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RESUMO

Objetivo: Analisar, por meio de Microscopia Eletronica de Varredura (MEV) e
Energia Dispersiva de Raios-X (EDX), a morfologia de superficie de pinos de fibra de
vidro submetidos a diferentes métodos de desinfeccao de superficie. Método: Vinte
e um pinos de fibra de vidro Exacto® foram divididos de forma aleatdria em sete
grupos experimentais, de acordo com o método de desinfeccéo realizado (n = 3): GC
- sem protocolo de desinfeccdo; GAL - alcool 70% (recomendado pelo fabricante);
GHP - hipoclorito de sédio 2,5% (10 minutos de imersédo); GCL - gluconato de
clorexidina 2% (5 minutos de imersao); GAC - acido fosférico 35% (30 segundos de
condicionamento); GPH - péroxido de hidrogénio 10% (20 minutos de imersao) e
GSL - esterilizacdo em autoclave. Apos a realizacdo dos protocolos de desinfeccgéo,
a topografia superficial dos pinos foi analisada em MEV e a verificacdo dos
elementos quimicos presentes na superficie das amostras foi feita por meio da
analise em EDX. As imagens obtidas por MEV e os dados obtidos por EDX foram
analisados de forma descritiva. Resultados: Na andlise em MEV pode-se observar
gue, em todos 0s grupos, 0s pinos apresentavam areas de fibras cobertas pela
resina epoxi e areas de fibra de vidro exposta. Na analise por EDX pode-se verificar
gue nédo houve diferenca no predominio dos elementos quimicos entre os grupos. O
maior pico foi referente aos elementos carbono (C) e oxigénio (O), seguido de silicio
(Si), zircénio (Zr), sédio (Na), aluminio (Al) e célcio (Ca). Concluséo: Os métodos de
desinfeccdo testados ndo promoveram alteracdes significativas na morfologia de
superficie dos pinos de fibra de vidro.

Palavras-chave: Odontologia Restauradora, Pinos de Fibra de Vidro, Desinfecgéao,

Microscopia Eletronica de Varredura, Raios X por Disperséo de Energia.



ABSTRACT

Objective: To analyze the surface morphology of fiber posts disinfected with different
methods using scanning electron microscopy (SEM) and energy dispersive X-rays
spectroscopy (EDX). Method: Twenty-one Exacto® fiber posts were randomly
divided into seven experimental groups according to the disinfection method used (n
= 3): GC - no disinfection; GAL - 70% alcohol, as recommended by the manufacturer,;
GHP - soaking in 2.5% sodium hypochlorite for 10 min; GCL - soaking in 2%
chlorhexidine gluconate for five min; GAC - 30 s etching with 35% phosphoric acid;
GPH - soaking in 10% hydrogen peroxide for 20 min; and GSL - autoclave
sterilization. After disinfection, the topography of post surfaces was examined using
SEM, and EDX was used to detect chemical elements on sample surfaces. SEM
images and EDX data were analyzed descriptively. Results: SEM analysis revealed
that posts had areas of fibers covered by epoxy resin and areas of exposed glass
fibers in all groups. According to EDX data, there was no difference in the
predominance of chemical elements between groups. The highest peaks were found
for carbon (C) and oxygen (O), followed by silicon (Si), zirconium (Zr), sodium (Na),
aluminum (Al) and calcium (Ca). Conclusion: The disinfection methods tested did
not change the surface morphology of fiber posts significantly.

Keywords: Restorative Dentistry, Fiberglass Post, Disinfection, Scanning Electron

Microscopy, Energy Dispersive X-Rays.
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1. INTRODUCAO

Com o surgimento de novos materiais na Odontologia tem se buscado cada
vez mais procedimentos que preservem a estrutura dentaria e que possibilitem o
restabelecimento dos aspectos funcionais. Desse modo, o objetivo torna-se realizar
um tratamento que seja ndo somente conservador, como também estético e
funcional (Farah et al., 2022).

Em casos de dentes com extensa destruicdo coronaria, a utilizacdo de
retentores intrarradiculares pode proporcionar melhor suporte para a reabilitagdo. Os
pinos de fibra de vidro sdo importantes aliados no reforco de dentes com pouco
remanescente, e ja submetidos ao tratamento endodontico (Silva et al., 2020). Esses
pinos sao feitos de compostos resistentes e flexiveis, oferecendo uma excelente
combinacao de forca e estética. Esses componentes incluem: fibra de vidro, matriz
resinosa, e, posteriormente, uma camada de silano (Feuser et al., 2005).

