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RESUMO

O presente estudo avaliou a influéncia de diferentes tipos de biomateriais, na
estabilidade de implantes instalados em &reas previamente enxertadas, utilizando o
Quociente de Estabilidade do Implante (ISQ). Foi realizada uma revisédo sistematica
da literatura, seguindo os critérios PRISMA. As buscas foram realizadas nas bases de
dados Medline/Pubmed, Cochrane Library, EMBASE e LILACS, além da literatura
cinzenta e busca manual, sem restricdo de data e idioma. A selecao dos estudos, risco
de viés e coleta de dados foram feitos em duplicata. De um total de 512 publicacfes
selecionadas, foram incluidos apenas 9 ensaios clinicos (8 aleatorizados e 1 néo
aleatorizado), que avaliaram 229 pacientes, entre 18 e 88 anos de idade, com
acompanhamento de 6 a 24 meses. Implantes instalados em &reas previamente
enxertadas por biomateriais de origem xendgena ou aloplastica apresentam ISQ
similares, na estabilidade primaria e secundaria, compativeis com a sobrevida de um
implante em funcéo. A associacdo do PRF ou 0sso autdgeno, aos biomateriais, ndo
sugere aumentar o ISQ nas estabilidades primaria e secundaria. O tamanho da

particula do biomaterial pode influenciar o 1SQ.

Palavras-chave: Andlise de frequéncia de ressonancia. Implantes dentarios. Revisao

sistematica. Materiais biocompativeis. Osseointegragéo.



ABSTRACT

The present study evaluated the influence of different types of biomaterials on the
stability of implants installed in previously grafted areas, using the Implant Stability
Quotient (ISQ). A systematic review of the literature was performed, following the
PRISMA statement. Searches were performed in Medline/Pubmed, Cochrane Library,
EMBASE and LILACS databases, in addition to gray literature and manual search,
without date and language restrictions. Study selection, risk of bias, and data collection
were performed in duplicate. From 512 selected publications, only 9 clinical trials were
included (8 randomized and 1 non-randomized), which evaluated 229 patients,
between 18 and 88 years of age, with a follow-up of 6 to 24 months. Implants placed
in areas previously grafted with biomaterials of xenogenous or alloplastic origin present
similar 1SQs in primary and secondary stability, compatible with the survival of an
implant in function. The association of PRF or autogenous bone to biomaterials does

not suggest increasing the ISQ in primary and secondary stabilities. The particle size

of the biomaterial can influence the 1SQ.

Keywords: Resonance frequency analysis. Dental implants. Systematic review.

Biocompatible materials. Osseointegration.
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1 INTRODUCAO

A estabilidade do implante dentario pode ser dividida em estabilidade primaria,
secundaria e terciaria. A estabilidade primaria refere-se a estabilidade mecéanica do
implante no 0sso e auséncia de micromovimento, enquanto a estabilidade secundaria
refere-se a osseointegracdo do implante ao o0sso circundante (SACHDEVA;
DHAWAN; SINDWANI, 2016). A avaliacdo de estabilidade é parte integrante do
monitoramento pos-cirdrgico dos implantes dentarios, durante a cicatrizagdo e nas
visitas de acompanhamento (HAN; LULIC; LANG, 2010). Varios fatores afetam a
estabilidade primaria do implante, incluindo a densidade d&ssea, macro e
microgeometria do implante e a técnica cirargica. Desta forma, a osseointegracao e a
sobrevivéncia dos implantes dentarios estdo ligadas a estabilidade primaria (AL-
SABBAGH; ELDOMIATY; KHABBAZ, 2019).Embora os implantes dentarios sejam
comprovadamente um tratamento previsivel a longo prazo para os pacientes, é
importante perceber que implantes de sucesso sdo aqueles que permanecem
totalmente funcionais e saudaveis dentro da cavidade oral (CLARK; LEVIN, 2016).

Existem véarios métodos para medir a estabilidade dos implantes, como a
analise histomorfométrica, torque de insercao, torque de remocgao, teste de percussao,
analise radiogréfica, resisténcia ao corte, Periotest e a Analise de Frequéncia de
Ressonancia (RFA) (BUYUKGUCLU; OZKURT-KAYAHAN; KAZAZOGLU, 2018).
Com a RFA é possivel medir o grau de estabilidade do implante a qualquer momento,
durante o tratamento (CHEN et al., 2019). O RFA é um método considerado sensivel
e oferece uma melhor resolucdo quando comparado a outros testes. Por esse motivo,
a RFA € um método amplamente utilizado para aferir a estabilidade de um implante
(CHARATCHAIWANNA et al., 2019; SACHDEVA; DHAWAN; SINDWANI, 2016).

Atingir a estabilidade priméria no momento da implantagéo, a osseointegracéo
durante o periodo de cicatrizagdo e a capacidade de carga funcional determinam o
sucesso de um implante (OH et al., 2009). A estabilidade mecanica, também
conhecida como primaria pode ser mediada por macro reten¢des ou atrito do implante
em seu leito preparado, enquanto a estabilidade bioldgica, conhecida como
osseointegracdo ou secundaria, € o resultado de um contato direto osso-implante
apos a integracdo do tecido. Sendo esta Ultima representada como um pré-requisito
para o carregamento funcional e a estabilidade a longo prazo de um implante dentério
(HAN; LULIC; LANG, 2010).



18

Além disso numa correspondéncia ao comportamento da estabilidade primaria
e secundaria, ha um periodo transitério de diminuicdo da estabilidade primaria e
aumento da estabilidade secundaria. Essa queda da estabilidade do implante pode
ocorre durante o periodo de transicdo (CHEN et al., 2019). Ainda nédo foi possivel
determinar qual o ponto dessa transi¢cao quando relacionada a variaveis de tratamento
prévios, como por exemplo a influéncia do biomaterial utilizado na neoformacéo 6ssea
e sua correlacdo nas estabilidades primaria e secundaria.

