade da
compactagao 6ssea na area onde ocorreria a osseointegragao.

As amostras das fresas foram submetidas a MEV nos momentos antes e apos
as perfuragdes. As fresas foram limpas com alcool isopropilico (99,8%) apos a
realizacao das perfuragdes, € nao foram necessarios realizar nenhum tipo de preparo
nas amostras das fresas.

As amostras 6sseas foram submetidas a MEV apds a remogao dos implantes
dos leitos 6sseos. As amostras foram seccionadas com o uso de uma serra de
precisao com um disco diamantado, limpas, fixadas, desidratadas, montada em

suporte especifico e metalizadas, conforme preparo preconizado pelo Centro de
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Microscopia da Universidade Federal de Minas Gerais (CM-UFMG).

Todos os testes de MEV foram realizados no CM-UFMG, utilizando o
Microscépio Eletronico de Varredura (FEI Quanta 200 FEG, FEI COMPANY, Oregon,
EUA), com aumentos de 40x, 100x, 500x e 1000x.

Foi realizada uma analise comparativa e qualitativa das diferencas superficiais
entre as duas fresas (Versah e WF), e dos seus desgastes e do leito cirurgico apos a

remocgao dos implantes.

3.9 Pesagem das fresas

As fresas dos grupos G2 e G3 foram submetidas a pesagem em balanga
analitica (Marte® AL500, S&o Paulo, Brasil) com precisdo de 0,001g (1mg),
expressando os valores em gramas (g) (FIGURA 9). As amostras das fresas foram
submetidas a pesagem antes das perfuracdes e apods as perfuragdes. As fresas foram

limpas com alcool isopropilico (99,8%) apds a realizagéo das perfuragdes.

Figura 9 — Balanga analitica

Fonte: Elaborada pela autora, 2025

3.10 Analise estatistica

Para os testes de torque de insercéo e remocao, coeficiente de estabilidade do

implante e temperatura maxima, foram realizadas a anélise descritiva para obtencgao
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da média e desvio padrao e teste de normalidade de Shapiro-Wilk. Aplicou-se o teste
ANOVA de medidas repetidas por se tratar de amostras independentes com
distribuicdo paramétrica seguido de post-hoc de Bonferroni. Foi adotado nivel de
significancia de 5% (p< 0,05). As analises foram feitas pelo programa Statistical
Package for Social Sciences versao 26 (IBM SPSS, Armonk, NY: IBM Corp).

Para a analise da variagdo dos pesos das fresas, foram realizadas a analise
descritiva para a obtencdo da média e desvio padrdo e teste de normalidade de
Shapiro-Wilk e aplicou-se o teste t para amostras pareadas Foi adotado nivel de
significancia de 5% (p<0,05). As analises foram realizadas pelo programa Statiscal
Package for Social Sciences versao 21 (IBM SPSS, Armonk, NY: IBM Corp).

4 ARTIGO

O artigo abaixo se encontra conforme as normas de formatagdo da revista

Clinical Implant Dentistry and Related Research para a qual ele foi submetido (Anexo
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Abstract:

Introduction: Osseodensification is a technique for compacting bone microparticles,
generated in the surgical drilling protocol in the alveolar bone wall. The immediate
contact of the implant with the compacted microparticles favors more efficient
osseointegration due to the nucleation of osteoblasts in this region which is associated
with increased primary stability as a result of the physical interlocking. The objective of
this study is to compare conventional and osseodensification with burs techniques
based on insertion and removal torque values, stability coefficient, maximum
temperature and structural changes; in addition to assessing the performance of
osseodensification associated with two different bur systems - the widely used
reference kit (Densah®/Versah) and kit (Bone Reamer Drills®/\WF).

Methods: The study was carried out on 16 bovine ribs. The bovine ribs were
cleaned, the soft tissue removed and samples with approximate measurements of 50
mm x 12 mm x 30 mm were prepared. Three osteotomies were performed on each
bone block using different techniques for dental implants, divided into three groups
according to the technique and drilling bur: G1 - control group using the conventional
technique; G2 - group using Densah®/Versah (VS) densification burs and G3 - group
using Bone Reamer Drills® WF densification burs. In all tests, the protocol
recommended by the manufacturer was followed. All osteotomies were performed
with saline solution (0.9% sodium chloride) at a temperature between 4°C and 6°C
using the system integrated into the surgical motor with flow directed to the body of
the burr. Heat generation was measured during osteotomy using a thermocouple;
torque values were measured at the end of insertion and upon removal of the implant
from the surgical site; ISQ was obtained after implant insertion by positioning the
Osstell ISQ probe approximately 2 mm from the SmartPeg at a 45° angle to the main
axis of the implant. The reamers were weighed before and after drilling. The reamer
samples were subjected to SEM before and after drilling. The bone samples were
subjected to SEM after removal of the implants from the bone beds.