As fibras de vidro sdo leves, flexiveis e possuem boas propriedades
mecanicas, permitindo uma distribuicdo uniforme das for¢cas mastigatérias. A matriz
polimérica é impregnada entre as fibras, unindo-as e fornecendo coesédo ao pino,
além de permitir boa adesividade entre o material de cimentacéo e o pino de fibra de
vidro. J& o silano tem como fung&@o unir a matriz polimérica e as fibras de vidro,
agindo como uma ponte de ligacdo quimica (Oliveira et al., 2021a; Oliveira et al.,
2021b).

Os pinos de fibra de vidro foram projetados para serem fixados ao dente por
meio de técnicas de adeséo, criando uma unido forte e duradoura, essencial para
garantir a estabilidade e o sucesso da manutencao da estrutura dentaria (Feuser et

al., 2005). Quanto a preparacdo do pino, é essencial que este seja submetido a
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algum protocolo de desinfeccdo para, posteriormente, estar apto ao protocolo de
adesdo. Entdo, apds sua preparacéo, é posicionado e fixado no local adequado. E
importante ressaltar que o processo de desinfeccédo e adesdo pode variar de acordo
com o0s sistemas adesivos e 0s materiais utilizados, assim como as instrucdes
especificas fornecidas pelo fabricante (Leal et al., 2018).

A utilizacao dos pinos de fibra de vidro na Odontologia tem ganhado destaque
devido aos beneficios que proporciona. Além de oferecerem alta resisténcia
mecanica, com modulo de elasticidade semelhante ao da dentina, os pinos de fibra
de vidro tém uma vantagem estética, pois sdo translucidos e se assemelham a cor
natural do dente. Essa caracteristica contribui para um resultado estético mais
harmonioso (WAGNER, 2023).

Segundo Oliveira et al. (2023), nos ultimos anos, diversos estudos e avancos
tém sido realizados para entender e aprimorar ainda mais a adesédo dos pinos de
fibra de vidro, através de suas caracteristicas morfoldégicas. Com isso, objetiva-se
aplicar esses resultados para garantir uma retencdo efetiva e uma longevidade
superior das restauracfes. A pesquisa continua nessa area tem proporcionado
melhores técnicas e materiais, consolidado protocolos “padrdo ouro” e elevado a

gualidade e a confiabilidade desse tipo de tratamento odontoldgico.
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2. OBJETIVOS

Analisar descritivamente, por meio de Microscopia Eletrénica de Varredura
(MEV) e Energia Dispersiva de Raios-X (EDX), a morfologia de superficie dos pinos

submetidos a diferentes métodos de desinfeccao de superficie.
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3. ARTIGO CIENTIFICO

O presente estudo foi submetido a apreciacdo e aprovacdo na Comissao de
Pesquisa (COMPESQ) da Faculdade de Odontologia da Universidade Federal do

Rio Grande do Sul (UFRGS) (Anexo 1).

O artigo cientifico foi traduzido para o idioma inglés por uma tradutora

juramentada (Anexo 2).
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Topographic analysis of fiber posts after surface disinfection with different

methods

Abstract

Objective: To analyze the surface morphology of fiber posts disinfected with different
methods using scanning electron microscopy (SEM) and energy dispersive X-rays
spectroscopy (EDX). Method: Twenty-one Exacto® fiber posts were randomly
divided into seven experimental groups according to the disinfection method used (n
= 3): GC - no disinfection; GAL - 70% alcohol, as recommended by the manufacturer;
GHP - soaking in 2.5% sodium hypochlorite for 10 min; GCL - soaking in 2%
chlorhexidine gluconate for five min; GAC - 30 s etching with 35% phosphoric acid,;
GPH - soaking in 10% hydrogen peroxide for 20 min; and GSL - autoclave
sterilization. After disinfection, the topography of post surfaces was examined using
SEM, and EDX was used to detect chemical elements on sample surfaces. SEM
images and EDX data were analyzed descriptively. Results: SEM analysis revealed
that posts had areas of fibers covered by epoxy resin and areas of exposed glass
fibers in all groups. According to EDX data, there was no difference in the
predominance of chemical elements between groups. The highest peaks were found
for carbon (C) and oxygen (O), followed by silicon (Si), zirconium (Zr), sodium (Na),
aluminum (Al) and calcium (Ca). Conclusion: The disinfection methods tested did
not change the surface morphology of fiber posts significantly.