N&o ha na literatura atual trabalhos relacionando os biomateriais utilizados em
reconstrugcdes com a estabilidade primaria e secundéria de implantes instalados
nessas areas, e 0s poucos trabalhos envolvendo estabilidade de implantes em areas
de enxerto se restringem a avaliar a crista 6ssea marginal e a influéncia do 0sso
residual na estabilidade priméria (QIAN et al., 2016).

Nesse contexto o presente trabalho avaliou a estabilidade priméaria e
secundaria de implantes instalados em areas enxertadas por diferentes biomateriais,
sendo investigado correlacdes entre as estabilidades primaria e secundaria, antes e

apos o implante em fungédo, com o biomaterial utilizado na reconstrucéo 6ssea.

1.1 Estabilidade priméaria

A estabilidade primaria é dificil de definir clinicamente, embora se entenda que
envolve a falta de movimento do implante ou a estabilidade biométrica imediatamente
apos a sua instalacdo. Essa estabilidade priméria é aplicada como um indicador da
osseointegracao futura (OH; KIM, 2012). Alguns autores relatam que a falha precoce
dos implantes pode ser causada por estresse mecanico excessivo e baixa estabilidade
primaria,corroborando com a ideia de que o design de um implante tem um grande
efeito na estabilidade primaria (TETTAMANTI et al., 2017). Outros, relatam que a
densidade 6ssea local tem uma influéncia significativa nessa estabilidade, que é um
determinante importante para o sucesso do implante. Essa densidade local é
guantitativa e pode caracterizar a qualidade Ossea local (SAKKA; BAROUDI,
NASSANI, 2012; TETTAMANTI et al., 2017).
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1.2 Estabilidade secundaria/Osseointegracéo

A ancoragem direta de implantes metalicos ao tecido 6sseo foi descoberta por
Branemark (1962) e apds algumas experiéncias com animais terem sido aplicadas,
clinicamente para implantes orais, em 1965. O desenvolvimento de implantes
metalicos ancorados ao tecido 0sseo significou uma inovagdo no tratamento de
individuos, parcialmente ou totalmente, desdentados. O termo osseointegracéo foi
cunhado por Branemark (1977) e, em seguida, definido como um contato direto entre
implantes e o0ssos, ao nivel da microscopia 6ptica (BRANEMARK et al., 1977).
Inicialmente, a incorporacdo de implantes de titanio era vista como um fenémeno
simples de cicatrizacdo de feridas que era considerado possivel devido as supostas
reacOes benignas dos tecidos ao material, possivelmente incluindo até algum tipo de
ligacdo quimica. Primeiramente, foi demonstrado que outros metais, como ligas de
titanio, tantalo e niébio, além de varios materiais ceramicos, eram igualmente capazes
de promover o processo de osseointegracdo (ALBREKTSSON et al., 1983).

O entendimento do titanio ser biocompativel, sem nenhuma reacéo adversa no
tecido 6sseo, foi questionada. Donath, Laab e Giinzl (1992) descreveram que o titanio
estava longe de ser biocompativel, mas capaz de provocar respostas imunes quando
instalados no tecido 6sseo e concluiram gue a osseointegracdo era apenas uma
reacao de corpo estranho, onde 0 organismo visava incorporar o titanio ao 0sso, como
um modo de protecdo. Os autores alegam que qualquer material instalado no 0sso
sera rejeitado, dissolvido, reabsorvido ou demarcado com uma camada densa do
proprio 0sso, para proteger os tecidos periféricos (DONATH; LAAB; GUNZL, 1992).

Nesse sentido, atualmente, a Osseointegracao apresenta uma nova definicao:
"osseointegracdo é uma reacao de corpo estranho onde o osso interfacial é formado
como uma reacgao de defesa para proteger o implante dos tecidos" (ALBREKTSSON
et al., 2017; ALBREKTSSON; WENNERBERG, 2019).
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1.3 Andlise de frequéncia de ressonéancia e o quociente de estabilidade do

implante

As alteracdes nas estabilidades, primaria e secundaria, do implante podem ser
monitoradas ao longo do tempo, sendo possivel encontrar implantes em risco de falha.
Dentre os diferentes métodos existentes para esse monitoramento, a Andlise de
Frequéncia de Ressonancia (RFA) apresenta a possibilidade de medir o grau de
estabilidade do implante, a qualquer momento, durante o tratamento, de forma nao
invasiva e sem causar dano ao paciente (CHEN et al., 2019). A mensuracdo é
realizada através de pulsos eletromagnéticos que sdo passados do smartpeg
acoplado ao implante para a ponta do transdutor do aparelho OSSTELL (SENNERBY;
MEREDITH, 2008). Inicialmente a RFA tinha sua mensuragdo relatada em hertz
(BALLERI et al., 2002), porém por ser considerado complicado a comparagdo de
dados, atualmente € utilizada a unidade de Quociente de Estabilidade do Implante
(ISQ), sendo registrado como um numero entre 1 a 100, onde, quanto menor o valor,
menor a estabilidade do implante (WESTOVER et al., 2017). O valor de 1ISQ pode
variar em relacdo a qualidade 6ssea, tipo de implante, técnica cirdrgica e design do
implante (tipo, comprimento e diametro) (BUYUKGUCLU; OZKURT-KAYAHAN;
KAZAZOGLU, 2018; KRAFFT; GRAEF; KARL, 2015).

