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RESUMO

A avaliagéo da condicao perimplantar e periodontal pode ser regularmente realizada
por meio de parametros clinicos e radiograficos. Os objetivos do presente estudo
foram avaliar e correlacionar parametros clinicos perimplantares e periodontais, e a
expressdo da metaloproteinase de matriz 8 (MMP-8) em sitios perimplantares e
periodontais de implantes e dentes homologos assim com entre implantes com
conexao externa (HE) e interna (HI). Foram selecionados 47 pacientes que néo
apresentavam doenca perimplantar ou periodontite, nestes foram avaliados 79
implantes (48 HE; 31 HI) com prétese instalada ha pelo menos 6 meses, e 79
dentes. A profundidade de sondagem (PS), faixa de mucosa ceratinizada (FMC) e
espessura da mucosa ceratinizada (EMC) foram avaliadas. O fluido crevicular
perimplantar e o gengival foram coletados e quantificados (Periotron®), e nestes a
expressado da MMP-8 foi avaliada (ELISA). A PS dos implantes foi significativamente
superior a dos dentes, e a FMC significativamente inferior. A concentracdo da MMP-
8 em implantes foi significativamente superior a dos dentes. Correlacbes entre a
expressdo da MMP-8 e a PS, FMC, EMC em implantes e dentes, assim como em
HE e HI ndo foram observadas. A frequéncia da distribuicdo de FMC e EMC em
faixas especificas, assim como da expressdo da MMP-8 nestas faixas néo revelou
diferencas significativas entre implantes e dentes, assim como entre HE e HI. Uma
significativa correlacdo negativa entre o volume dos fluidos perimplantares e
gengivais com a expressdao da MMP-8 foi observada em implantes e dentes, assim
como em HE e HI. A maior PS (2 mm) e menor FMC (2 mm) observada nos
implantes possui pequeno significado clinico. A maior expressdo da MMP-8 nos
implantes ndo foi associada aos parametros avaliados. Portanto, implantes e dentes
clinicamente saudaveis, assim como implantes com diferentes plataformas

apresentam parametros clinicos similares assim como concentracao de MMP-8.

Palavras-chave: Implantes. Parametros clinicos. Fluido crevicular. MMP-8.



ABSTRACT

The evaluation of the perimplantar and periodontal condition can be regularly
performed by means of clinical and radiographic parameters. The present study
aimed to evaluate and correlate the perimplantar and periodontal clinical parameters
and the matrix metalloproteinase-8 (MMP-8) expression in perimplantar and
periodontal sites of implant and homologous teeth, as well as between external
hexagon (EH) and internal hexagon (IH) implants. This study selected 47 patients
who presented no perimplantar disease or periodontitis. In these 47 patients, 79
dental implants (48 EH, 31 IH), in which the prosthesis had been installed at least six
months prior, and 79 HT were evaluated. The probing depth (PD), width of
keratinized mucosa (WKM), and thickness of keratinized mucosa (TKM) were
evaluated. The perimplantar and gingival crevicular fluid were collected and
guantified (Periotron®), and in these, the MMP-8 expression was evaluated (ELISA).
The PD of the implants was significantly higher than that of the HT, while the WKM
was significantly lower. The concentration of the MMP-8 in the implants was
significantly higher than those of the HT. Correlations between the MMP-8
expression and the PD, WKM, and TKM in the dental implants and the HT, as well as
in the EH and IH, were be observed. The distribution rate of the WKM and TKM in
specific categories, as well as the MMP-8 expression in these same categories,
presented no statistically significant differences among the HT, nor between the EH
and IH. One significant negative correlation between the perimplantar and gingival
fluids and the MMP-8 expression was observed in the dental implants and HT, as
well as in the EH and IH. The largest PD (2 mm) and the smallest WKM (2 mm)
observed in the dental implants showed little clinical significance. The higher MMP-8
expression in the dental implants proved not to be associated with the evaluated
parameters. Therefore, the dental implants and the clinically healthy HT, as well as
the dental implants with different platforms and the MMP-8 concentration, presented

similar clinical parameters.

