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Abstract
Minimally invasive dentistry has been considered the most suitable method of choice in order to prevent and treat
changes in the tooth surface, such as the initial caries lesions, characterized as white spot. This type of conduction
aims to maintain the tooth structure, as long as there is no sign of cavitation on the surface. Thus, in 2009 a material
was created based on monomers and additives denominated resinous infiltrant, which has the function of paralyzing
this white spot lesion acting through diffusion, where the material fills the microporosities. The only material
commercially available is Icon®, which, despite having numerous benefits, has some limitations. Some studies with
experimental material have been developed in order to try to minimize the limitations of commercial material.
Therefore, this literature review aims to address the characteristics, function, application and indications of the
material, as well as its limitations.
Keywords: Caries dental; Composite resins; Dental enamel; Teaching.
Resumo
A odontologia minimamente invasiva tem sido considerada a condução de eleição mais adequada a fim de prevenir e
tratar as alterações na superfície dentária como as lesões iniciais de cárie, caracterizadas como mancha branca. Esse
tipo de condução visa a manutenção da estrutura dentária, desde que não haja nenhum sinal de cavitação na superfície.
Considerando esses aspectos, em 2009 foi desenvolvido um material a base de monômeros e aditivos denominado
infiltrante resinoso, que tem como função paralisar essa lesão de mancha branca agindo por meio de difusão, onde as
microporosidades são preenchidas pelo material, reforçando sua estrutura. O único material disponível
comercialmente é o Icon® que apesar de apresentar inúmeros benefícios tem algumas limitações. Alguns estudos com
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material experimental vêm sendo desenvolvidos com intuito de tentar minimizar as limitações do material comercial.
Diante disso, essa revisão de literatura visa abordar as características, função, aplicação e indicações do material, bem
como suas limitações
Palavras-chave: Cárie dentária; Resinas compostas; Esmalte dentário; Ensino.
Resumen
La odontología mínimamente invasiva ha sido considerada la conducta de elección más adecuada para prevenir y
tratar cambios en la superficie dentaria como las lesiones iniciales de caries, caracterizadas como mancha blanca. Este
tipo de conducción tiene como objetivo mantener la estructura del diente, siempre y cuando no haya signos de
cavitación en la superficie. Considerando estos aspectos, en 2009 se desarrolló un material a base de monómeros y
aditivos denominado infiltrante resinoso, cuya función es paralizar esta lesión de mancha blanca actuando por
difusión, donde las microporosidades son rellenadas por el material, reforzando su estructura. El único material
disponible comercialmente es Icon® que, a pesar de tener numerosos beneficios, tiene algunas limitaciones. Se han
desarrollado algunos estudios con material experimental en un intento de minimizar las limitaciones del material
comercial. Por lo tanto, esta revisión bibliográfica narrativa tiene como objetivo abordar las características, función,
aplicación e indicaciones del material, así como sus limitaciones
Palabras clave: Caries dental; Resinas compuestas; Esmalte dental; Enseñanza.

1. Introduction
The development of tooth structure is considered a dynamic process that can be influenced by external factors such as
trauma, infections and diet (Zajac et al., 2020; Ceci et al., 2017; Meyer-Lueckel et al., 2007; Meyer-Lueckel & Paris et al.,
2008a; Meyer-Lueckel & Paris et al., 2008b; Paris et al., 2007a). Diet is considered the most common external factor, since it
is present daily, during development and after the eruption of the tooth in the oral cavity, and is directly related to caries
disease, considered a biofilm-sugar-dependent disease. (Ceci et al., 2017; Meyer-Lueckel et al., 2007; Meyer-Lueckel e Paris
et al., 2008a; Meyer-Lueckel e Paris et al., 2008b; Paris et al., 2007a). Such external factors can contribute to the color change
in tooth enamel, which is associated with some disorders such as tooth decay, fluorosis, hypomineralization and enamel
hypoplasia (Mandava et al., 2017; Aziznezhad et al., 2017; Patel et al., 2019), in addition to dental erosion (Honório et al.,
2008a; Honório et al., 2008b). The clinical sign can present itself in a very similar way, being perceived, in most cases, as a
white spot (Ceci et al., 2017; Meyer-Lueckel et al., 2007; Meyer-Lueckel & Paris et al., 2008a; Paris et al., 2007a; Dinesh et
al., 2017), except for dental erosion where the tooth surface is usually worn and opaque (Honório et al., 2008a; Honório et al.,
2008b). However, as they are different disorders, staining can vary from a white spot to a yellow-brown spot or enamel
defects, depending on the specificity and degree of each one (Honório et al., 2008b).