A existéncia de um intervalo entre a estabilidade primaria e secundaria, ao qual
a mobilidade do implante pode sofrer um aumento, ocorre por esse processo ser
dindmico, observando que a fase inicial é caracterizada pela reabsorcdo 6ssea na
interface osso-implante, seguido pela fase de formacdo 6ssea ao redor do implante.
Portanto, podemos inferir que as atividades de osteoclastos e osteoblastos séo
responsaveis pela alteracdo dos valores de I1SQ, durante as fasesde cicatrizagédo
(HAN; LULIC; LANG, 2010; SARFARAZ et al., 2018).
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2 OBJETIVOS

2.1 Objetivo geral

Identificar a evidéncia cientifica disponivel na literatura mundial sobre a
avaliacdo da estabilidade primaria e secundaria de implantes instalados em areas
previamente enxertadas, por diferentes biomateriais e associac¢des, utilizando o
Quociente de Estabilidade do Implante (ISQ) como também responder a pergunta da

pesquisa.

2.2 Objetivo especifico

a) Correlacionar os ISQ’s obtidos pela Andlise de Frequéncia de Ressonancia

nas areas implantadas que foram previamente enxertadas por biomateriais.
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ABSTRACT

Introduction: Dental implants are installed in areas previously grafted by different types of
biomaterials. However, there is no consensus in the literature about their influence on the
stability of these implants. Objective: To evaluate the influence of different biomaterials on
the primary and secondary stability of implants installed in previously grafted areas using the
Implant Stability Quotient (1SQ). Material and Methods: a systematic literature review
followed the PRISMA criteria. Searches were performed in Medline / Pubmed, Cochrane
Library, EMBASE, and LILACS databases and grey literature and manual search, without date
and language restrictions. Study selection, risk of bias, and data collection were performed in
duplicate. Results: From 512 selected publications, only nine controlled clinical studies (8
randomized and one non-randomized) with a follow-up of 6 to 24 months were included.
Implants installed in areas previously grafted with biomaterials present similar ISQs in primary
and secondary stability, compatible with the survival of an implant in function. The association
of PRF or autogenous bone to biomaterials does not suggest increasing the 1SQ in primary and
secondary stabilities. There is no statistical difference in the biomaterial's particle size influence

on the 1SQ of primary and secondary stabilities.

Key words: Resonance frequency analysis. Dental implants. Biocompatible materials.

Osseointegration.
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INTRODUCTION

Dental implant stability can be divided into primary, secondary and tertiary stability.
Primary stability refers to the mechanical stability of the implant in the bone and the absence
of micromovement. In contrast, secondary stability refers to the osseointegration of the implant
into the surrounding bone.! Stability assessment is an integral part of post-surgical monitoring
of dental implants during healing and follow-up visits.> Several factors affect the primary
stability of the implant, including bone density, implant design, and surgical technique. In this
way, osseointegration and survival of dental implants are linked to primary stability.® Although
dental implants are proven to be a predictable long-term treatment for patients, it is essential to
realize that successful implants are those that remain fully functional and healthy within the
oral cavity.*

There are different methods to measure implant stability, such as histomorphometric
analysis, insertion torque, removal torque, percussion test, radiographic analysis, shear strength,
Periotest and Resonance Frequency Analysis (RFA).> With RFA, it is possible to measure the
degree of implant stability during treatment.® RFA is considered a sensitive method and offers
better resolution when compared to other tests. For this reason, RFA is a widely used method
to assess the stability of an implant.’

There are no studies in the current literature relating the biomaterials used in
reconstructions with the primary and secondary stability of implants installed in these areas.
The few studies involving implant stability in graft areas are restricted to evaluating the
marginal bone crest and the influence of residual bone on primary stability.® In this context, the
present work will evaluate the primary and secondary stability of implants installed in areas

grafted by different biomaterials through a systematic review of the literature.
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MATERIAL AND METHODS

This systematic review followed the recommendations of the Cochrane Collaboration
Handbook.® and the PRISMA (Preferred Reporting Items for Systemic Reviews and Meta-
Analyzes) guidelines.’® The review protocol was previously registered on the Open Science

Framework platform (https://osf.io) via the link: https://osf.io/rc5wb/ (Figure 1).

Research question and eligibility criteria
The inclusion criteria to assess the scientific evidence were based on the acronym
PICOS (Population, Intervention, Comparison, Outcomes, Study Design), described below, and

the structured question for the research.

a) P (population) =Patients who underwent implant placement in previously grafted
areas;

b) I (intervention) = Different types of biomaterials and associations;

c) C (comparison) = Different types of biomaterials and associations;

d) O (outcome) = Primary and secondary stability measured by 1SQ;

e) S (study design) = Randomized controlled clinical studies, non-randomized

controlled clinical studies.

Structured question: Can implants installed in previously grafted areas be influenced by
primary and secondary stability due to the type of biomaterial? Included were: prospective
experimental studies with different longitudinal follow-up times, comparing the stability of
implants through RFA (Resonance Frequency Analysis) for different biomaterials and their
associations. The following were excluded: studies that compared the stability of implants

between non-grafted and grafted areas.
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Search sources and search strategy

An electronic search was conducted, including studies published until October 2021, in
the MEDLINE (Pubmed), Cochrane Library, Embase (Excerpta Medica data BASE) and Latin
American and Caribbean Literature on Health Sciences (LILACS) databases. For each
database, search strategies were developed using indexed terms and synonyms (Table 1).

In addition, a search for studies in the grey literature was carried out in the theses and
dissertations bank of the Coordination for the Improvement of Higher Education Personnel
(CAPES), Brazilian Digital Library of Theses and Dissertations Digital Library of Theses and
Dissertations at USP. A manual search was performed on the references of all included studies.

Ongoing trials were searched in the Clinical Trials database (www.clinicaltrials.gov).

Selection of studies and data collection

The studies found in the electronic databases were gathered in a single database to
exclude duplicates using the EndNote Software version x8 (Thomson Reuters). The reading of
titles and abstracts, performed by independent studies, was performed in two titles and full
abstracts: (F.A.M.A.). Data collection was performed by a researcher (G.G.A) and later
reviewed by a second (V.E.A.S). One the following data were reported: (and country of
publication) (2) study design; (3) intervention and comparison; (4) number of patients; (5) age
(average and age group); (6) number of implants; (7) graft type; (8) time for implant placement
after the grafting procedure; (9) follow-up time; (10) type of biomaterial; (11) graft association;

(12) inserted area; (13) trademark; (14) 1SQ — primary and secondary stability.