Keywords: Dental implants. Clinical parameters. Crevicular fluid. MMP-8.
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HE — Hexagono Externo

HI — Hexagono Interno
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1 INTRODUCAO

A disseminacéo da implantodontia aumentou também o indice de insucesso,
que de acordo com o relatério do Consenso do Sexto Workshop Europeu em
Periodontia, esta relacionado a presenca da doenca perimplantar. A mucosite
perimplantar (inflamacdo restrita a mucosa perimplantar) é relatada em 80% dos
individuos com implantes, e a perimplantite (inflamacao perimplantar com perda
Ossea adicional) em até 56% dos casos (MONTES et al., 2009).

A periodontite € uma doenca de etiologia bacteriana, decorrente de um
desequilibrio entre a agressao provocada pelos microrganismos e a resposta da
defesa do hospedeiro. Este desequilibrio € provocado pela exacerbacéao da resposta
inflamatoria e imunologica, frente a acdo dos microorganismos presente no biofilme
dental. O biofilme aderido a superficie do dente ativa uma reacdo inflamatéria
intensa, gerando uma degradacédo da matriz extracelular levando a reabsorcado do
osso alveolar (BAKER, 2000; KINANE et al., 2001).

A perimplantite é provocada pela presenca de reacdes inflamatorias que
afetam os tecidos perimplantares. Os sinais variam desde uma inflamacao restrita a
mucosa ao redor dos implantes até sangramento a sondagem, supuracdo, perda
insercdo avaliada clinicamente, e perda O0ssea em formato de taca observada
radiograficamente (MOMBELLI, 1999).

O desenvolvimento de analises imunoldgico e diagndostico microbiolégico
auxilia no exame mais detalhado da composicdo do biofilme bacteriano supra e
subgengival, e para uma avaliacdo mais eficaz do efeito das terapias periodontais e
perimplantares (GRABER et al., 1999; BOOTH; LEHNER, 1997).

Os biomarcadores sdo uma ferramenta no auxilio de diagnéstico da doenca
periodontal e perimplantar. Os biomarcadores presente na saliva e no fluido
crevicular gengival sdo indicadores da saude fisiolégica, do processo patogénico e
da resposta do individuo.

Na resposta inflamatdria dos tecidos periodontais e perimplantares
apresentam citocinas como a prostaglandina E2 (PGE2), interleucinas (IL)- 1B, IL6 e
fator de necrose tumoral (TNF), que séo liberados pelo epitélio juncional das células
como os fibroblastos, macréfagos e polimorfonucleares (PMN). As enzimas como
metaloproteinase de matriz (MMP-8, MMP-9 e MMP-13), sédo produzidas pelos PMN
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e osteoclastos levando a degradacdo do colageno e do osso alveolar (TABA
JUNIOR et al., 2005).

Mediadores presentes no fluido crevicular funcionam como indicadores da
presenca de bactérias Gram-negativas ativando os macréfagos que liberam
citocinas e mediadores inflamatorios, que estimulam células osteoclasticas
resultando em perda 6ssea (NGUYEN et al., 1991; RASMUSSEN et al., 2000).

A resposta imunolégica € diferente entre o tecido perimplantar e o tecido
periodontal, principalmente na producdo de algumas citocinas que induzem a
degranulacdo de neutrdéfilos, e a liberacdo de colagenase tipo 2 e de matriz de
metaloproteinase 8 (MMP-8) (SORSA et al., 1999).

As enzimas metaloproteinase de matriz (MMP) s&do enzimas proteicas
responsaveis pela degradacdo e remodelacdo tecidual encontradas com maior
prevaléncia no fluido crevicular gengival (FGC) e em sitios com doenca periodontal.
A MMP-8 inicia a degradacdo do colageno Tipo I, que é o mais encontrado nos
tecidos periodontais. Estudos demostram que a MMP-8 é a principal colagenase
intersticial no FGC em periodontite crbénica, e no fluido sulcular periimplantar em
perimplantite (SORSA et al., 1999).