Staining on the tooth surface, as well as wear resulting from dental erosion, can promote dissatisfaction in the patient,
and may even interfere with their social life, which tends to harm their psychological health (Patel et al., 2019; Honório et al.,
2008a; Honório et al., 2008b; Gençer et al., 2019). Considering that teeth with the aforementioned disorders are usually of
normal size and shape, more conservative treatments are indicated (Patel et al., 2019). In recent years, efforts have been
focused on the development of a Minimally Invasive Dentistry, which aims to prevent and treat it with the least possible
removal of healthy dental tissue (Ceci et al., 2017; Meyer-Lueckel et al., 2007; Meyer-Lueckel & Paris et al., 2008a; Paris et
al., 2007a; Paris & Meyer-Lueckel 2009). In 2009, a resin material denominate Icon® Resin Infiltrant was launched in the
dental market, considered a low viscosity resin material, consisting of a resin matrix based on methacrylate, essentially
TEGDMA, initiators and additives (Ceci et al., 2017; Gölz et al. 2016; Inagaki et al., 2016).
Although recently launched on the market, studies in search of such a technique started in the 1970s, when the
concept of caries infiltration was first mentioned by Davila et al, 1975 (Davila et al., 1975). From this, other studies were
developed using adhesives and/or sealants as infiltrating materials, however, the lack of good results was obtained considering
that such infiltrant agents resulted in a superficial or inhomogeneous infiltration, even after conditioning the lesion with
hydrochloric acid for confection, the hypermineralized surface layer is more porous and thus facilitates penetration (Paris et al.,
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2013). However, after some attempts, upon discovering the importance of the penetration coefficient/penetration depth
relationship, low viscosity resins were improved, allowing a material with a faster and more effective infiltration, by presenting
a considerably higher penetration coefficient (Paris et al., 2013). Thus, in 2009, based on in vitro and in vivo studies carried
out in Germany (University Hospital Charité-Berlin) on the penetration of resinous material in incipient caries, the Icon®
Resin Infiltrant (DMG America Company, Englewood) showed that if commercially viable (Ceci et al., 2017; Aziznezhad et
al., 2017).
Its mechanism of action is based on low-viscosity, hydrophilic and light-curing resins that penetrate and occlude the
enamel microporosities, thus inhibiting the diffusion pathways for dissolved acids and minerals within the body of the lesion,
preventing the progression of tooth decay in a initial stage of its development (Meyer-Lueckel et al., 2007; Meyer-Lueckel e
Paris et al., 2008b; Paris et al., 2007a; Dinesh et al., 2017; Paris et al., 2013). In other words, the principle of resin infiltration
is to perfuse the porous enamel with resin by capillary action, thus interrupting the demineralization process and stabilizing the
carious lesion (Ceci et al., 2017; Mandava et al. 2017; Aziznezhad et al., 2017; Askar et al., 2018; Anaute-Netto et al., 2017).
The micro-invasive technique of resin infiltrant for incipient caries was added to the surgical techniques in order to
change the paradigm of treatment of the initial caries lesion, which went from a strictly restorative intervention to a minimally
invasive one, where the lesion is analyzed, its extension and prevention of this extension (Meyer-Lueckel & Paris 2008b; Paris
et al., 2007a; Dinesh et al., 2017; Paris et al., 2013). This conservative technique aims at not removing hard tissue, but at
infiltrating a low-viscosity resin inside the lesion in order to regress and/or paralyze its extension (Meyer-Lueckel e Paris
2008b; Paris et al., 2007a; Davila et al., 1975; Paris et al., 2013). It’s particularly indicated for non-cavitated carious lesions.
Compared with remineralization techniques that may require multiple treatment and follow-up sessions, therapy can be
performed in a single session, which is interesting for the patient, in particular for children and their parents (Lasfargues et al.,
2013).
Currently, the infiltration of carious lesions with low-viscosity resinous material has been used to prevent the
progression of the initial carious lesion in a minimally invasive way that is, preserving the healthy tooth structure while
treating the lesion (Paris et al., 2013). In addition, recently, this resin material has also been used in cases of fluorosis,
hypomineralization, hypoplasia and dental erosion, contributing to the aesthetic improvement of the smile and social inclusion
of the affected patient, with a view to maintaining integral health (Patel et al., 2019, Gençer at al., 2019). Therefore, this review
article aims to elucidate the application of resinous infiltrates in common structural and dischromic changes in dental enamel,
as a minimally invasive option, also explaining its formulations and limitations.