Risk of bias in the included studies
The risk of bias in the included studies was independently assessed by two reviewers

(G.G.A and V.E.A.S.), and disagreements were assessed by consensus. The risk of bias in
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individual studies for the randomised controlled trials was assessed using the Cochrane risk of
bias tool - Rob 2.0, as recommended by the Cochrane Collaboration.® For the evaluation of the
non-randomised clinical study, the “Risk of Bias In Non-randomised Studies - of Interventions”

(ROBINS-I) was used.

RESULTS
Selection of studies

The search strategy identified a total of 512 potential studies in the databases. After
removing 102 duplicates, 410 publications were evaluated for reading titles/abstracts, and 24
studies were selected for reading the full text. Of these, 15 studies were excluded, and nine
studies were excluded.'??° were included in this Systematic Review according to the eligibility

criteria (Figure 2).

Characteristics of the included studies

Table 2 presents the general characteristics of the included studies. The included studies
were published between 2012 and 2021 in Brazil, Turkey, South Korea, the United States,
Sweden, Portugal and India. Nine studies were included at different times of longitudinal
follow-up, 8 of which were randomized controlled clinical studies.!>*® 2 and a non-
randomized controlled clinical trial'®, which evaluated 229 patients aged between 18 and 88
years deity.

For implant placement times after bone grafting, six included studies worked at six
months postoperatively 121415171920 three used eight months.t316:18 Only 1 included study used
a time of 4 months in its test group, where a xenogeneic biomaterial associated with PRF was

used.!8
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All included studies assessed primary stability using the 1SQ immediately after implant
placement. Secondary stability, measured by the 1SQ, was evaluated six months after implant

placement in 6 studies.'?1% 1618 and a study after two months.?°

Risk of bias of included studies

The eight randomized clinical trials.1>?° evaluated by the Cochrane risk of bias tool
(ROBZ2) presented in 3 domains (randomization process, deviations in intended interventions
and missing outcome data) the judgment “some concerns”. The lack of information on the
generation and secrecy of the allocation, the lack of blinding of participants and evaluators and
losses in the sample were the main reasons for the low quality in the judgment of the risk of
bias (Table 3).

For assessing the risk of bias in a non-randomized controlled clinical trial'®, the
ROBINS-I tool was used, which presented the overall risk of bias as “Severe”. The main reason
for this classification was the lack of control for confounding factors in the distribution of the

intervention (Table 4).

DISCUSSION

The primary stability of the implant is linked to secondary stability, that is, the survival
of the implant in function after osseointegration. Several types of implants are installed in
surgical areas that have received different types of grafting biomaterials. Can these biomaterials
compromise the primary or secondary stability of these implants?

The biomaterials used in the studies included in this systematic review were
xenogenous®16 1820 alloplastic?!® and their association or comparison between xenogeneic

and alloplastic.!” The inclusion of a test group with the association of bone substitute matrices
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with potential inducing biomaterials, PRF, was also evaluated in some of these included
articles'®'®, as well as an association with autogenous bone tissue.'?®

There are several types of measurement for stability, including Resonance Frequency
Analysis (RFA). This technically simple method can be used even at different times, from the
moment of its installation (primary stability) to a later period. This analysis is considered
necessary in a non-invasive way and without causing harm to the patient.® Data are collected
per unit of Implant Stability Quotient (1SQ), recorded as a number between 1 to 100, where the
lower the value, the lower the implant's stability.?! In this systematic review, the 1SQ value
described varied on average between 45 and 77 for alloplastic biomaterials, with the minimum
average for the biomaterial associated with PRF® and the maximum average for the autogenous
material.'? It is important to note that the technique used was not the same, with the minimum
use of the biomaterial being in a 3-wall alveolar bone defect, in the ROG technique and the
maximum, in the technique of alveolar ridge augmentation osteotomy with interposition
graft.*>1° For xenogeneic biomaterials, the included article that presented the maximum was
77.1+5.9 of 1SQ.2° When comparing the I1SQ between biomaterials, alloplastic and xenogeneic,
no statistical differences were reported.!’ Particle size suggests influencing stability, which is
more significant for smaller particles.’®* The association of the biomaterial with PRF also
suggests decreasing the primary 1SQ in the two analyzed articles. However, this decrease is not
considered statistically significant, or that is, the association or not of PRF does not make the
implant more stable.!8® However, Pichotano performed his primary assessment after four
months of grafting this association. A systematic review in 2016 reinforces the idea that PRF
associated with a biomaterial is not significant for greater or lesser stability of the implant.?? A
alteracdo na proporcdo de 0sso autdgeno em associacdo ao biomaterial ndo sugere uma

alteracio significativa no 1SQ.°
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The difference between the arches can compromise the ISQ value since the mandible
bone has its medullary portion more compact than the maxilla. Oh and Kim?® conducted a study
with 162 patients who underwent the installation procedure of 211 implants, both in the maxilla
and in the mandible. ISQ values were correlated with bone quality, according to the
classification of Lekholm and Zarb?® The observed 1SQ values were higher in the mandible
than in the maxilla. Among the nine articles included in this systematic review, five reported
that they were performed only in the maxillat®1* 1"-1% one only in the mandible!?, two in both
the maxilla and mandibula®>*® and another did not report.