Results: The osseodensification techniques resulted in increased insertion and
removal torque levels, in addition to advanced structural changes in the bone bed, but
there was no increase in ISQ values or maximum temperature when compared to the
conventional technique. Furthermore, despite the differences in the manufacturing
processes between the two kits evaluated, there was no loss of mass after use.
Conclusion: Bone instrumentation with both osseodensification kits resulted in higher
insertion and removal torque levels when compared to conventional bone
instrumentation in type IV bone. There were no significant differences between the
three groups analyzed in relation to temperature.

Keywords: torque; dental implants; immediate dental implant loading; biomechanics.

Main body:
1 INTRODUCTION

The clinical success of implant therapy is multifactorial and one of the most
relevant principles involves achieving adequate primary stability, which may vary
according to the patient's oral biological conditions [1,2]. Achieving primary stability
relates to atraumatic surgical tissue preparation, which aims to a better healing
response, avoiding trans- and postoperative complications, such as pain, edema,

hemorrhage and early implant loss [3-7]. Acknowledging the importance of surgical
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steps, several researchers have been improving bone site preparation techniques, with
recent attention to the osseodensification technique, looking forward to develop a
condensed autograft around the implant [3,8].

Osseodensification is a technique for compacting bone microparticles,
generated in the surgical drilling protocol in the alveolar bone wall [9]. The immediate
contact of the implant with the compacted microparticles favors more efficient
osseointegration due to the nucleation of osteoblasts in this region which is associated
with increased primary stability as a result of the physical interlocking [3]. Densifying
burs have demonstrated ability to drill the bone mineral tissue to the depth of the
intended osteotomy when used in a clockwise cutting direction, as well as promoting
the densification of the recipient alveolus, if worked in a counterclockwise direction
[10,11].

Different systems present specific standards that guide the implantologist in the
surgical and rehabilitation procedure [12]. The conventional technique for preparing
the implant site differs according to bone availability, macrogeometry and the implant
system chosen for rehabilitation [13]. Contrary to the osseodensification technique that
establishes the surgical bed without excavation, the conventional technique uses burs
with varying diameters to promote controlled and specific surgical access for each type
of dental implant [12,13].

As a center of excellence in the dental science field, the Brazilian market
develops burs for the osseodensification technique that still requires mechanical-
physical investigations to allow their recommendation in Implantology, allowing the
safe execution of drilling protocols with predictable and satisfactory results for patients
[14]. Thus, it is necessary to establish if these new materials can offer competitiveness
to the conventional technique based on their in vitro behavior. In this scenario, the
objective of this study is to compare conventional and osseodensification with burs
techniques based on insertion and removal torque values, stability coefficient,
maximum temperature and structural changes; in addition to assessing the
performance of osseodensification associated with two different bur systems - the
widely used reference kit (Densah®/Versah) and a Brazilian-made kit (Bone Reamer
Drills®WF). The null hypothesis is that there is no difference between the results of

the conventional evaluation techniques and osseodensification with burs.

2 MATERIALS AND METHODS
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2.1 Sample selection and preparation

Bovine ribs bones were purchased from a local slaughterhouse and stored in
thermal containers between -18 and -20°C to preserve the integrity and characteristics
of the tissue [15].

The animals were not used exclusively for this study and the bones were
obtained from discarded waste material. Since the bovine ribs were obtained post-
slaughter from the local food market, the study was not submitted to the animal ethics
committee [16].

The bovine ribs were cleaned, the soft tissue removed and samples with
approximate measurements of 50 mm (length) x 12 mm (width) x 30 mm (height) were
prepared [15]. The bone blocks were placed to thaw for a period of 05 hours at room
temperature and were subsequently fixed in a bench vise to prevent movement during
the tests [15].

2.2 Sample calculation

The OpenEpi v. 3.01 software was used to determine the value of n in studies
comparing 2 means. A confidence level of 0.05 and statistical power of 0.80 were
adopted. To evaluate the null hypothesis of this study, the minimum number of samples
per group was determined to be 16, which was based on the similar methodology and
objectives by Barbera-Millan et al. (2021) [17].

2.3 Osteotomy site preparation

The preparations of the beds were performed by the trained and calibrated
examining researcher and followed the manufacturers' protocols, using a 20:1
reduction contra-angle (NSK Smax-SG20, Japan) coupled to the surgical electric
micromotor with adjustable rotations per minute (rpm) and torque. Biomorse® 4x10mm
implants (Bio Implante, Bauru) were installed in all groups with similar surface
treatments and shapes.

The study was carried out on 16 bovine ribs. Three osteotomies were performed
on each bone block using different techniques for dental implants, divided into three
groups according to the technique and drilling bur: G1 - control group using the

conventional technique; G2 - group using Densah®/Versah (VS) densification burs and
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G3 - group using Bone Reamer Drills®/WF densification burs. In all tests, the protocol
recommended by the manufacturer was followed.