2. Literature Review
2.1 Methodology
This study is a narrative literature review with a descriptive character of resin infiltrants (composition, indications,
limitations and prospects). A search for scientific articles was performed, in English, in PubMed, Medline, Lilacs and SciELO
databases, during December of 2021 and January of 2022, having as descriptors used in the search “Resin infiltrant” with AND
about the subject in topic: “Dental Caries”, “White spot lesions”, “Enamel defects”, “Hypoplasia”, “Erosion”, “Clinical”,
“Composition”, “Colour stability”, “Bioactive”, “Follow-up”, “Radiopacity”. For each theme, summaries were read to verify if
the information were relevant to this review and then selected according with studies that showed significant outcomes.
Dupplicates and studies with same evaluations were dismiss. The articles were limited during the period of 2001 to 2022.
Articles considered gold standard, from previous years, were also considered, mainly to describe basics concepts.
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2.2 Current Treatment and its limitation
2.2.1 Incipient caries lesion
Minimally invasive dentistry is a concept that involves the preservation of dental tissue, preferably preventing the
disease from occurring or intercepting its progress with as little tissue loss as possible (Inagaki et al., 2016, Sfalcin et al.,
2017). In recent years, non-invasive treatment of carious lesions has been the preventive measure of first choice (MeyerLueckel and Paris 2008b; Paris et al 2007a; Paris and Meyer-Lueckel 2010, Paris et al 2013). The first treatment for early
enamel caries, where cavitations are not yet present, is to control the etiological factor of the disease, promoting
remineralization of dental enamel, commonly used methods such as oral hygiene instruction, dietary counseling,
remineralization with agents topics containing amorphous calcium fluorides and phosphates (CCP-ACP) and pit and fissure
sealants (Ceci et al., 2017, Mandava et al., 2017, Aziznezhad et al., al., 2017).
However, these treatments have some limitations, such as non-immediate results, multiple treatment and follow-up
sessions, and the need for patient cooperation for effective results, and because of this lack of adherence/collaboration to the
treatment by the patient, many injuries tend to progress (Mandava et al., 2017). In addition, remineralization occurs only
superficially, while the lesion body remains porous, which explains the unpredictable results and persistence of whitish
discoloration, which also impairs the aesthetics of the smile (Mandava et al., 2017).

2.2.2 Fluorosis, Hypomineralization and Enamel Hypoplasia
Treatment options for teeth with fluorosis, hypomimeralization, and hypoplasia vary greatly according to the degree
or depth of the white spot. In recent years, tooth whitening, microabrasion, and direct or indirect restorations have been
indicated (depending on the depth and degree of involvement of the tooth) (Reston et al., 2011, Nugroho et al., 2019). Within
the concept of Minimally Invasive Dentistry, it is always recommended to start the treatment with more conservative therapies,
such as the use of bleaching and microabrasion (Pini et al., 2015). Although tooth whitening and microabrasion, alone or in
association, achieve good results in most cases; deeper or moderate-severe fluorotic, hypoplastic or hypomineralized stains
may achieve partial results (Habbu et al., 2011, Pini et al., 2015). This depth can be verified through transillumination, where a
light-emitting diode (LED) or laser device is placed by the palatine/lingual of the tooth and the potential for blocking the light
by the stain is observed, so that the deeper the stain, the darker it will be (Pini et al., 2015). When bleaching and microabrasion
are not effective in resolving the stain, direct restorative treatments are chosen, with composite resins, or indirect treatments
with ceramic laminates (Habbu et al., 2011, Jain et al., 2016, Pini et al., 2015). The decision of which restorative procedure to
follow will be individualized, based on the patient's history, taking into account that, despite being considered conservative
treatments, a preparation may be necessary for a satisfactory result (Jain et al., 2016).

2.2.3 Erosion
Methods of protecting dental structures against the effect of erosion may include the use of substances responsible for
neutralizing acids and remineralizing dental tissues (Damasceno et al 2019; Zhao et al 2017). In order to prevent erosion, the
topical application of fluoride has been used for a long time, as it increases the resistance of the dental hard tissue to acids
(Zhao et al 2017). Fluoride in various vehicles such as toothpastes, mouthwashes, gels and varnishes has been shown to be
effective in reducing tooth erosion, especially in high concentrations (Ionta et al 2016, Zhao et al 2017). However, the clinical
effectiveness of fluoride against erosive challenges remains uncertain due to the nature of acid challenges, as it is necessary to
form a protective film over the tooth structure (Ionta et al 2016, Zhao et al 2017). The use of stannous fluoride formulations to
prevent erosive wear has been widely discussed in the literature (Viana et al., 2020,Frese et al., 2019, Leal et al., 2020), since
greater resistance to acids was observed, when compared to the sodium fluoride formulation; although it is not yet a solution
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capable of completely inhibiting the loss of tooth tissue exposed to the erosive process (Viana et al., 2020), in addition to
presenting some clinical disadvantages such as metallic taste and the possibility of tooth staining (Leal et al., 2020).