For implant placement times after bone grafting, six of the nine articles included
working at six months postoperatively?141517.19.20 “three used eight months.?31618 Only the
included article used a time of 4 months in its test group, where a xenogeneic biomaterial
associated with PRF was used.®

The existence of an interval between primary and secondary stability, to which the
mobility of the implant can be increased, occurs because this process is dynamic, noting that
the initial phase is characterized by bone resorption at the bone-implant interface, followed by
the phase of implantation-bone formation around the implant. Therefore, we can infer that
osteoclast and osteoblast activities are responsible for changing 1SQ values during the healing
phases.2% Secondary stability was assessed by 6 of the nine included articles. In all of them, an
increase in 1ISQ was demonstrated, with the lowest averages reported being 62.1 + 7.4 for the
area grafted by xenogeneic biomaterial with more excellent granulation and 63.5 £ 5.4 for the
area grafted by the same biomaterial, but with less granulation.'® This increase in I1SQ can be
explained by the possibility of more significant condensation of the biomaterial in the receptor
bed.

On the other hand, more significant condensation can lead to more incredible difficulty

in osteoconduction due to the reduction of spaces between the biomaterial particles for
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migration and colonization of the biomaterials by osteoclasts and formation of a new bone
matrix. The highest average was presented by?°, with an 1SQ of 81.8 + 3.8.

The low methodological quality of the included studies, risk of bias, small samples, lack
of methodological information for a consistent critical analysis, and heterogeneity in reported
results were some of the limiting factors of this study. On the other hand, carrying out this
systematic review following the PRISMA recommendations, a comprehensive literature search,
reducing the risk of publication bias, brings the best evidence on the topic to the light of science.
New, better-designed, randomized clinical trials with more robust samples and low risk of bias

are needed.

CONCLUSION

On the limitations of this systematic review, the available scientific evidence
demonstrates that implants installed in areas previously grafted by biomaterials, whether of
xenogenous or alloplastic origin, present similar 1SQs in primary and secondary stability,
compatible with the survival of an implant in function. The association of PRF or autogenous
bone to biomaterials does not suggest increasing the 1SQ in primary and secondary stabilities.

The particle size of the biomaterial can influence the 1SQ, but without statistical difference.
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Table 1. Search strategy in electronic databases

Databases Search strategy N
Cochrane ID Search Hits 106
Library #1 MeSH descriptor: [Dental Implants] explode all trees

#2 (dental implantS) (Word variations have been searched) #3  (dental
implant*) (Word variations have been searched)

#4 #1 or #2 or #3

#5 (implant stability quotient) (Word variations have been searched)
#6 (1SQ) (Word variations have been searched)

#7 (stability quotient values) (Word variations have been searched)
#8 (Primary stability) (Word variations have been searched)

#9 (secondary stability) (Word variations have been searched)

#10 (Osstell) (Word variations have been searched)

#11 (resonance frequency analysis) (Word variations have been searched)
#12 #5 or #6 OR #7 or #8 or #9 OR #10 or #11

#13 MeSH descriptor: [Biocompatible Materials] explode all trees
#14 (Biocompatible Materials) (Word variations have been searched)
#15 MeSH descriptor: [Bone Transplantation] explode all trees

#16 (Bone Transplantation) (Word variations have been searched)
#17 MeSH descriptor: [Heterografts] explode all trees

#18 (heterografts) (Word variations have been searched)

#19 (Xenograft) (Word variations have been searched)

#20 (bone graft) (Word variations have been searched)

#21 (Alloplastic grafts) (Word variations have been searched)

#22 #13 or #14 OR #15 or #16 or #17 OR #18 or #19 or #20 OR #21
#23 #4 AND #12 AND #22

Pubmed ((((((((dental implantsfMeSH Terms]) OR (dental implants[Text Word])) OR 296
(dental implant*[Text Word])) OR (Implant*, Dental[Text Word]))) AND
((((((((((Biocompatible  MaterialsfMeSH  Terms]) OR  (Biocompatible
Materials[Text Word])) OR (Bone Transplantation[MeSH Terms])) OR (Bone
Transplantation[Text Word])) OR  (heterograftsiMeSH Terms])) OR
(Heterografts|[Text Word])) OR (Xenograft[Text Word])) OR (bone graft[Text
Word])) OR (Alloplastic grafts[Text Word]))))) AND ((((((((implant stability
quotient[Text Word]) OR (ISQ[Text Word])) OR (stability quotient values[Text
Word])) OR (Primary stability[Text Word])) OR (SECONDARY
STABILITY[Text Word])) OR (Osstell[Text Word])) OR (“resonance frequency
analysis"[ Text Word]))

Embase (‘tooth implant'/exp OR 'dental implants":ab,ti) AND (‘biomaterial/exp OR 'bone 105
transplantation'/exp OR "xenograft'/exp OR 'bone graft':ab,ti OR (alloplastic AND
grafts)) AND ('implant stability quotient' OR isq OR (primary AND stability) OR
(secondary AND stability) OR 'osstell’ OR 'resonance frequency analysis’) AND
[embase]/lim

LILACS (mh:(("Implantes Dentérios” OR "Dental Implants” OR "Implantes Dentales"))) 5
AND (mh:(("Materiais Biocompativeis" OR "Biocompatible Materials" OR
"Materiales Biocompatibles” OR "Bone Transplantation))) AND ((isq OR
"implant stability quotient” OR "Quociente de Estabilidade do implante” OR
"Primary stability" OR "Estabilidade priméaria” OR "Secondary stability” OR
"estabilidade secundaria” OR osstell OR "resonance frequency analysis” OR
"andlise de frequéncia de ressonancia")) AND ( db:("LILACS"))