For the control/conventional group (G1), osteotomy occurred in a clockwise
direction in the following sequence and diameter of burs: 1.8 mm spear-type, 2.2 mm
helical, 2.8 mm conical, 3.2 mm conical and 3.6 mm conical. In the test group G2 (VS),
the bed preparation was performed in a counterclockwise direction with an oscillating
pumping movement, consisted on an oscillating movement of the bur in and out of the
osteotomy, inducing slight pressure to the bone [17]. According to the manufacturer,
in type IV bones, the final diameter of the osteotomy preparation should be performed
with a Densah® bur with an average diameter 0.5-0.7 mm smaller than the average
diameter of the implant. The VPLTT (pilot bur, only this one in a clockwise direction),
VT1828 and VT2838 burs were used in sequence. In the G3 (WF) test group, the
surgical site was prepared in counterclockwise direction with an oscillating
bombardment movement. The surgical drilling sequence was: helical lance 1.8 mm
(pilot bur, only this one in a clockwise direction), BRD 2.2 mm, BRD 2.6 mm, BRD 3.0
mm and BRD 3.4 mm.

In all groups, following the speed range recommended by the manufacturers,
the speed of 1000 rpm was used. All osteotomies were performed with saline solution
(0.9% sodium chloride) at a temperature between 4°C and 6°C using the system
integrated into the surgical motor with flow directed to the body of the burr. All the
surgical procedures and tests were performed by a trained and calibrated researcher,

and the recorded data were transferred to a table for analysis.

2.4 Temperature test

Heat generation was measured during osteotomy using a thermocouple, which
is a direct method using a heat-sensitive probe connected to thermometers and/or
computer software [18]. The probe insulation, recorded depth, sensor material and
other technical factors may influence its results [18]. The thermocouple records the
local temperature, not detecting the overall thermal profile and heat leakage [18].

The thermocouple probe was inserted into the bone approximately 1mm from
the edge of the final diameter of the osteotomy [10] (FIGURE 1). To provide this
distance, individual calculations were performed for each sample. The drilling depth

was standardized at 5mm — which corresponds to half the height of the implant used —
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obtained from the point of drilling of the implant on the bone crest. For the width, the
value adopted was half the total width of the bone sample minus 3mm, which 2mm
corresponds to half the diameter of the implant used and 1 mm refers to the final
distance of the thermocouple probe. All drillings for the thermocouple probe were
performed with 2.2mm lance-type and helical drills from the Biomorse® implant
surgical kit (Bio Implante, Bauru).

Radiographs were acquired to assess the position of the thermocouple probe
tip (FIGURE 2) and the maximum temperatures during use of each bur were recorded.

Figure 1 - Location of the thermocouple probe during osteotomy for each group



33

Figure 2 - Radiograph highlighting the location of the thermocouple probe approximately 1mm
away from the final edge of the osteotomy

2.5 Insertion and removal torque tests

The torque during implants insertion was recorded during their installation in the
surgical site. All the torque values were recorded by a Lutron TQ8800 digital torque
meter (Lutron TQ-8800, Taipei, Taiwan), with an accuracy of 0.1 Newton centimeters

(Ncm) coupled to a computer.

After drilling, the three groups of implants were manually inserted into the beds
using a manual torque wrench (Bio Implante, Bauru) to a distance of 1mm from their
final position in the bone. Afterwards, a digital insertion wrench was attached to a high-
precision calibrated digital torque wrench (Lutron TQ-8800, Taipei, Taiwan) and the
insertion torque was measured when it reached its final position. For statistical
analysis, the maximum insertion torque value was considered as the insertion torque.
The removal torque was recorded continuously, being considered the highest value

necessary for the implant to unscrew from the bone block.
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2.6 Resonance Frequency Analysis (RFA)

A SmartPeg type 01 transducer (Osstell®, Goéteborg, Sweden) was used on
each implant, performing four measurements, one on each face, resulting in a total of
four records for each implant. The measurements were performed consecutively,
following the order of the Distal, Vestibular, Mesial and Lingual faces of each implant.
Using the Osstell®, the Implant Stability Quotient (ISQ) values of the implants were
measured in all groups (FIGURE 3).

Figure 3 - Measurement of the resonance frequency of the implants

For recording, the transducer was screwed directly onto the implant, with a
torque of 5-8 N using a specific plastic screwdriver as specified by the manufacturer's
instructions. The recording was obtained by placing the Osstell ISQ probe
approximately 2mm from the SmartPeg at an angle of 45° relative to the largest axis

of the implant.
2.7 Scanning Electron Microscopy (SEM)

The scanning of the surfaces of the burs and bone samples was performed
using scanning electron microscopy. This approach allowed the evaluation of any
structural changes such as wear on the cutters, and cracks, splits or gaps, in addition

to the quality of bone compaction in the area where osseointegration would occur.
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The burs samples were subjected to SEM before and after drilling. The burs
were cleaned with isopropyl alcohol (99.8%) after drilling and no preparation was

necessary.

The bone samples were subjected to SEM after removal of the implants from
the bone beds. The samples were sectioned using a precision saw with a diamond
disk, cleaned, fixed, dehydrated, mounted on a specific support and metallized,
according to the preparation recommended by the Microscopy Center of the Federal
University of Minas Gerais (CM-UFMG).