Keywords: Restorative Dentistry, Fiberglass Post, Disinfection, Scanning Electron

Microscopy, Energy Dispersive X-Rays.
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Introduction

The success of endodontic and restorative treatments depends on several
fundamental factors. In addition to choosing the best material to replace any lost
structure, the material used for decontamination should also be carefully selected
before its insertion into the canal root.

A biosafety protocol should be adopted for the use of intraradicular posts to
ensure that they function effectively and do not recontaminate the root canal and
promote bacterial growth (Ferreira et al., 2006).

Several substances may be used for decontamination of intraradicular posts.
Hydrogen peroxide is a peroxide with a disinfectant activity that induces protein
denaturation and bacterial membrane disruption (Genz et al.,, 2017). Sodium
hypochlorite (Gazzaneo et al., 2019) and chlorhexidine (Zandi et al.,, 2016) are
excellent antimicrobial agents used in endodontic treatments. Alcohol, already used
in the protocol for cleaning pins before cementation, also acts as a bactericidal and
virucidal agent against certain strains (Venturelli et al., 2009). Phosphoric acid, in
contrast, reduces the microbial load on surfaces, but does not eliminate it completely
(Luglié et al. 1998).

Fiber posts have been widely used to restore endodontically treated teeth
(Kadam et al.,, 2013) because they provide good esthetic results, better stress
distribution and adhesion to the tooth structure (Bacchi et al., 2013; Khamverdi et al.,
2011). These posts are composed of a high volume of continuous reinforcement
fibers incorporated into a polymer matrix, usually an epoxy resin matrix (Lassila et al.,
2004). This organic component has a high degree of conversion and a highly
crosslinked structure, which does not react with resinous monomers (Lassila et al.,

2004). Moreover, it remains unclear whether the disinfectants used today may be
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safely used on pins without damaging the integrity of the glass fibers and organic
components.

This study evaluated the surface morphology of posts disinfected with different
methods using scanning electron microscopy (SEM) for a qualitative examination,

and energy-dispersive x-ray spectroscopy (EDX) for a quantitative analysis.

Methods

Sample selection

The sample consisted of 21 #1 prefabricated conical fiber posts (Exacto®,
Angelus Industria de Produtos Odontologico S/A, Londrina, Parana, Brazil) with an
apical diameter of 1.1 mm and a length of 16 mm.

The samples were divided into seven experimental groups (Table 1) using
simple random sampling and a Microsoft Excel spreadsheet (Microsoft, Redmond,
WA) according to surface disinfection method. The sample size for each group was
defined based on the study by Naves et al. (2011), who conducted the same type of
descriptive topographic analysis of fiber posts, but after different surface treatments,
not disinfection.

Table 1 - Table of experimental groups.

Groups n Disinfection Methods
GC 3 no disinfection
GAL 3 70% alcohol
GHP 3 2.5% sodium hypochlorite
GCL 3 2% chlorhexidine gluconate
GAC 3 35% phosphoric acid
GPH 3 10% hydrogen peroxide
GST 3 autoclave sterilization
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The posts in the control group (GC) were not disinfected. The posts in the

alcohol group (GAL) were cleaned with a microbrush (FGM, Joinville, Brazil) and then

soaked in 70% alcohol (LBS Laborasa Industria Farmacéutica Ltda., S&o Paulo,

Brazil) for 20 seconds, according to the manufacturer's recommendation. The

samples in the sterilization group (GST) were put in an sterilization envelope

(Medsteril, Sdo Paulo, Brazil) sealed with a sealer (RSR 2000, Ron, Micromecanica

Ltda., Sado Paulo, Brazil), and then sterilized in a Vitale 12 autoclave (Cristofoli,

Curitiba, Brazil) for a 40-minute cycle at 240° F (126° C) and 20 psi pressure

The surfaces of posts in the GHP, GCL, GAC and GPH groups were

disinfected using the protocols described in table 2.