A expressao e a atividade da enzima metaloproteinase 8 (MMP-8) é baixa ou
limitada nos sitios periodontais e perimplantares saudaveis. Entretanto, em varias
condicBes patologicas podem ocorrer o aumento significante da MMP-8 ocasionando
uma destruicdo tecidual, processos inflamatérios, crescimentos tumorais e
metastase (SORSA et al.,2004). Alguns estudos tém demostrado que a MMP-8 e a
colagenase tipo 2 sdo as mais prevalentes sendo encontradas em elevadas
concentracfes na doenca periodontal (SORSA et al., 2004).

Com a utilizacdo dos implantes na reabilitacdo das areas edéntulas, ocorreu a
necessidade de desenvolver estudos para analisar os marcadores bioquimicos da
inflamacdo utilizando o fluido crevicular perimplantar como uma ferramenta
contemporanea de diagnostico de salde ou ndo da regido, assim como dos
parametros clinicos para estabelecer os riscos de destruicdo perimplantar nos

sistemas de conexao externa e interna.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar e correlacionar parametros clinicos perimplantares e periodontais, e a
expressdo da MMP-8 em sitios perimplantares com conexao externa e conexao

interna e periodontais homologos.

2.2 Objetivos especificos

a) comparar os parametros clinicos profundidade de sondagem (PS), faixa da
mucosa ceratinizada (FMC), espessura da mucosa ceratinizada (EMC) e
volume do fluido crevicular (VFC) de implantes e dentes homodlogos, assim
como entre implantes com sistema de conexao externa (hexagono externo) e
conexao interna (hexagono interno e cone morse);

b) comparar os niveis da enzima MMP-8 de sitios perimplantares e periodontais
homélogos, assim como entre implantes com sistema de conexao externa e
interna;

c) avaliar possiveis correlacbes entre PS, FMC, EMC e VFC em implantes e
dentes homélogos, assim como entre implantes com sistema de conexao

externa e conexao interna com os niveis da MMP-8.
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3 ARTIGO

Andlise de parametros clinicos e da expressdo da mmp8 em implantes e

dentes homadlogos

Artigo foi formatado de acordo com as normas de publicacdo do periddico:
Clinical Oral Implants Research (Qualis: A2).

Normas para submissdo de artigos podem ser visualizadas no endereco
eletronico: http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1600-0501/issues.
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Abstract

Background: The evaluation of the perimplantar and periodontal condition can be
regularly performed by means of clinical and radiographic parameters. The present
study sought to evaluate and correlate the perimplantar and periodontal parameters
and the metalloproteinasis-8 (MMP-8) matrix in perimplant and homologous
periodontal sites (HT) as well as in external hexagonal (EH) and internal hexagonal
(IH) implants. Materials and Methods: Forty-seven patients without perimplantar
disease or periodontitis were selected for this study. Of these 47 patients, 79
implants (48 EH, 31 IH), with prosthesis installed for at least six months, and 79 HT
were evaluated. The probing depth (PD), width of keratinized mucosa (WKM), and
thickness of keratinized mucosa (TKM) were evaluated. The perimplantar and
gingival crevicular fluids were collected and quantified (Periotron®) and the MMP-8
expression was evaluated (ELISA). Results: The PD of the implants was significantly
higher than that of the HT, while the WKM was significantly lower. The concentration
of MMP-8 in the implants was significantly higher than that of the HT. Correlations
between the MMP-8 expression and the PD, WKM, and TKM in the implants and the
HT, as well as in the EH and IH, could be observed. The distribution rate of the WKM
and TKM as well as the MMP-8 expression in specific categories, presented no
statistically significant differences between implants and HT nor between EH and IH.
One significant negative correlation between the perimplantar and gingival fluids and
the MMP-8 expression was observed in implants and HT, as well as in EH and IH.
Conclusion: The largest PD and the smallest WKM observed in implants show little
clinical significance. The higher MMP-8 expression in implants proved not to be
associated with the evaluated parameters. Therefore, implants with different

platforms and HT were clinically healthy in this study.

Key words: dental implants, clinical parameters, crevicular fluid, MMP-8
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Introduction

Evaluations of probing depth (PD), bleeding upon probing (BP), and clinical
attachment level (CAL) are commonly used in the re-evaluation of dental implants,
considering that they enable the evaluation of the presence of health or disease in
perimplantar tissues (Heitz-Mayfield, 2008).