All SEM tests were performed by CM-UFMG using a Scanning Electron
Microscope (FEI Quanta 200 FEG, FEI COMPANY, Oregon, USA) with magnifications
of 40x, 100x, 500x and 1000x. The surface differences between the two burs (Versah
and WF), their wear and the surgical bed after removal of the implant were

comparative and qualitative assessed.
2.8 Weight loss measurement for the osseodensification technique burs

The milling burs of groups G2 and G3 were weighed on an analytical balance
(Marte® AL500, Sao Paulo, Brazil) with an accuracy of 0.001 g (1mg). The milling burs
samples were weighed before and after drilling and were cleaned with isopropyl

alcohol of 99.8% purity after drilling.
3 STATISTICAL ANALYSIS

For insertion and removal torque tests, implant stability coefficient and maximum
temperature, descriptive analysis was performed to obtain the mean and standard
deviation, as well as the Shapiro-Wilk normality test. The repeated measures ANOVA
test was applied due to the independent samples with parametric distribution, followed
by Bonferroni post-hoc. A significance level of 5% (p<0.05) was adopted. To analyze
the variation in the weights of the cutters, descriptive analysis was performed to obtain
the mean and standard deviation. The Shapiro-Wilk normality test and the t-test for
paired samples were applied. A significance level of 5% (p<0.05) was adopted. All
assessments were performed using the Statistical Package for Social Sciences version
21 (IBM SPSS, Armonk, NY: IBM Corp).

4 RESULTS
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4.1 Insertion torque, removal torque, implant stability coefficient and maximum

temperature

There were statistically significant differences between the mean insertion
torques among the conventional, VS and WF groups (p = 0.007). Groups 2 and 3
presented higher mean insertion torque values when compared to group 1, with values
of 77.62 Ncm (+/-31.6); 95.25 Ncm (+/-45.8) and 61.25 Ncm (+/- 29.6) respectively. In
the intergroup analysis, statistically significant differences were identified between the
conventional x VS (p =0.018); conventional x WF (p =0.004) and WF x VS (p =0.016)
groups. There was a statistically significant difference in the analysis of the removal
torque when comparing the conventional, VS and WF groups (p = 0.008). Groups 2
and 3 presented higher mean removal torque value when compared to group 1, with
values of 69.62 Ncm (+/- 35.6); 89.62 Ncm (+/- 48.4) and 58.18 Ncm (+/- 32.7)
respectively. In the intergroup analysis, statistically significant differences were
identified between the conventional x VS (p = 0.043); conventional x WF (p = 0.001)
and WF x VS (p = 0.009) groups (Table 01).

There is no statistically significant relationship between the stability coefficients
recorded in the conventional, VS and WF groups (p = 0.157). The mean resonance
frequency values for the conventional group were ISQ = 79.42 (+/- 6.81); VS I1SQ =
82.40 (+/- 4.03) and WF 1SQ = 80.68 (+/- 5.00) (Table 02).

The mean maximum temperatures of the conventional group were 27.81°C (+/-
2.94); 30.62°C (+/-4.61) in the VS group and 28.37°C (+/- 2.68) in the WF group (Table
03). There was no statistically significant difference between the maximum

temperature for the three groups (p = 0.087).

Table 01 - results of the insertion torque and removal torque tests.

Conventional VS WF

Mean (SD) Mean Mean p Post-hoc
(SD) (SD)
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Insertion torque 61,25 (29,6) 77,62 95,25 0,007 Conv. xVS: 0,018

(31,6) (45,8)
Conv. x WF: 0,004

WF x VS: 0,016

Removal torque 58,18 (32,7) 69,62 89,62 0,008 Conv. xVS: 0,043

(35,6) (48,4)
Conv. x WF: 0,001

WF x VS: 0,009

Table 02 — Comparison of implant stability coefficient (ISQ)

Conventional VS WF

Mean (SD) Mean (SD) Mean (SD) p
Implant stability 79,42 (6,81) 82,40 80,68 0,157
coefficient (1ISQ) (4,03) (5,00)

Table 03 — Comparison of maximum temperature (°C) obtained during bed preparation

Conventional VS WF

Mean (SD) Mean (SD) Mean (SD) p
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Maximum 27,81 (2,94) 30,62 28,37 0,087
temperature (°C) (4,61) (2,68)

4.2 Comparison of the weights of Densah® (Versah) and Bone Reamer Drills®

(WF) burs before and after drilling the surgical beds

There were no statistically significant differences between the mean values of
the weights of the burs of groups G2 (Densah®, Versah) (p = 0.667) and G3 (Bone
Reamer Drills®, WF) (p = 0.208) before and after drilling. The mean values of the
weight of the burs were 0.333 mg (+/- 1.155 mg) for Densah® burs; and 0.600 mg (+/-
0.894 mg) for Bone Reamer Dirills® burs (Table 04).