TOTAL 512




Table 2. General characteristics of included studies

Author Country Design Number of Agelyears/ Implant Trademark Biomaterial Association ~ Grafted Time to control
Year Study Patients average biomaterial/ classification area 1SQ
(F:M) origin
Dottore et . ECA . OsteoGen®, . . TO=placement
all2 Brazil Split Mouth 11 (8:3) 54.2 44 USA Alloplastic jaw T1=6 months
: : large - 12 : TO=placement
Dos Anjos et . ECA Split . 48,34(30-65) Bio-Oss® .
Al Brazil Mouth 10 (6:4) small - 13 Switzerland Xenograft Maxilla  T1=6 months
: 45.06 +14.5 TO= placement
Dursun et al.** Turkey ECA Split 15 (8:7) (35-56) 66 Apatos Xenograft - Maxilla
Mouth Italy
Autogeno: TO= placement
59.53 +7.66 . ;
Pang et al.*® South ECA 24 (11:13) BioOss: 60.56 33 BI_O Oss® Xenograft - Mailla/
Korea £10.49 Switzerland Jaw
. Autogenous TO= placement
Mordenfeld et ECA . 56 (37-70) Bio-Oss® . -
al 16 Sweden Split Mouth 13 (6:7) 71 Switzerland Xenograft particulate Jaw T1=3 meses
bone
BioOss-47 Bio-Oss® TO= placement
Ohetall? South ECA Split 58 (25:33) 54.3(20-69)  Osteon Ill-  Switzerland / XenograftSintetic Maxilla  T1=6 months
Korea Mouth 52 Osteon 111
South Korea
Chandra; Siloss® TO= placement
Shivateja; India ECNA 34 (17:17) 32.6 £10.26 NR AzureBio, Alloplastic PRF Maxila
Reddy*® Spanish
: ; 54.17 £6.95 : TO= placement
Pichotano et . ECA Splith Bio-Oss® .
Brazil 12 (6: 43- . Xenograft L-PRF Maxill =
al.’® 2 Mouth (6:6) (43-63) 38 Switzerland enogra aatia T1=6 meses
Bio-Oss® TO= placement
20 . R
Santos et al. Portugal ECA 52 (31:21) 28 a 88 anos 66 Switzerland Xenograft NR T1= 2 months

Subtitle NR= No related ;F=Female;M=Man;ECA= randomized control study;
ECNA= non-randomized control study ; T1-time secondary stability; TO- time primary stability
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Table 3. Risk of Bias of randomized clinical trials (ROB2)

Studies Randomization  Deviations Missing Measurement  Selection of  General
Process from the outcome of Outcomes reported
intended data results

interventions

Dottore et al.'2 AP AP ER ER ER AP
Dos Anjos et al.'3 AP ER ER ER BER AP
Dursun et al.1¢ BR AP BR BR BR AP
Pang et al.’s AP AP AP BR BR AP
Mordenfeld et al.26 AP AP AP ER ER AP
Ohetal. Y’ AP BR ER ER ER AP
Pichotano et al.18 AP ER ER ER BR AP
santos et al? BR BR BR BR BR BR
AP:Some problems; .: Low risk
Tabela 4. Risk of Bias of non- randomized clinical trials ROBINS-I
Dominios Chandra, Shivateja, Reddy*®
Confundimento Grave*
. . Grave*
Selection of participant
. . Grave*
Measurement of the intervention
. o Grave*
Intervention attribution
*
Losses Grave
Measurement of outcomes Grave™
Selective outcome reporting Non information
General risk of bias Grave

* The study is good for a non-randomized study in this domain, but cannot be considered comparable to a well-
run randomized study.



Table 5. Results of included studies

Author / year ;gﬁ:;gﬁgl(/ Bion_”lz?lter.ial Grafted TirT1e to install Primary stability/ To Secondary stability / T1 Failure implants
origin classification area implants 1SQ at placement 1SQ at uncovery
Dottore OsteoGen®, Alloplastic Jaw 6 months 76 (1C95%: 69-88)  Placement HA- 75(1C95%: 68- 6 months 2
etal.? USA 85)
Dos Anjos Bio-Oss® Xenograft Maxilla 8 months Bio-Oss® small Placement BioOss® small 6 months 0
etal.’® Switzerland 62.9 + 6.8 Bio- 635+54
small / large Oss® large BioOss® large
59.7+7.6 621+74
Dursun Apatos® Xenograft Maxilla 6 months Apatos® Placement ~  —eeeeeeem e 0
etal.™ Italy 7229 =250
Apatos® + PTG
72.67 +1.69
Pang et al.’® Bio-Oss® Xenograft Maxilla 6 months 70 +£12.86 Placement om0 e 3
Switzerland Jaw
Ohetal.’’ Bio-Oss® Xenograft Maxilla 6 months Bio-Oss® Placement BioOss® 6 months 0
switzerland Alloplastic 67.9+6.8 73979
Osteon 1I® Osteon I® Osteon I®
South Koreal 70.2+£9.2 752+53
Mordenfeld Bio-Oss® Xenograft Maxilla 8 months Bio-Oss®:Autog Placement BioOss®:Autog 3 months 2
et al.’® Switzerland Jaw 90:10 90:10
64.0 +10.9 73.4 +68.7
60:40 60:40
65.8 +10.4 741+83
Chandra; SilOss® Alloplastic Maxilla 6 months 45.02 £ 6.33 Placement . . 1
Shivateja; spanish
Reddy?®
Pichotano Bio-Oss® Xenograft Maxilla Control Bio-Oss® Placement BioOss® 6 months 0
etal.’® Switzerland 8 months 75.13 £ 5.69 75.75 £ 6.14
Test Bio-Oss® + PRF BioOss® + PRF
4 months 60.9 +9.35 76.08 +5.86
Santos Bio-Oss® Xenograft NR 6 months 77.1+5.9 Placement 81.8+3.8 2 months 0
etal® Switzerland

Legenda: NR= not repported; MDM= mineralized dentin matrix; BR = Bone Ring; AFG=autologous fibrine; T1-secundary stability; TO- primary stability.
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4 CONSIDERACOES FINAIS

O numero de fatores que modulam os dados de medicao do ISQ € de extrema
utilidade para investigacdes experimentais, desenhos experimentais e ensaios
clinicos.

Para o cirurgido dentista que necessita de um feedback rapido e confiavel de
tais medicOes para avaliacdo clinica da previsibilidade e do resultado da estabilidade
do implante como também para informacfes do paciente, ainda é necesséaria uma
abordagem simples e rapida que forneca essas informagdes no local.