Additionally, some studies have tested the use of fluoride and glass ionomer-based sealants as effective surface
protectors against the effect of erosion (Damasceno et al 2019; Guedes et al 2018; Hove et al 2008; de Carvalho et al 2007).
The authors suggest that they form a protective film on the dental surface and, consequently, because they are a dental
biomaterial in which nanotechnology has been applied, they are able to improve the properties of existing materials, filling the
gaps and fissures, reducing porosity, as well as increasing wear resistance and maintaining dental integrity. In addition, dietary
guidance to the patient who presents erosive wear is essential (Lussi et al., 2007, Lussi et al., 2019); the ingestion of acidic
beverages, especially soft drinks and acidic juices, and acidic foods such as citrus fruits should be carefully avoided due to the
low pH (Lussi et al., 2007, Lussi et al., 2019). And patients who have gastric disorders, such as gastroesophageal reflux, are
commonly referred for medical consultation, as the maintenance of contact with stomach acid to tooth surfaces promotes or
increases erosive wear (Lussi et al., 2007, Lussi et al., 2019).
When erosive lesions reach a more advanced stage at the dentin level, it is necessary to carry out a restoration, always
emphasizing the concept of minimally invasive dentistry (Lussi et al., 2007). However, considering that the treatment for
dental erosion is eminently done in a preventive way, a large part of the success in the treatment is associated with the patient's
discipline about following the guidelines, changing habits and going to dental appointments to apply fluoride and control the
disorder (Lussi et al., 2007, Ionta et al., 2016).
Given the limitations of the treatments offered for each situation mentioned above, the use of the micro-invasive
infiltration technique is promising, being considered an intermediate step between the non-invasive and invasive treatment,
within the precepts of Minimally Invasive Dentistry, contributing to the stabilization or postponement of the progression of the
incipient caries lesion (Ceci et al 2017; Meyer-Lueckel et al 2007; Meyer-Lueckel e Paris 2008a; Paris et al 2007a; Paris e
Mayer-Lueckel 2009).

2.3 Resinous infiltrant indications
The resinous enamel infiltrant was proposed for the treatment of non-cavitated white spot lesions located on smooth
dental surfaces, ie, buccal and proximal, with maximum radiographic extension to the outer third of the dentin (Meyer-Lueckel
e Paris, 2008a; Borges et al., 2017). However, from the observation of its mechanism and the effectiveness of its application,
its use has been investigated in several situations.

2.3.1 Interproximal carious lesions
Conventional restorative treatment of interproximal caries lesions requires prior removal of the teeth, requiring more
than one clinical session for treatment, or wearing a healthy tooth structure to gain access to the lesion. Resin infiltrant
treatment overcomes these limitations, becoming a more conservative, faster and more effective treatment (Elrashid el al.,
2019; Faghihian et al., 2019).
In addition to the wide variety of in vitro and in vivo studies, several clinical studies point to the efficacy of treating
resinous infiltration in interproximal caries lesions (Paris & Meyer Lueckel, 2010; Meyer-Lueckel et al 2012; Martignon et al
2012; Meyer-Luckel et al 2016). A placebo-controlled, randomized clinical trial observed 96% efficacy in reducing the
progression of infiltrant-treated caries lesions after 3 years of follow-up (Paris & Meyer Lueckel, 2010; Meyer-Lueckel et al
2012). It can also be observed that the relative risk of lesion progression can be up to 11 times lower in infiltrated lesions
compared to non-infiltrated ones (Meyer-Lueckel et al., 2012). Another study, also with 3 years of follow-up, reported 68%
efficacy of the infiltrant in controlling the progression of lesions, while there was progression in 70% of lesions treated with
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placebo, despite instruction in oral hygiene using dental floss and local fluoridation and systemic (Martignon et al 2012).
Another randomized clinical trial reported, after 18 months of follow-up, a progression of 5% of lesions treated with
infiltration, while for non-infiltrated lesions, the rate was 31% (Meyer-Luckel et al 2016).