Table 04 - Comparison of weight (mg) of Densah® (VS) and Bone Reamer
Drills® (WF) burs

Weight (mg)
Mean (SD) Mean (SD) p
VS 0,333 (1,155) 0,600 0,667
(0,894)
WF 69,62 (35,6) 89,62 (48,4) 0,208

4.3 Scanning Electron Microscopy — SEM
4.3.1 Comparison between Densah® (Versah) and Bone Reamer Drills® (WF)

Images of the initial (pilot) burs and the last burs recommended by the
manufacturers of each system were obtained before and after drilling, which provided
a comparison of the structural changes in the drills throughout the experiment. It was
not possible to compare the wear on all the cutting surfaces of the drills because only
one cutting surface of each cutter was obtained and randomly chosen according to the
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orientation of the drill in relation to the electron beam of the SEM. However, it was
possible to determine that none of the drills presented gross deformation on their

visible surface at any stage of the experiment.

The last Densah® drill (VT2838) showed slight structural loss at 500X and
1000X magnifications in the interface region between the active tip and the body
(regions shown by arrows) (Figure 4). The structural difference between the active tip

and the body suggests surface treatment on the active tip of the drill.

Figure 4 - Scanning electron microscopy of the interface region between the active tip and
the body of the VT2838 milling cutter | Images with magnifications of 500x and 1000x,
respectively. a) Images obtained before bed preparation; b) Images obtained after bed
preparation. Note a slight structural loss in the regions of the arrows.

The pilot (helical lance 1.8) (Figure 5) and final (BRD 3.4mm) (Figure 6) Bone
Reamer Dirills® (WF) drills presented moisture along their active tip visible to the SEM
before and after the experiment, suggesting areas of wear or possible plastic
deformation. The WF kit drills showed the most extensive wear when compared to the

Densah® drills with uniform wear after use.

The magnification of the drills under SEM showed that there are differences in
the manufacturing process between the two instruments. The Densah® VPLTT and

VT2838 drills presented smooth surfaces, especially on their active tip, suggeting
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coating or surface treatment on these drills (Figure 7).

Figure 5 - Scanning electron microscopy of the initial reamer of the Bone Reamer Drills®
(WF) system | Images with magnification of 100x, 500x and 1000x respectively. a) Images
obtained before bed preparations; b) Images obtained after bed preparations. Note slight
visible wear, with areas of deformation observed at their active tips.
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Figure 6 — Scanning electron microscopy of the end mill of the Bone Reamer Drills® (WF)
system | : Images with magnification of 100x, 500x and 1000x respectively. a) Images
obtained before bed preparations; b) Images obtained after bed preparations. Note slight
visible wear, with areas of deformation observed at their active tips.

Densah — Piloto

Densah — 2838

Figure 7 — Scanning electron microscopy of the surface of Densah® VPLTT and VT2838
cutters | Images with magnification 40x, 100x, 500x and 1000x respectively. a) images of the
surface of the VPLTT pilot milling cutter. b) images of the surface of the VT2838 final milling

cutter.

The Bone Reamer Dirills® pilot and final drills (1.8mm helical lance and 3,4mm
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BRD, respectively) presented drilling lines across their entire explored surface (Figure

8), which denotes a different manufacturing method than Densah® drills.

Bone Reamer Drills® piloto

Bone Reamer Drills® 3.4

Figure 8 - Scanning electron microscopy of the surface of Bone Reamer Dirills® helical
1.8mm and 3.4mm | Images with magnification 40x, 100x, 500x and 1000x respectively. a)
images of the surface of the 1.8mm pilot milling cutter. b) images of the surface of the 3.4mm
BRD final milling cutter.

4.3.2 Comparison between conventional Biomorse® (Bio Implant) X Densah®

(Versah) x Bone Reamer Drills® (WF) surgical sites

Scanning electron microscopy revealed images of the surgical beds of the three
groups (G1, G2 and G3) after removal of the implants in the same bovine rib sample
(Figure 9) allowing comparison of the structural changes that occurred in the bone
throughout the experiment. The occurrence of superficial structural changes in bone
tissue associated with the different techniques used was observed. G2 presented
greater propagation of cracks (arrow regions) (Figure 10). Furthermore, it was
identified in groups G2 and G3 the presence of a compacted bone layer that would
correspond to the bone-implant interface. As for G1, it was not possible to observe the

presence of this layer (arrow region) (Figure 11).
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Figure 9 - Scanning electron microscopy of the surgical beds of the three groups after
implant removal | Images magnified at a) 12x and b) 30x

A B C

Figure 10 — Scanning electron microscopy of the beds of groups G1, G2 and G3 | a)
conventional group (G1). b) Versah group (G2). ¢) WF group (G3). Image at 100x
magnification. Note the crack areas shown by the arrows.



44

Figure 11 — Scanning electron microscopy of the beds of groups G1, G2 and G3 | Images
with 100x magnification. Note that there is an absence of a bone layer over the region shown
by the arrows in G1, while in groups G2 and G3 there is the presence of this bone layer.

5 DISCUSSION

The osseodensification techniques resulted in increased insertion and removal
torque levels, in addition to advanced structural changes in the bone bed, but there
was no increase in ISQ values or maximum temperature when compared to the
conventional technique. Furthermore, despite the differences in the manufacturing

processes between the two kits evaluated, there was no loss of mass after use.