The development of immunological and molecular biology techniques have
provided support for detailed exams in the composition of bacterial biofilm, as well as
the evaluation of implemented periodontal and perimplantar therapies (Booth &
Lehner, 1997; Kinane, 2000; Taba Junior et al., 2005; Graber et al., 1999). Biofilm
attached to the surface of the tooth, activates an intense inflammatory reaction, in
turn generating a degradation of the extracellular matrix, leading to alveolar bone
resorption (Kinane, 2000).

Biomarkers present in the saliva and in the crevicular fluid have been
undergoing evaluation in an attempt to improve the diagnosis of periodontal and
perimplantar conditions. The presence of cytokines, such as prostaglandine E2,
interleukins (IL-1p and IL-6), tumor necrosis factors, as well as matrix
metalloproteinases (MMP-8, MMP-9, and MMP-13) can be identified from the
inflammatory response of the periodontal and perimplantar tissues (Taba Junior et
al., 2005).

The MMPs are enzymes responsible for tissue degradation and repair. In
particular, an increase in the MMP-8 expression and activity in various pathological
conditions which can lead to tissue destruction was previously reported by Sorsa et
al. (2004). MMP-8 initiates the degradation of type | collagen, the most common type
of collagen found in periodontal and perimplantar tissues. Moreover, this enzyme is
the main interstitial collagenase present in the crevicular fluid of individuals with
periodontitis and perimplantitis (Sorsa et al., 1999). It is believed that a better
understanding of how factors influence the pathogenesis of perimplantar and
periodontal diseases could lead to improved new therapeutic proposals.

In the present study, perimplantar connections with EH and IH, periodontal

parameters in HT, and MMP-8 expression were evaluated and correlated.

Materials and methods
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Sample selection

The present study was approved by the Research Ethics Committee of the
Pontific Catholic University of Minas Gerais (PUCMinas) protocol number CAAE
03313512.0.0000.5137.

Initially, 200 patients were examined. Individuals were excluded from this
study if they were smokers, diabetics, immunosuppressed, osteoporotics, pregnant,
HIV positive, had active periodontitis and perimplantitis, were diagnosed with severe
systemic alterations, or had taken antibiotics and/or anti-inflammatory drugs within
the past three months.

Individuals were included if they had received external hexagon (EH), internal
hexagon (IH; Cone Morse) implants with prosthesis installed for at least six months,
as well as a natural tooth in the same position (homologous tooth — HT) in the

opposite arch.

Clinical evaluation

The periodontal and perimplantar exam to diagnose clinically healthy implants
and teeth, without mucositis, perimplantitis, or periodontitis, was performed. The
clinical parameters of PD; width of keratinized mucosa (WKM), thickness of
keratinized mucosa (TKM), volume of crevicular fluid (VCF); implant exposed
threads, mobility and periapical radiographs were evaluated.

The PD was obtained by using a UNC-15 periodontal probe (Hu-Friedy®,
Chicago, IL, USA) in the central-vestibular and central-lingual sites. This probe was
turned mesially and distally around the same sites in the HT and implants, and the
deeper measurement of each side was considered. Measurements > 4mm excluded
the teeth and implants. The BP was evaluated in the same sites in a dichotomous
manner (presence or absence); when present, led to the exclusion of the implant and
the HT. The WKM was measured using a UNC-15 periodontal probe, recording the
distance between the gingival margin and the mucogingival junction in the central
buccal region of the implant or homologous tooth. The TKM was measured in
triplicate in the central buccal portion of the implant or HT using a Periodontal
Caliper® (Digimess, Sao Paulo, SP, Brasil), as previously described by Yared et al.
(2006).
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Samples of Perimplantar Crevicular Fluid (PICF) and Gingival Crevicular Fluid
(GCF)