The most recent data from a longer-follow-up randomized clinical trial (Paris et al 2020) so far reported that after 7
years, treatment with infiltrant significantly reduced the rate of progression of interproximal lesions, which was 7% compared
to placebo was 52%, even though all patients were receiving preventive care. The mean rate of treatment failure was 1.3% per
year, similar to the rate attributed to composite resin restorations (Opdam et al., 2014). The results support the encouragement
of resinous infiltration treatment before opting for a conventional invasive treatment.
When investigated in young children, with a relatively high risk of caries, reports are found comparing lesions in
primary molars treated or not with an infiltrant, which indicate that 62% of non-infiltrated lesions exhibited radiographic
progression, even with biannual application of fluoride varnish, while among the treated lesions, only 23% progressed
(Ekstrand et al. 2010). The most recently published data, from a randomized clinical study with a 2-year follow-up (Jorge et al
2019), report a relative risk reduction of 56% when using the infiltrant, with a progression of 24% of lesions in the test group
and 55% in the control, who used dental floss and toothpaste with fluoride. On average, the results of clinical studies of
infiltration in primary teeth show a reduction in the relative risk of progression of lesions between 52 and 67% (Ekstrand et al.
2010; Page et al., 2017; Ammari et al. 2018), indicating the treatment efficacy compared to the non-invasive approach alone,
even in patients at high risk of caries.
Systematic reviews with meta-analysis, which are the highest level of scientific knowledge, confirm with a strong
level of evidence the effectiveness of the infiltration technique (Elrashid et al., 2019; Faghihian et al., 2019) even pointing out
its superiority compared to conventional methods of preventing the progression of non-cavitated proximal lesions (Elrashid et
al., 2019). It is suggested that this superiority is due to the fact that the other methods require high patient compliance and, in
addition, they are intermittent techniques, and de-remineralization cycles may occur even in adherent patients (Elrashid el al.,
2019). The infiltrant, on the contrary, establishes a permanent protective film (Elrashid el al., 2019).

2.3.2 Vestibular face
White spot lesions after orthodontic treatment are very frequent, due to the difficulty in cleaning around the brackets
of the appliance (Akin et al. 2012; Sonesson et al. 2016). Demineralization is likely to be reversed by the action of saliva or
remineralizing agents (Akin et al. 2012; Huang et al. 2013), however, the whitish appearance of enamel commonly remains
(Zantner et al., 2006). The vestibular surfaces can also present whitish lesions resulting from developmental defects. Resin
infiltration is able to mask these lesions (Paris & Meyer-Lueckel, 2009; Paris et al. 2013), due to the infiltrant's refractive index
(1.52), which is close to that of hydroxyapatite (1.62) (Paris et al., 2013). Once applied, the optical characteristics of the
affected enamel are altered and it looks like the surrounding healthy enamel (Paris et al., 2013).
The effectiveness of color masking with resin infiltrant has been demonstrated using artificial caries models (Torres et
al., 2011; Paris et al., 2013; Theodory et al., 2019; Aswani et al 2019). It has been shown in vitro that white spot lesions on
infiltrant-treated enamel, especially those that were polished, exhibited significantly reduced pigmentation after being
subjected to prolonged exposure to tea and wine (Paris et al., 2013). On the other hand, non-infiltrated or non-polished
infiltrated lesions exhibited greater pigmentation (Paris et al., 2013). Aswani et al. 2019, evaluated the color stability of
infiltrated enamel and observed good stability after 8 weeks, with no significant difference between deciduous and permanent
teeth. A comparison between the ability of masking white stains in enamel by the application of resinous sealants or infiltrants
showed comparable results between the materials (Theodory et al., 2019).
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Clinical reports and case series are also available, showing satisfactory aesthetic results (Paris et al., 2009; Munoz et
al., 2013; Feng et al., 2013; Eckstein et al., 2015; Domejean et al., 2015; Torres e Borges, 2015; Joaquim et al., 2021). So far,
color follow-up studies of up to one year have been found, which report stability of the aesthetic similarity between infiltrated
lesions and the adjacent healthy enamel (Feng et al., 2013; Eckstein et al., 2015; Domejean et al., 2015). It is noteworthy that
polishing after the procedure is important to prevent pigmentation in infiltrated areas (Paris et al., 2013), as well as to reverse
pigmentation (Leland et al., 2016; Borges et al., 2017). Despite the evidence available so far, clinical trials with longer followup periods are needed to strengthen the recommendation for this technique (Borges et al., 2017).

2.3.3 Enamel Developmental Defects
Whitish lesions on enamel may also be due to damage in the formative phase of the tooth, the pre-eruptive defects.