Compared to the conventional technique and similar to literature, the present
study found higher insertion torques in the osseodensification groups [10,17,19,20,21].
The osseodensification technique is capable of improving insertion torque by up to 24
Ncm in bones with low density due to the large amount of cancellous bone [22]. These
results may be related to the condition of the bone bed in which the implant was
inserted. The quantity and quality of bone present in the surgical bed directly influences
the primary stability of the implant [23], considering it is largely determined by the
friction generated during insertion of the implant into the intraoral bone [2]. Thus, the
higher torque values can be explained by the bone compaction around the implant
promoted by the osseodensification technique, which, when properly performed, is
capable of providing greater accumulation of bone tissue on the surface of the
implanted screw [3,10]. Consequently, bone-implant contact increases and
micromovement reduces, resulting in higher insertion torque due to enhanced primary
stability. On the other hand, the lower torque values in the conventional technique may

be related with the osteotomy process, in which no bone residues remain on the walls
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of the surgical bed, representing a disadvantage compared to preparing the bed using

the osseodensification technique.

Between the osseodensification groups, G3 presented even higher insertion
torque values when compared to G2. High torque levels may be unfavorable due to
the titanium particles release associated with damage to the implant surface, which
are cofactors involved in bone loss around dental implants [24,25,26]. From an
economic perspective, the G3 burs manufactured in Brazil are more affordable,
favoring their use by a greater number of dental professionals. However, there are no

studies available in literature allowing a better comparison of the results obtained.

The removal torque is a parameter used in scientific research to assess implant
stability in the implant bed and is directly correlated with the percentage of bone volume
surrounding the implant and the bone/implant contact (BIC) [27]. Consequently, the
osseodensification technique has been shown to increase the secondary stability of
the implant, as reflected in the removal torque values [9]. Although the aim of this study
was not assessing the secondary stability of the implants, this research revealed
increased removal torque values for the osseodensification groups compared to the

conventional group, corroborating previous reporting in literature [10,19,20].

The Osstell® device is the main tool used to measure RFA ranging from 1 to
100, with 100 being the highest stability value, referred to as the Implant Stability
Quotient (ISQ)?2. In the present study, there was no significant relationship between
the stability coefficients recorded in the three groups (p = 0.157). Although these
findings are similar to other studies [21,29,30], it is important to consider that different

methodologies were employed between the studies mentioned.

Lages et al. (2017) [28] conducted a systematic review assessing whether the
primary stability of dental implants could be evaluated by insertion torque and
resonance frequency analysis. The researchers concluded that these are independent
and non-comparable methods, and that the professional should define only one
method for examination. In contrast, Caceres et al. (2020) [19] found a positive
relationship between ISQ and insertion torque, reporting higher values for both
parameters in implants placed by the osseodensification technique possibly associated

with the greater number of observations and the smaller number of comparative
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groups.

Several studies in literature state that osseodensification improves the primary
stability of implants in low-density bones when compared to the conventional
technique, attributing the improved bone healing to the preservation of bone tissue and
autografting of the local bone matrix along the osteotomy bed [10,17,20,22,31,32].
However, it is prudent to consider indicating the osseodensification technique in
regions with denser bone, as the technique may not present the same benefits as those

found in regions with more porous bonés [30].

The temperature limit for irreversible heat-induced bone tissue damage is in the
range of 44 - 47°C applied for 1 minute and measured at a distance of approximately
0.5 mm from the implant [33]. Also, low temperatures at the bone/implant interface at
the time of osteotomy are important to support and aid adequate osseointegration [34].
Irrigation is an essential element for reducing temperature especially when the drilling
process reaches the final drill diameter, in order to avoid bone necrosis [35]. The
thickness of the cortical bone, especially in the mandible, increases the contact of the
drill with the bone, thereby raising the temperature. Therefore, it is strongly
recommended that the operator use cooled irrigant and sharp drills to avoid increasing
the temperature in the bone [34]. Additionally, Soldatos et al. (2022) also observed that
the initial drills generate more heat, and that the temperature variation reduces as the

drill diameter increases, especially in conical drills [36].

The thermocouple probe is inserted into a perforation located approximately 1
mm from the edge of the final diameter of the osteotomy to avoid damage to the
thermocouple that may be caused by inadvertent contact of the bur with its probe and
to capture heat generation during osteotomy preparation procedures [10,34]. Despite
the lower penetration of the irrigant in deeper bone location, the thermocouple
measures lower temperatures due to lower force required for the bur to penetrate the
cancellous bone [34]. The drilling speed and the apical advancement of the bur into
the bone significantly affect the amount of heat generated during osteotomy. In
addition, lower drilling speeds have been shown to reduce temperature increases,
improving bone regeneration and osseointegration [37]. In the present study, identical
speed and torque values were used to perform all surgical site perforations in all

groups.
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This study found no statistically significant differences in maximum
temperatures among the three groups, and results between G1 and G2 are in
agreement with literature [10,38]. Soldatos et al. (2022) evaluated Densah® burs after
forty osteotomies in a clockwise direction (drilling) and likewise reported no significant

differences in the generation of heat by friction between the bone and the bur [36].