The clinically visible biofilm was removed, and the collection sites were
isolated with cotton pellets. The gingival tissue was delicately dried with an air blast,
and the PICF and GCF were collected, using strips of absorbent paper filters
(Periopaper®; Oralflow, New York, NY, USA). The paper strips were introduced into
the sulcus until encountering tissue resistance and maintained in the same location
for 30 seconds. Samples that had been visibly contaminated by blood were
discarded, given that the volume of fluid would not be quantified by the Periotron®,
and the sites were reevaluated during a later dental visit. The collected fluid was
evaluated using a Periotron® 8000 (Oralflow, PlainView, New York, NY, USA)
immediately following collections and, in an attempt to reach the highest level of
precision, a polynomial regression on the order of 4 was used to calculate the
obtained volumes, as previously described by Chang & Wennstréom (2013). These

paper strips were placed in Eppendorf tubes and stored at -80°C.

Evaluation of the MMP-8 expression

To determine the MMP-8 concentration in the PICF and GCF samples, 300 pl
of PBS solution with 0.05% bovine serum albumin was added to the tubes containing
absorbent paper strips. The tubes were then shaken and left at rest for 40 minutes at
room temperature. Next, the tubes were centrifuged at 6,000 RPM for 5 minutes and
the strips were removed. The samples were processed using ELISA kits (Human
MMP-8 DuoSet, R&D systems, Minneapolis, MN, USA) to quantify the MMP-8,

following manufacturer instructions.

Statistical analysis

The normality of the data was evaluated using the Kolmogorov-Smirnov or
Shapiro-Wilk tests. The comparison between the two independent samples was
carried out by applying the Mann-Whitney U test and between two paired samples
using the Wilcoxon or Student t test. The correlations between the MMP-8 levels and
the evaluated clinical parameters were tested by applying the Spearman rank
correlation coefficient. The rates were compared by applying Chi-squared or

McNemar tests. The significance level adopted in all of the analyses was of 5% (a =
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0.05) and was analyzed using the IBM SPSS Statistics for Windows (IBM SPSS.
21.0, 2012, Armonk, NY: IBM Corp., USA).

Results

Sample characterization

The variables related to the demographic factors of the participants from the
present study can be observed in Table 1.

The trained and calibrated examiners were categorized according to their
exam responses and a Kappa index (K) was calculated to analyze the agreement
between them in relation to the result of each parameter and each datum. The intra-
and inter-observer agreement obtained ranged from good to excellent (CGk= 1.0 and
TGk=0.79).

Perimplantar and periodontal conditions

The result of the PD, WKM, TKM, and VCF measurements in the implants and
the HT are described in Table 2. The PD of the dental implants was significantly
higher than that of the HT. By contrast, the WKM of the dental implants was
significantly lower than that of the HT. The TKM and VCF presented no statistically
significant differences between the dental implants and the HT. The evaluation of the
MMP-8 concentration in the perimplantar and periodontal crevicular fluid revealed a
statistically significant difference between implants and HT (Fig. 1), given that the
MMP-8 expression in the implants was approximately 29% higher than that observed
in the HT. The coefficients of correlation between the MMP-8 and the PD, WKM,
TKM, and VCF are described in Table 3. A negative correlation between the MMP-8
and the VCF could be observed in the implants and in the HT. No correlation could
be observed between the MMP-8 and the other evaluated parameters. No
statistically significant difference could be observed between the implants and the HT
in the distribution rate of WKM and TKM in specific categories (Table 4). In addition,
the MMP-8 concentration in the perimplantar and periodontal crevicular fluids also
showed no significant differences in the specific categories of WKM and TKM (table
5).

Comparison between the different dental implant platforms
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The result of the PD, WKM, TKM, and VCF measurements in the implants are
described in Table 6. No statistically significant differences regarding the evaluated
clinical parameters could be observed between the two types of dental implant
platforms. The evaluation of the MMP-8 concentration in the perimplantar fluid of the
EH and IH showed no statistically significant differences in the MMP-8 expression
between the different platforms (Fig. 2). The correlation coefficients between the
MMP-8 and the PD, WKM, TKM, and VCF of the EH and IH are described in Table 7.
A negative correlation between the MMP-8 concentration and the VCF could be
observed in both the EH and the IH. No correlation could be observed between the
MMP-8 expression and the other clinical parameters. No statistically significant
difference could be observed in the distribution rates of WKM and TKM in specific
categories when comparing the different implant platforms (Table 8). In addition, the
MMP-8 concentration in the perimplantar fluid of the EH and IH also differed little in
the specific categories of WKM and TKM (Table 9).