These are conditions in which there is a reduction in the mineral phase of the enamel, changing its chemical composition and,
therefore, its optical characteristics (Denis et al., 2013; Torres and Borges, 2015). Conditions such as fluorosis, traumatic
hypocalcification, and molar-incisor hypomineralization (MIH) are examples of pre-eruptive disorders. The resin infiltrant is
also indicated for this type of enamel discoloration (Paris et al., 2009; Munoz et al., 2013; Torres & Borges, 2015; Farias et al.,
2022).
In addition to the positive results of in vitro investigations on the penetrability and capacity of masking lesions by the
infiltrant (Torres et al., 2011; Paris et al., 2013; Crombie et al., 2014; Theodory et al., 2019). Clinical reports and case series
show satisfactory aesthetic results of the treatment (Paris et al., 2009; Munoz et al., 2013; Torres and Borges, 2015). In a series
of case reports, Torres and Borges (2015) demonstrated the efficacy of the infiltrant in masking whitish pre-eruptive lesions on
vestibular surfaces. However, in some cases the masking was not complete, especially in cases of hypomineralization of
traumatic origin, which may be related to the histology of these defects, as their depth and morphology are highly variable
(Torres and Borges, 2015). The morphology of carious and fluorotic white spot lesions favor a more efficient infiltration
(Araújo et al., 2015).
A technical convenience in the treatment with an infiltrant is that if there is a need to apply composite resin, when
hypoplastic defects or cavities are associated, the infiltrant works as a binding agent, dispensing with the additional application
of an adhesive system (Wiegand et al., 2011). More recently, high infiltrant penetration has been observed in developmental
hypomineralization lesions, with penetration into cavitations and dentinal tubules up to 2mm depth (Schnabl et al 2019). This
penetration was greater than that which occurs in normal dental tissue, which is limited to decalcified areas of the enamel
(Schnabl et al 2019). Based on the positive results obtained, the infiltration technique was suggested as a routine procedure in
the treatment of pre-eruptive hypomineralization (Schnabl et al 2019).

2.3.4 Erosion
The application of resinous infiltrant in early enamel erosion lesions has been suggested, due to its ability to form a
mechanical barrier against acid challenges, as well as in early caries lesions (Oliveira et al., 2015; Ionta et al., 2016; Tereza et
al., 2016; Zhao et al., 2017; Rios et al., 2019). The infiltrant ability to prevent erosion is related to its mode of application,
which influences its thickness (Rios et al 2019). It was also demonstrated that the presence of resin infiltrant only inside the
lesion does not inhibit the progression of erosion, that is, the material must remain on the enamel surface (Tereza et al., 2016).
The conditioning of the lesion with HCl for 2min recommended in the infiltrant application protocol, however, is
debatable. For erosion lesions, which have a lower surface mineral content, with less mechanical stability, this etching can
promote enamel loss (Zhao et al., 2017). To compensate for this deleterious effect, it was suggested that etching with HCl
should not be carried out, which, however, reduces infiltrant penetration into the eroded enamel (Tereza et al., 2016; Zhao et
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al., 2016). Another suggestion is etching with H3PO4, which is capable of creating the surface with micro retentions for
capillary diffusion and adequate infiltration penetration into healthy enamel (Paris et al., 2007; Yetkiner et al., 2014).
Studies have shown the formation of a 100 µm thick infiltration coating layer on the enamel which, when subjected to
erosive challenge, did not show loss of structure (Oliveira et al., 2015; Tereza et al., 2016). In a recent study in situ (Rios et al
2019), the infiltrant was compared to resinous adhesive and sealant, all applied to simulated enamel erosion lesions and
submitted to erosive (chemical) and abrasive (mechanical) challenges equivalent to 4 months duration. Samples treated with
infiltrant showed the least wear and the material was not removed from the enamel, confirming its good performance when
applied for this purpose (Rios et al 2019).

2.3.5 Occlusal face
Although this is not yet a frequent clinical application, there are positive reports on the application of resinous
infiltrants in carious lesions of occlusal fissures (Paris et al., 2014; Anauate-Netto et al., 2017). It is reported that the higher
penetration coefficient of the infiltrant promotes deeper filling of pits and fissures than a conventional sealant (Paris et al.,
2014). Reports of a randomized clinical study showed, through analysis by different diagnostic methods, comparable results
between infiltrant and sealant in the sealing of pits and fissures (Anauatte-Netto 2017). After 3 years of follow-up, infiltrant
and sealant exhibited similar marginal integrity; however, the infiltrant showed wear that is more homogeneous and less
progression of caries (Anauatte-Netto 2017). Pre-treatment of the infiltrant technique with 15% HCl promotes more intense
erosion of the surface layer compared to phosphoric acid (Eakle et al., 2014). In this way, the infiltrant promotes the filling of
the body of the lesion, not just creating a superficial barrier (Meyer-Lueckel e Paris, 2008b).