A mensuracédo da estabilidade do implante € de extrema importancia para se
prever possiveis insucessos durante a reabilitacdo. A partir do momento que se tem o
conhecimento que determinado biomaterial ou associagdo pode proporcionar uma
maior estabilidade do implante, faz com que o operador possa mudar o planejamento

de seus casos
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ANEXO A - Fichamento dos estudos incluidos

Dottore et al. (2014)

Tipo de estudo

ECA — Boca dividida

Métodos

. Este estudo incluiu 11 pacientes mandibulares parcialmente desdentados
bilateralmente em um design de boca dividida.

As osteotomias de aumento alveolar foram realizadas bilateralmente com enxerto
ncHA interposicional (grupo teste) ou enxerto 4sseo autdgeno intraoral
interposicional (grupo controle). Apés 6 meses de cicatrizagdo, quatro implantes
(dois implantes em cada lado) foram colocados em cada paciente. Quarenta e
quatro implantes foram inseridos e carregados ap6s um periodo de cicatrizagdo
de 6 meses. Com 1 ano acompanhamento, parametros radiogréaficos, protéticos
e de andlise de frequéncia de ressonancia foram avaliados. Critérios de sucesso
incluidos auséncia de dor, sensibilidade, supuracdo e mobilidade do implante;
auséncia de radiolucéncia peri-implantar continua; e distancia entre o ombro do
implante e o primeiro contato 6sseo visivel (DIB) <2 mm

Participantes

Pacientes apresentando rebordo atréfico (areas de pré-molares e molares) em
mandibula (5 a 7mm de altura 6ssea acima do canal mandibular) e maxila (4 a
6mm abaixo do seio maxilar)

Intervencgéao ncHA
Comparacgéo hidroxiapatita sintética vs 0sso autogeno
Seguimento 12 meses
Resultados 76 (1C95%: 69-88 estabilidade priméria

HA- 75(1C95%: 68-85 estabilidade secundéria
Conclusbes Resultados semelhantes

Dos Anjos et al. (2016)

Tipo de estudo

RCT — Boca dividida

Métodos

10 pacientes parcialmente desdentados que necessitam de levantamento de
seio maxilar bilateral e com altura residual de 2 a 4mm. Apos realizada o
procedimento de levantamento de seio maxilar (de um lado particulas grandes e
de outro particulas de tamanho pequeno do biomaterial Bio- Oss/Switzerland).
Apb6s 8 meses do enxerto realizado, 25 implantes foram instalados nas areas
designadas. A andlise de estabilidade foi realizada imediatamente apos a
instalacao dos implantes e 6 meses depois.

Participantes

Pacientes parcialmente desdentados com necessidade de levantamento de seio
bilateral

Intervencao Tamanho de particulas
Comparagéao Particulas grandes e pequenas de Bio Oss
Seguimento 12 meses
Resultados TO (62.9 6.8) T1 (63.5 5.4) pequenas particulas
TO (59.7 7.6) T1 (62.1 7.4) grandes particulas
Conclusbes O tamanho néo das particulas de Bio-Oss nao influenciam no ISQ dos implantes

instalados em areas de levantamento de seio maxilar.
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Dursun et al. (2016)

Tipo de estudo

ECA — Boca dividida

Métodos

15 pacientes que necessitam de levantamento de seio maxilar bilateral usando
xenoenxerto e xenoenxerto +PTG.

ApOs uma média de 8,4 meses, 30 biopsias 6sseas foram realizadass de onde
se instalou os implantes.Os valores dos quocientes foram registrados na linha de
base e 3 meses de acompanhamento.

Participantes

Necessidade de levantamento bilateral

Intervencgéo PTG
Comparacéo Xenoenxerto vs xenoenxerto + PTG
Seguimento 12 meses
Resultados Apatos®
72.29 *2.50
Apatos® + PTG
72.67 £1.69

Conclusdes

N&o ha diferengas significativas entre os grupos

Pang et al. (2017)

Tipo de estudo

ECA -

Métodos

Um total de 33 locais de enxerto em 24 pacientes foram incluidos neste estudo.
AutoBT foi usado em 21 locais de 15 pacientes e Bio-Oss foi usado em 12 locais
de 9 pacientes para 0sso alveolar aumento 2-4 semanas apds a extragdo
dentéria. A dimenséo vertical do osso enxertado foi medida tanto no momento da
colocacgédo do enxerto quanto na colocacéo do implante apds 6 meses. Trefina
nacleos foram colhidos para as avaliacdes histomorfométricas durante a
colocacdo do implante quando factivel. A estabilidade primaria da fixacdo do
implante também foi medida.

Participantes

Pacientes que necessitam de exodontia e preservacéo alveolar

Intervencgéo Bio-Oss

Comparacao Autégeno vs Bio-Oss

Seguimento 6 meses

Resultados ISQ primario 70 + 12.86

Conclusdes Matriz de dentina desmineralizada autégena de dente extraido enxertado até a

extragdosoquetes para o aumento da dimenséo vertical foi tdo eficaz quanto o
aumento usando 0sso bovino inorgénico. Ambos o0s grupos mostraram
cicatrizacéo favoravel da ferida, quantidade semelhante de implante estabilidade
e confirmou histologicamente a formac¢@o de novo osso. Assim, os resultados
deste estudo sugerem que o0 material de enxerto de dente autdégeno é uma opc¢ao
viavel para o aumento do 0sso alveolar apds extracéo dentéaria
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Monderfeld et al.

(2017)

Tipo de estudo

ECA — Boca dividida

Métodos

Treze pacientes foram incluidos em uma boca dividida.

mistura de enxerto de 90:10 (DPBB:AB) de um lado e 60:40 (DPBB:

AB) no lado contralateral. As alterac8es na largura do enxerto foram medidas em
exames de CBCT em diferentes pontos de tempo. A sobrevivéncia do implante e
as taxas de sucesso foram calculadas. Andlise de frequéncia de ressonancia e
medicdes 6sseas marginais foram realizadas apés 2 anos de carga.