Discussion

The sites of the present study presented no perimplantar disease or
periodontitis. The significant differences detected in this study were restricted to a
greater PD and a smaller WKM in implants when compared to the HT. It is important
to note that these, due to the values found and the information reported and
described herein, have not shown clinical impact. The greater MMP-8 expression in
the dental implants proved not to be associated with the evaluated parameters, and
the VCF presented the same pattern in the comparisons made in this study.

The individuals of the present study presented a predominance of female
patients. seeking dental services. aligns with the literature. The larger number of EH
implants in the present sample contrasts with prior studies that demonstrate a
preference for IH implants due to a perception of less bacterial contamination around
the platforms, which could in turn reduce the occurrence of bone loss (Weng et al.,
2011; De la Rosa et al., 2013).

In the present study, the PD of the implants was statistically higher than that of
the HT, while the WKM was statistically lower than that of the HT (Table 2). This
outcome may well be due to the fragility of the perimplantar tissue, as reported by

Machtei et al. (2006) and Parpaiola et al. (2014). Moreover, the question of whether
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or not the WKM is in fact necessary for the maintenance of perimplantar and
periodontal health is controversial, bearing in mind that prior studies have reported
that 2mm or more of WKM is important for maintaining these tissues in good health
(Schrott et al., 2009; Lang & Loe, 1972; Kim et al., 2009; Bouri et al., 2008; Chung et
al., 2006). However, the absence of a sufficient quantity of WKM is not directly
related to the occurrence of greater bone loss (Chung et al.,, 2006; Askin et al.,
2013). To obtain the WKM, a periodontal caliper®, was used as previously described
by Yared et al. (2006). The WKM of the implants and the HT showed no statistically
significant difference (Table 2). This result differs from Chang & Wennstrom, (2013),
who reported a greater gingival thickness in implants. This difference may partly be
the result of the manner in which the measurement was taken, as well as of the
smaller size of the sample in the previous study.

Differences in the volume of the PICF of EH and IH implants and of the GCF
due to the presence of different structures present in these tissues have been
described in prior literature (Lang & Berglundh, 2011; Xu et al., 2008), as has the fact
that the volumes found correlate with the perimplantar and gingival inflammation
(Schierano et al., 2008). No statistically significant differences could be observed in
the VCF of the implants and the HT (Table 2). This finding may have resulted from
the criteria adopted in the present study, which determined that implants and HT
should be clinically healthy.

The evaluation of the MMP-8 concentration in the perimplantar and
periodontal crevicular fluids revealed that the expression of this enzyme was
significantly higher in the implants (Fig. 1). Prior studies have also reported an
increased MMP-8 expression in the perimplantar sites, and even higher levels when
perimplantitis was identified (Sorsa et al., 1999; Xu et al., 2008; Chen et al., 1999;
Teronen et al., 1997). The possible correlation between the evaluated parameters
(PD, WKM, and TKM) and the MMP-8 expression could not be observed in either the
implants or the HT. In contrast, a significant negative correlation (p<0.001), that is, a
greater MMP-8 expression in lower levels of VCF in implants and HT, could be
identified (Table 3). Once again, the absence of the correlations between the PD,
WKM, and TKM, as well as the similarity with VCF, may well be the result of the
heathy clinical condition present in the evaluated implants and HT, which is in
accordance with prior studies in the literature (Schrott et al., 2009; Wennstrom et al.,

1994; Zitzmann et al., 2001; Salvi & Lang, 2004). In this context, an increased
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production of perimplantar and periodontal VCF due to the change in the mucosa,
was correlated with previous clinical parameters (Chaytor et al., 1991). In addition,
the evaluation of the distribution rate of the WKM and TKM in specific categories, as
well as the MMP-8 expression in these categories, showed no statistically significant
differences between the implants and the HT (Table 4; Table 5).