A recent comparison between different commercial pit and fissure sealants and the resinous infiltrant applied to early
carious lesions simulated in human tooth enamel observed the highest values of depth and penetration area between the groups
for the infiltrant, in addition to the masking capacity (Theodory et al 2019). This was justified by its chemical composition and,
consequently, its favorable properties of surface tension, contact angle, viscosity and wetting capacity, pointing to the infiltrant
as a promising material in the control of caries progression in pits and fissures (Theodory et al 2019).
However, answers about the enamel surface microhardness of Icon® resinous infiltrant are still uncertain in the
literature. Some authors point out that when compared to other remineralizing materials, Icon® presented lower microhardness
values (Dhillon et al., 2020; Chen et al., 2019; Rana et al., 2021). However, unlike this conclusion, Zakizade et al., 2020, after
a systematic review, found that when compared to no treatment or other products tested, Icon® was able to increase the
microhardness of the demineralized enamel, but without reaching the initial microhardness of the sound enamel. However,
more studies are needed to obtain more concrete and assertive results.

2.4 Resinous infiltrants formulations
Different formulations have been investigated in order to improve the resinous enamel infiltrant properties (Paris et
al., 2007a; Paris et al., 2007b; Paris e Meyer-Lueckel, 2010a; Paris e Meyer-Lueckel., 2010b; Araújo et al., 2013; Inagaki et
al., 2016; Andrade et al 2016; Sfalcin et al., 2017; Mathias et al., 2019; Flor-Ribeiro et al., 2019; Gaglianone et al 2020; Wang
et al 2021). Ideally, the infiltrant should have low viscosity, as well as low contact angle and surface tension, high penetration
coefficient, rigid consistency after polymerization and chemical-mechanical properties compatible with the challenges of the
oral environment (Araújo et al., 2013). Other properties such as acceptable aesthetics, bacteriostaticity and radiopacity are also
desired (Pedreira et al., 2020; Flor-Ribeiro et al., 2019). To reconcile the ideal characteristics of the material, several
components have had their influence analyzed in the composition of the infiltrant.
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2.4.1 Monomers
The main component of Icon® is the TEGDMA monomer (Gölz et al., 2016). TEGDMA is a low molecular weight
monomer, which gives the material low viscosity (Gonçalves et al., 2009). Furthermore, it is also an extremely fluid monomer
and its highly flexible chain structure results in materials with a high degree of conversion (Poshusta et al., 2002; Gonçalves et
al., 2009). Studies show that the higher concentration of TEGDMA in infiltrants is related to better penetration depth and
degree of conversion results (Gonçalves et al 2009; Meyer-Lueckel & Paris, 2010; Araújo et al 2013). However, this monomer
has as a limitation a high hydrophilicity, which facilitates degradation in an oral environment, which can compromise the
performance of the material (Paris & Meyer-Lueckel, 2010a; Paris & Meyer-Lueckel, 2010b). Its high polymerization
shrinkage is also a limiting factor (Gonçalves et al., 2009). In order to overcome these limitations, different monomeric
combinations are investigated.
The addition of more hydrophobic and less fluid monomers than TEGDMA was investigated in order to improve the
properties and longevity of infiltrants in an oral environment (Araújo et al 2013). In initial investigations, it was observed that
the addition of BisGMA and UDMA significantly increased the viscosity and decreased the infiltration coefficient (Paris et al.,
2007a; Paris et al., 2007b). Later, other works used UDMA in their formulations (Araújo et al, 2013; Andrade et al., 2016),
obtaining improvements in mechanical properties such as degree of conversion, modulus of elasticity and Knoop
microhardness. (Araújo et al., 2013). UDMA monomer has a short chain and low viscosity, just like TEGDMA. Furthermore,
both have similar chain morphology, with a linear structure.