The Densah® burr is capable of inducing compression movement in cancellous
bone resulting in controlled bone deformation due to its viscoelastic and viscoplastic
characteristics [22]. In this study, it was possible to observe a layer of compacted bone
around the bed of osteotomies that were performed using the osseodensification
technique. It is suggested in literature that the formation of a compacted bone layer
around the bed of the osseodensification techniques results in primary stability
increases, secondary stability and the percentage of bone-implant contact (BIC)
[3,21,22].

It was evaluated by morphological assessment of the surgical beds in
microtomography greater peri-implant bone volume in osseo densified beds compared
to the conventional technique, suggesting a greater bone volume due to trabecular
condensation, which favors the immediate stability of the implant through physical
interlocking [21]. Similarly, Trisi et al. (2016) also reported a greater percentage of
bone volume in the beds that used the osseodensification technique, being

approximately 30% greater when compared with the conventional technique [9].

Dental implant burs are reusable and widely adopted in clinical practice to
perform osteotomies for dental implants, although there are no clear guidelines
regarding their longevity, and the professional is expected to determine their service
life subjectively, such tactile perception in of the force required to perform osteotomy
[34]. This decision regarding bur replacement may lead to premature replacement of
the equipment or prolonged use of a worn bur [39]. The ideal service life of a bur may
fluctuate. Based on the technical report by Medical Data International (1999),
Allsobrook et al. (2011) reported that a bur can be used in approximately 25
osteotomies, considering that the average number of implants placed per procedure is
2.5 implants, diverging to most manufacturers’ recommendations that limit reuse to 10
surgical procedures [34]. Worn burs when reused, may cause extreme damage to

bone tissue, impairing osseointegration of the implant with the boné [40]. This study
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evaluated the wear of the initial and final burs using the osseodensification technique
(G2 and G3). As in Allsobrook et al. (2011), it was not possible to compare the
progressive wear on the active surfaces of the burs, thus a random single drilling
surface was analyzed during the microscopy sessions, according to its orientation in
the SEM [34]. Furthermore, a single specimen of each bur was used at different times

in the SEM, limiting the range of comparisons.

Bur wear is affected by the type of osteotomy that each type of implant
advocates, as this influences the location on the bur where the bone is cut, resulting in
variations that lead to different degrees of bur wear [39]. The initial (pilot) burs suffer
greater wear when compared to others used in osteotomy procedures for dental
implants, requiring replacement after approximately 50 drillings [35,40]. Versah
recommends replacing its Densah® burs after 12-20 osteotomies [41]. The present
study employed the burs to perform 20 osteotomies. In the analyses, the pilot bur did
not demonstrate major structural losses under SEM. The final bur (VT2838) presented
an area of structural loss in the region of the active tip boundary and the bur body,
suggesting the presence of some surface treatment on its active tip. There were no
statistically significant differences between the weights of the burs before and after

use.

According to WF (2025, p.10) [42], Bone Reamer Dirills® burs are made of
stainless steel coated with diamond-like carbon (DLC). This coating has biomedical
applications as it leads to an increase in mechanical properties, inducing higher
resistance to corrosion and wear [43]. There is no information available on the number
of reuses cycles that Bone Reamer Drills® can be subjected to before their
replacement. Mendes et al. (2014) [43] in their study did not find differences in relation
to the mass changes in the cutters containing DLC coating after 10, 20, 30 and 40
drillings, even observing delamination of this coating after multiple drillings. The latter
reinforces our conclusions, since the burs did not present major structural losses in
SEM and there were no statistically significant differences between the weights of the
burs before and after the experiment. Although this study allows an objective
evaluation of mechanical parameters involving the differences between conventional
and osseodensification techniques, and the performance between two different kits
that perform them, it has as limitation the assessment in an in vitro scenario, where it

does not faithfully reproduce the clinical environment. Besides, another limitation is the
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lack of studies performed with the burs from group G3.

New research applying in vivo models and/or using Bone Reamer Drills® may
provide important data to improve the safety and results of dental implant treatments.
Furthermore, single samples of a bone block and specimens of each drill were used
for SEM evaluations, which may have limited broader comparisons. Further laboratory
studies and analyses empolying larger N are necessary to provide more information
on the subject, enabling more effective tests to be performed, such as the Bone Area
Fraction Occupancy (BAFO). However, our results suggest that osseodensification
does in fact form a layer of compacted tissue around the surgical bed, favoring primary
stability in bones considered to be of low density (type 4). Furthermore, future research
should include a greater number of burs and drillings in order to verify the occurrence

of significant structural changes and identify its frequency.
6 CONCLUSION

Bone instrumentation using both osseodensification kits increased the primary
stability of the implants, as evidenced by higher insertion and removal torque values
compared to conventional instrumentation in type 4 bone. There were no significant
differences in temperature among the groups, with values remaining below the
threshold capable of causing thermal damage to bone, suggesting clinical safety when
adequate irrigation is applied during bed preparation. Regarding the drills, no

statistically significant differences were observed in weight before and after use.