Table 2 - Methods and protocols used to disinfect the surface of fiber posts.

Group Disinfection Methods Protocol
2.5% sodium hypochlorite
GHP (lodontosul, Industrial Posts were soaked in 10 mL of solution for
Odontoldgica do Sul LTDA, Porto 10 min (Gomes et al., 2005).
Alegre, Brazil)
2% chlorhexidine gluconate
ceL (Maquira Industria de Produtos Posts were soaked in 10 mL of solution for
Odontolégicos S.A., Maringa, 5 min (Subha et al., 2013).
Brazil)
_ _ Gel was applied to the surface of posts
35% phosphoric acid (FGM, _ o
GAC o _ placed in a Petri dish for 30 s (Naves et al.,
Joinville, Brazil)
2011).
_ _ Posts were soaked in 10 mL of solution for
10% hydrogen peroxide (Quimesp ] o
GPH 20 min (Monticelli et al. 2006; Vano et al.,

Quimica, Sao Paulo, Brazil)

2006).
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All post disinfection protocols were performed at room temperature (25 = 1°C).
After disinfection, all posts were rinsed with saline solution for 30 seconds and dried

with an air jet.

Scanning Electron Microscopy

After surface disinfection, the posts were dried, assembled and metal
sputtered according to the protocol recommended by the Microscopy and
Microanalysis Center of the Federal University of Rio Grande do Sul (UFRGS), Porto
Alegre, Brazil.

The scanning electron microscope (Cam Scan MV2300, Electron Optic
Services Inc., Ottawa, Canada) was operated at an increase of 500 times (Braga et
al., 2012) by the technician in charge and in the presence of one of the authors.

The electron micrographs were obtained for three areas of each post,
standardized and pre-established at 2 mm from each end of the post and in its
central region.

All electron micrographs were mounted in a digital file (CD-R Maxell® type
CD-ROM) at the same resolution (600 dpi). The experimental group to which the
image belonged was not included so that the observer was blinded to group
allocation.

The topographic parameters of post surfaces analyzed using SEM were the
same as those adopted in the study by Silva et al. (2019). Morphological changes
were analyzed in the fiber areas covered by epoxy resin and in exposed areas of

glass fibers supported only by the resin of the post itself.
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X-ray energy dispersive spectroscopy

EDX analysis was used to detect the chemical elements on the surface of the
samples. The same microscope, equipped with a model X-ACT secondary electron
detector (EDX, Oxford INCA 350 EDS, Oxford Diffraction, Abingdon, UK) at an
accelerating voltage of 15 kV and exposure to high vacuum (10-5 mbar), was used to
determine the type and amount of each chemical element in the sample (Bonaccorso
et al., 2008).
Data analysis

SEM images and EDX data were analyzed descriptively by a trained and

qualified professional blinded to which disinfection method was used.

Results

The qualitative analysis of post surfaces using SEM (Figure 1) revealed that
the pins in all experimental groups had areas of fibers covered with epoxy resin and

areas of exposed glass fibers. No niches without fibers were visualized.

Figure 1 - SEM photographs of post surfaces in different experimental groups at

500X magnification show areas of epoxy resin () and some areas of exposed fibers

(=)



20



21

The qualitative analysis of EDX data did not find any significant differences in
the predominance of chemical elements between groups (Figure 2). The highest
peaks were found for carbon (C) and oxygen (O), followed by silicon (Si), zirconium

(Zr), sodium (Na), aluminum (Al) and calcium (Ca).

Figure 2 - EDX graph for surface of fiber posts in different experimental groups.

: Group GC

0 0s 1 1.5 2 2.5 3
Full Scale 16600 cts Cursor: 0.000
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0 05 1 15 2 25 3 0 05 1 15 2 25

Full Scale 16600 cts Cursor: 0.000 Full Scale 16600 cts Cursor: 0.000
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Group CL Group AC
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Full Scale 16600 cts Cursor; 0.000
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Full Scale 16600 cts Cursor: 0.000 Full Scale 16600 cts Cursor: 0.000
Discussion

The success of endodontic and restorative treatments is associated with
ensuring the biosafety of the surgical procedure, so that there is no contamination or
compromise of the root canal. At the same time, disinfection protocols applied to the
surface of intraradicular posts should not affect the essential properties and
components of the retainers.