The present study also investigated the evaluation of possible differences
resulting from the presence of the different implant platforms. No statistically
significant differences could be identified between the two different types of implant
platforms and the clinical parameters evaluated (PD, WKM, and TKM; Table 6), as
well as the MMP-8 expression (Fig. 2). Nevertheless, a significant negative
correlation could be observed between the MMP-8 expression and the VCF in EH
(p<0.001) and IH (p=0.017) implants (Table 7). Finally, the evaluation of the
distribution rate of the WKM and TKM in specific categories, as well as the MMP-8
expression in these categories, showed no statistically significant differences
between EH and IH (Table 8; Table 9). Prior studies also reported similar values in
the clinical parameters of the cone morse and IH implants (Zitzmann et al., 2001;
Camacho et al., 2012; Dierens et al., 2012), but no studies correlating the clinical
parameters and the MMP-8 expression in the different types of EH and IH implants

could be found.

Conclusion

The present study is the first to evaluate the possible influence of different
dental implant platforms on an MMP-8. Within the limits of this study, it can be
concluded that implants and clinically healthy HT, as well as implants with different
platforms, present similar clinical parameters. Additional studies are warranted to
improve the comprehension of the origin of the differential MMP-8 expression of

implants when compared to HT.
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List of Tables

Table 1. Sample Characterization

Parameter Observations
Participants 47

Age, average + SD 49.9 + 13.8

Gender Male 14 (29.8%)/Female 33 (70.2%)
Dental Implants/homologous teeth 79/79

Dental implant platform EH 48 (60.8%)/IH 31 (39.2%)

SD - standard deviation; EH: external hexagon implant; IH: internal hexagon implant.



34

Table 2. Perimplantar and periodontal clinical parameters

Parameter Dental Implants  Homologous Teeth p
PD (mm)’ 2.00 + 1.50 1.50 + 1.00 <0.0017
WKM (mm)’ 2.00 + 3.00 3.00 + 3.00 <0.001"
TKM (mm)”~ 0.88+0.33 0.89 +0.30 0.817*
VCF (uL)’ 0.26 +0.24 0.25 + 0.00 0.079"

PD — probing depth; WKM — width of keratinized mucosa; TKM — thickness of keratinized mucosa;

VCF —volume of crevicular fluid.
Values expressed in median * 1IQ; Values expressed in average + SD; T Wilcoxon test; * Paired

sample Student t test.
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Table 3. Correlation between MMP-8 expression and clinical parameters

Parameter MMP-8 (Dental Implants) MMP-8 (Homologous Teeth)
PD 0.05 (p =0.700) -0.04 (p =0.741)
WKM -0.16 (p = 0.232) 0.17 (p = 0.199)
TKM - 0.05 (p = 0.733) 0.01 (p =0.968)
VCF - 0.59 (p < 0.001) -0.71 (p < 0.001)

Spearman rank correlation coefficient; MMP-8: Matrix Metalloproteinase-8; PD — probing depth; WKM
— width of keratinized mucosa; TKM — thickness of keratinized mucosa; VCF — volume of crevicular
fluid.
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Table 4. Distribution of WKM and TKM in dental implants and homologous
teeth.

Parameter Homologous *
Dental Implants Teeth p
WKM
<2mm 33 (41.8%) 24 (30.4%)
=2 mm 0.078
46 (58.2%) 55 (69.6%)
TKM
<1lmm 52 (65.8%) 53 (67.1%) 1.000
21 mm 27 (34.2%) 26 (32.9%) '

}NKM — width of keratinized mucosa; TKM — thickness of keratinized mucosa.
McNemar test.
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Table 5. MMP-8 concentration in specific categories of WKM and TKM

Parameter Dental p-  Homologous N
Implants value Teeth P
WKM
<2mm 15515 +
53971 0,466 9725 + 6892 0256
22 mm 14268 + ' 12637 + '
24924 9495
TKM
<1lmm 14294 +
24228 0674 9725 + 8594 0361
21 mm 13796 + ' 12754 + '
29291 13968