SEM analysis revealed cracks in the bone bed of Group 2 and the presence of
compacted bone at the bone-implant interface where the osseodensification technique
was applied. Densah®/Versah drills showed slight wear at the junction between the
active tip and the body, while Bone Reamer Drills®/WF exhibited irregular milling lines
along their length. Although the in vitro results support the technique’s application for
both brands, clinical studies with larger sample sizes are needed to assess the effects

of irrigation, cleaning, and sterilization on drill performance.
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FIGURE’S LEGENDS
Figure - 1 - Location of the thermocouple probe during osteotomy for each group

Figure - 2 - Radiograph highlighting the location of the thermocouple probe
approximately 1mm away from the final edge of the osteotomy

Figure - 3 - Measurement of the resonance frequency of the implants

Figure - 4 - Scanning electron microscopy of the interface region between the active
tip and the body of the VT2838 milling cutter | Images with magnifications of 500x
and 1000x, respectively. a) Images obtained before bed preparation; b) Images
obtained after bed preparation. Note a slight structural loss in the regions of the
arrows.

Figure 5 - Scanning electron microscopy of the initial reamer of the Bone Reamer
Drills® (WF) system | Images with magnification of 100x, 500x and 1000x
respectively. a) Images obtained before bed preparations; b) Images obtained after
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bed preparations. Note slight visible wear, with areas of deformation observed at
their active tips.

Figure 6 - Scanning electron microscopy of the end mill of the Bone Reamer Drills®
(WF) system | Images with magnification of 100x, 500x and 1000x respectively. a)
Images obtained before bed preparations; b) Images obtained after bed preparations.
Note slight visible wear, with areas of deformation observed at their active tips.

Figure 7 - Scanning electron microscopy of the surface of Densah® VPLTT and
VT2838 cutters | Images with magnification 40x, 100x, 500x and 1000x respectively.
a) images of the surface of the VPLTT pilot milling cutter. b) images of the surface of
the VT2838 final milling cutter.

Figure 8 - Scanning electron microscopy of the surface of Bone Reamer Drills®
helical 1.8mm | Images with magnification 40x, 100x, 500x and 1000x respectively.
a) images of the surface of the 1.8mm pilot milling cutter. b) images of the surface of
the 3.4mm BRD final milling cutter.

Figure 9 - Scanning electron microscopy of the surgical beds of the three groups after
implant removal | Images magnified at a) 12x and b) 30x

Figure 10 - Scanning electron microscopy of the beds of groups G1, G2 and G3 | a)
conventional group (G1). b) Versah group (G2). c) WF group (G3). Image at 100x
magnification. Note the crack areas shown by the arrows.

Figure 11 - Scanning electron microscopy of the beds of groups G1, G2 and G3 |
Images with 100x magnification. Note that there is an absence of a bone layer over
the region shown by the arrows in G1, while in groups G2 and G3 there is the
presence of this bone layer.
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5 CONSIDERAGOES FINAIS

Os resultados desse trabalho mostraram que a instrumentacdo 6ssea com
ambos os kits de osseodensificacdo é capaz de aumentar a estabilidade primaria dos
implantes, uma vez que apresentaram maiores niveis de torque de insercao e torque
de remogao, quando comparados com a instrumentagao 6ssea convencional, em 0sso
tipo IV, embora n&o tenha havido diferengas significativas nos valores de ISQ entre os
grupos. Os resultados sugerem que ambas as técnicas s&o seguras ao clinico.

Em relagcdo a temperatura, ndo houve diferencas significativas entre os trés
grupos, ficando bem abaixo do valor capaz de causar um dano ésseo irreversivel.

Em relagcdo aos kits de osseodensificagéo utilizados no estudo, ndo foram
detectadas diferengas estatisticamente significativas em relagdo a diferenga de peso
entre as fresas antes e apos os usos. Ao MEV, observaram-se alteragdes estruturais
na superficie do leito 6sseo, além da presenga de uma camada de osso compactado
na interface osso-implante em ambos os leitos que utilizaram a técnica de
osseodensificagdo. As fresas Densah®/Versah apresentaram leve desgaste na regiéo
da interface entre a ponta ativa e o corpo da fresa, enquanto as fresas Bone Reamer
Drills®/WF apresentaram linhas de fresagem irregular em a sua extensao. O efeito de
irrigacao, da limpeza e dos procedimentos de esterilizagdo dessas fresas devem ser
abordados em pesquisas adicionais com um maior numero de amostras para avaliar
essas caracteristicas em maior escala.

Novas pesquisas utilizando as fresas Bone Reamer Drills® podem fornecer
dados importantes para aprimorar a seguranga e os resultados dos tratamentos com
implantes dentarios realizados com esse sistema, que por ser fabricado no Brasil,
apresenta um menor custo e maior acessibilidade aos profissionais da odontologia.
Além disso, a realizagao de novos estudos in vivo sao necessarios para confirmar os
resultados obtidos in vitro, reforcando a validade e a seguranca das técnicas de

preparo para leito de implantes dentarios avaliados neste estudo.
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