The SEM images in this study showed that the posts in all groups had fibers
covered with epoxy resin and areas of exposed glass fibers. According to the
literature, this is still a factor that may compromise the use of posts. Most fiber posts

are covered with epoxy resin, which has a high degree of conversion and few



23

reactive sites to react with the functional monomers in the resin cements (Lassila et
al., 2004). Posts should receive surface treatments before cementation to improve
micromechanical interactions. According to Yenisey and Kulunk (2008), surface
treatments promote the exposure of fiber areas, creating chemically reactive sites
that promote the bonding of resin compounds, a result that may be seen in samples
that underwent disinfection. Monticelli et al. (2006) analyzed the effect of different
substances on the morphological appearance of fiber post surfaces. They found that
different composites, hydrochloric acid, hydrogen peroxide and sodium ethoxide
promoted superficial degradation of the epoxy matrix and exposed some fibers.
Studies with hydrogen peroxide used on glass fiber posts found that it dissolved the
epoxy resin matrix, exposed the surface of the fibers (Vano et al., 2006), but did not
cause any damage to the post (Menezes et al., 2014).

All disinfection methods require some clinical steps, which increases the
sensitivity of the operative technique and the length of the session to perform this
procedure. The comparisons between the protocols tested in this study revealed that
autoclave sterilization was the most impractical method for the clinical cementation of
an intraradicular post in a single session. The others took shorter times, up to 20 min,
which is expected not to affect visit time substantially.

The possible damage to post integrity that disinfection treatments might cause
by changing glass fibers should also be evaluated. The longevity and biomechanical
behavior of restorations that use intraradicular retainers do not depend only on
mechanical properties, such as hardness and flexural strength of the posts (Soares
et al.,, 2008), but also on factors such as the development of effective bonding
between post, resin and tooth structure (Santos et al., 2010). The bond strength of

fiber posts in the root canal may be measured with several mechanical tests, such as
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the pull-out test (Arlan et al., 2014) and push-out test (Machado et al., 2015).
Weschenfelder et al. (2021) analyzed the effect of different post disinfection methods
on the resistance to displacement of the retainer inside the root canal. They found
that autoclave sterilization and use of 2.5% sodium hypochlorite, 2% chlorhexidine
digluconate, 70% alcohol or 35% phosphoric acid did not affect the resistance to
displacement of cemented intraradicular fiber posts.

EDX found carbon, oxygen, silicon, zirconium, sodium, aluminum and calcium
in the posts in all groups, which should be expected considering the original structure
of the posts. After disinfection, there was no deposition or presence of any chemical
element not already there on the surface of the post, no matter what substance was
used. Carbon and oxygen are part of the cyclic portion of the molecular structure of
the epoxy resin layer (Gonzalez-Benito, 2003; Costa Dantas et al., 2012). Silicon and
aluminum are chemical elements that make up glass fiber (Costa Dantas et al.,
2012). The high silicon percentage shown in the graphs results from the exposure of
areas of glass fibers. Zirconia is also associated with fiber exposure (Petrie; Walker,

2012).

Conclusions

The disinfection methods tested in this study did not change the surface

morphology of fiber posts significantly.
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4. CONCLUSAO

A utilizacdo do pino de fibra de vidro em tratamentos reabilitadores tem se
tornado cada vez mais comum devido as suas propriedades semelhantes a dentina,
ao menor desgaste do remanescente dentario, aos excelentes resultados estéticos e
a simplificacdo das etapas clinicas e laboratoriais. Comprovadamente, esse tipo de
retentor é capaz de proporcionar uma excelente reabilitacdo dentaria (Silva et al.,
2020).

Considerando entéo a relevancia clinica no uso dos pinos de fibra de vidro, é
de suma importancia que o cirurgido-dentista esteja a par das melhores técnicas néo
somente de adesdo e cimentacdo, como também do processo de desinfeccdo dos
retentores. Dessa forma, € possivel aplicar o estudo a fim de obter-se os melhores
resultados, e ter seguranca de qual protocolo estd amparado pelas melhores

evidéncias.
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