MMP-8: Matrix Metalloproteinase-8; Median + I1Q; WKM — width of keratinized mucosa; TKM —
Ehickness of keratinized mucosa.
Mann-Whitney U test.
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Table 6. Perimplantar clinical parameters

Parameter EH IH p*

PD (mm) 2.00 +£0.50 2.00 £1.50 0.939
WKM (mm) 2.00 + 3.00 2.00 £ 3.00 0.918
TKM (mm) 0.86 +0.33 0.88 £ 0.52 0.721
VCF (uL) 0.26 +0.33 0.30£0.23 0.965

[1Q: Interquartile range; EH: external hexagon implant; IH: internal hexagon implant; PD — probing
depth; WKM — width of keratinized mucosa; TKM — thickness of keratinized mucosa; VCF — volume of
crevicular fluid.

“Mann-Whitney U test.
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Table 7. Correlation between the MMP-8 expression and the clinical parameters
in the different dental implant platforms

Parameter MMP-8 (EH) MMP-8 (IH)

PD 0.08 (p =0.642) 0.07 (p =0.742)
WKM -0.18 (p = 0.277) - 0.04 (p = 0.864)
TKM 0.07 (p =0.674) - 0.24 (p = 0.280)
VCF - 0.62 (p < 0.001) -0.50 (p =0.017)

EH: external hexagon implant; IH: internal hexagon implant; MMP-8: Matrix Metalloproteinase-8; PD —
probing depth; WKM — width of keratinized mucosa; TKM — thickness of keratinized mucosa; VCF —
volume of crevicular fluid.

Spearman rank correlation coefficient.
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Table 8. Distribution of WKM
platforms

and TKM in dental implants

with different

Type of dental implant

Parameter

EH IH P

WKM

<2 mm 20 (41.7%) 13 (41.9%)

=2 mm 0 0 1.000

28 (58.3%) 18 (58.1%)

TKM

<1mm 34 (70.8%) 18 (58.1%) 0.355

>1 mm 14 (29.2%) 13 (41.9%) '

EH: external hexagon implant; IH: internal hexagon implant; WKM — width of keratinized mucosa; TKM

- thickness of keratinized mucosa.
Chi-squared test.
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Table 9. MMP-8 concentration in specific categories of WKM and TKM in the
different dental implant platforms

Parameter EH - IH P,
Median £ 11IQ  value Median £ [IQ  value
WKM
<2mm 21176 12095 +
5 22790 4571 47479 1.000
22 mm 13508 14556 + 8853
35146 -
TKM
<lmm 17308 + 14243 +
25434 10921
=1 mm 12723 + 0.952 14870 + 0.443
34679 15493

MMP-8: Matrix Metalloproteinase-8; EH: external hexagon implant; IH: internal hexagon implant; WKM
— width of keratinized mucosa; TKM — thickness of keratinized mucosa.
Mann-Whitney U test.
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Fig. 1. MMP-8 concentration in the perimplantar and periodontal crevicular fluid
MMP-8: Matrix Metalloproteinase—-8.

"Wilcoxon test.

Values expressed as median = 11Q.
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Fig. 2. MMP-8 concentration in the perimplantar crevicular fluid

MMP-8: Matrix Metalloproteinase-8; EH: external hexagon implant; IH: internal hexagon implant.
Values expressed as median = 11Q.

"Wilcoxon test.
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4 CONSIDERACOES FINAIS

Os resultados deste estudo, na comparagdo entre implantes e dentes
homaologos, mostraram uma maior profundidade de sondagem em implantes e uma
maior faixa de mucosa ceratinizada em DH, e que ndo héa diferencas na espessura
de mucosa ceratinizada entre os volumes de fluido crevicular. Na comparagao entre
implantes com conexdo externa e conexao interna, nao encontramos diferencas
entre os parametros clinicos avaliados, assim como na expressdao da MMP8. Em
condicdes de saude, implantes e dentes homdélogos tem comportamento clinico
similar. Novos estudos serdo necessarios para dimensionar os parametros clinicos
perimplantares em condi¢cdes de saude, mucosite e perimplantite em relagcdo aos

periodontais.
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