Participantes

Pacientes apresentando rebordo atréfico (areas de pré-molares e molares) em
mandibula (5 a 7mm de altura 6ssea acima do canal mandibular) e maxila (4 a
6mm abaixo do seio maxilar)

Intervencao

Proporcédo autdgeno e biomaterial

Comparacgéo

90:10 vs 60:40

Seguimento

24 meses

Resultados

Bio-Oss®: Autog
90:10

64.0 £10.9
60:40
65.8+10.4

Bio-Oss®: Autog
90:10

73.4 +68.7
60:40

74.1+8.3

Conclusdes

As 2 modalidades de tratamento podem ser usadas com sucesso para aumento
do rebordo lateral e apresentou bons resultados clinicos apds 2 anos de carga.
No entanto, RCTs de longo prazo séo necessarios antes que as conclusoes finais
possam ser fornecidas sobre este tépico especifico.

Oh et al. (2019)

Tipo de estudo

ECA- boca dividida

Métodos

Levantamento de seio maxilar com biomaterial sintético (Osteon Ill) e biomaterial
xenégeno (Bio-0Oss)

Participantes

18 a 70 anos com necessidade de levantamento de seio maxilar

Intervencgéo Osteonlll
Comparacgéo Bioss vs Osteon Il
Seguimento 6 meses
Resultados 67.9+- 6.8(Bio Oss) 70.2+-9.2( Osteon)=t0
73.9+- 7.9(Bio Oss) 75.2+-5.3( Osteon= t1
Conclusbes Com as limita¢des dos estudos os resultados se apresentam semelhantes.
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Chandra, Shivateja e Reddy (2019)

Tipo de estudo

ECNA - boca dividida

Métodos

Os individuos (n = 34) que necessitaram de extra¢do de um Unico incisivo ou pré-
molar em alvéolo tipo Il foram segregados em dois grupos: BR e AFG.
Transplante de anel 6sseo autdégeno e cola de fibrina autéloga com enxerto 6sseo
particulado (0sso pegajoso) foram usados em individuos sob os grupos BR e
AFG, respectivamente, para aumento do alvéolo. Ap6s 6 meses, a preparagao
da osteotomia foi realizada e os implantes foram colocados em todos os
individuos. As eficacias de ambos os procedimentos foram comparadas através
da avaliacdo de medidas de densidade Gssea, altura da placa vestibular/lingual,
leituras do quociente de estabilidade do implante (ISQ) e volumes de tecido
mineralizado.

Participantes

Pacientes apresentando rebordo atréfico (areas de pré-molares e molares) em
mandibula (5 a 6mm de altura 6ssea acima do canal mandibular) e maxila (4 a
5mm abaixo do seio maxilar)

Intervencgéo Implante 4mm
Comparacgéo Implante 28,5mm + enxerto
Seguimento 6 meses

Resultados .45.02 £6.33
Conclusbes Resultados semelhantes

Pichotano et al. (2019)

Tipo de estudo

ECA- boca dividida

Métodos

Doze pacientes necessitando de aumento bilateral do seio maxilar em dois
estagios foram inscritos no estudo. As cavidades sinusais elevadas foram
enxertadas aleatoriamente com DBBM + L-PRF (teste) ou DBBM sozinho
(controle) em um projeto de boca dividida. Os implantes foram colocados nos
locais aumentados apds 4 meses no grupo teste e 8 meses no grupo controle.
As bidpsias Osseas foram coletadas durante a colocagdo do implante para
avaliacdo histomorfométrica. A analise de frequéncia de ressonancia foi realizada
imediatamente apds a colocacéo do implante e no carregamento do implante em
ambos os grupos. Feixe cdnico tomografia computadorizada foi obtida no pré e
pos-operatorio para avaliagdo das alteragdes do volume do enxerto.

Participantes

Bilateral aumento de seio maxilar

Intervencgao PRF

Comparagéo DBBM vs DBBM + PRF
Seguimento 8 meses

Resultados ISQ primario Bio-Oss®

75.13 +5.69
Bio-Oss® + PRF
60.9 + 9.35

Bio-Oss®
75.75 +6.14
BioOss® + PRF
76.08 + 5.86
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Conclusoes

A adicdo de L-PRF ao DBBM no seio maxilar permitiu o implante precoce
colocacédo (4 meses) com maior formacédo de osso novo do que DBBM sozinho
apos 8 meses de cura.

Santos et al. (2021)

Tipo de estudo

ECA

Métodos

De marco de 2018 a julho de 2020, pacientes que necessitam de preservacédo do
rebordo em preparacdo para colocagdo tardia de implantes em locais pos-
extracdo foram incluidos. Os participantes foram alocados aleatoriamente ao
grupo teste (MDM) ou controle (granulos de xenoenxerto) antes da preservagao
do rebordo. Seis meses apds a preservacao nucleos de trefina foram colhidos
para histomorfometria antes da colocacdo do implante. Os implantes foram entéo
colocados e a estabilidade do implante foi medida imediatamente, bem como dois
meses apos a colocacdo. Osso marginal perda e presenca de mucosite/peri-
implantite foram registrados até 18 meses apos a carga protética

Participantes

Necessidade de preservacgéo alveolar

Intervencéao Dentina mineralizada
Comparacao MDM vs Xenoenxerto granulado
Seguimento 18 meses
Resultados 77.1x5.9

81.8+3.8

Conclusbes

Implantes colocados em locais preservados com MDM tiveram estabilidade
priméria semelhante em comparacdo comgranulos de xenoenxerto. O MDM
apresentou uma quantidade significativamente maior de osso neoformado e
menor quantidade deenxerto residual nos resultados de histomorfometria e
resultados clinicos e relacionados aos pacientes iguais.
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