Several studies use the composition of 75% TEGDMA + 25% BisEMA (Araújo et al., 2013; Inagaki et al., 2016;
Sfalcin et al., 2017; Mathias et al., 2019, Gaglianone et al., 2020), obtaining satisfactory and even improved chemical-physical
properties. BisEMA has a considerably longer molecular chain than TEGDMA, therefore, it has greater viscosity and is
hydrophobic. Increased hydrophobia can help reduce degradation in the oral environment. Inagaki et al (2016) obtained for the
formulation of 75% TEGDMA + 25% BisEMA the lowest sorption and solubility averages, as well as superior elastic modulus
and flexural strength when compared to pure TEGDMA, TEGDMA + UDMA and chlorhexidine addition formulations. In
another investigation, the experimental infiltrant composed of 75% TEGDMA + 25% BisEMA also exhibited several
chemical-mechanical properties (degree of conversion, Knoop microhardness, tensile cohesion strength, elastic modulus and
sorption and solubility) superior to the Icon® infiltrant (Sfalcin et al., 2016). It was reported that the lower sorption of the
infiltrant composed of BisEMA + TEGDMA compared to Icon® may have occurred due to the high degree of conversion and
high hydrophobicity of BisEMA (Dickens et al., 2003).
In a more recent report, it was confirmed that the association of BisEMA and TEGDMA is beneficial, as it reconciles
the low viscosity required for penetration with satisfactory polymeric properties (Gaglianone et al., 2020). BisEMA increases
the hydrophobic characteristics of the infiltrant, which can help to reduce the hydrolytic degradation of the material in the oral
environment (Gonçalves et al., 2009; Araújo et al., 2013, Mathias et al., 2019, Inagaki et al., 2016, Sfalcin et al., 2017;
Gaglianone et al 2020).

2.4.2 Photoinitiator Systems
In order to improve the polymerization potential of resinous infiltrants and consequently their chemical-mechanical
properties, the incorporation of ternary photoinitiators systems has been investigated (Ogliari et al 2007; Ogliari et al 2008;
Paris & Meyer-Lueckel 2009). The most commonly used initiator system is the association between camphorquinone (CQ) and
the amine dimethylamethyl benzoate (EDAB) (Sfalcin et al., 2016; Andrade et al., 2016; Mathias et al., 2019; Flor-Ribeiro et
al., 2019; Gaglianone et al., 2020), which has a high potential for electron donation for CQ in the excited state. Due to the
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indication of resinous infiltrants for masking white spot lesions in aesthetic regions, CQ should be used with caution, as its
yellowish coloration can compromise the aesthetics of the material (Gonulol & Yilmaz, 2012; Ceci et al., 2017).
Another compound associated with this formulation in order to optimize the polymerization reaction is
diphenyliodonium hexafluorophosphate (DPI), or onium salt (Mathias et al 2019). Several studies have reported benefits from
the association of DPI in monomeric compounds such as resin adhesives and cements (Gonçalves et al., 2013; Andrade et al.
2016; Dressano et al., 2016).
DPI interacts with the radical generated by the reaction between CQ and EDAB, generating a reactive phenyl radical
that allows the formation of a greater amount of free radicals, due to its reaction with residual amines. This association would
allow to initiate, improve and increase the polymerization reaction of methacrylate (Ogliari et al., 2008; Gonçalves et al., 2013;
Andrade et al., 2016; Golz et al., 2016; Song et al., 2016).
It was observed that the presence of 0.5 and 1 mol% DPI as co-initiator in infiltrants containing 10% ethanol in their
formulation promoted an increase in the degree of conversion (Mathias et al., 2019). For infiltrants containing 10% ethanol and
HEMA, DPI promoted an increase in the cohesive strength of these materials (Mathias et al., 2019). Infiltrants containing
HEMA showed higher sorption and solubility compared to commercial infiltrant, except when 0.5 mol% and 1 mol% DPI was
added (Mathias et al., 2019). However, despite these benefits observed, DPI acts as a catalyst and is regenerated at the end of
the reaction (Ogliari et al., 2007), so after 10s of photoactivation, its radicals would have already been consumed and its
concentration would no longer exert influence on the polymerization kinetics, therefore not affecting the degree of conversion
(Gonçalves et al., 2013). Another important point is that the acceleration of the polymerization reaction caused by DPI can
result in a reduction in the vitrification time, which can hinder the mobility of molecules (Ogliari et al., 2007). At the end of the
polymerization reaction, the polymer has a higher crosslinking density and a high rate of residual monomers, which
compromises its quality, negatively affecting the material's sorption and solubility (Ogliari et al., 2007).

2.4.3 Solvents and Diluents
In order to optimize infiltration penetration into the capillary structures of the carious lesion body, another strategy
investigated is the addition of solvents or diluents (Meyer-Lueckel & Paris, 2010; Araújo et al., 2013). Although initial studies
have shown some benefit from this association, (Meyer-Lueckel & Paris, 2010) it has generally been found that the addition of
solvents and thinners, such as ethanol and HEMA, negatively affects the mechanical properties of infiltrants (Araújo et al.,
2013; Mathias et al., 2019). The addition of hydrophilic monomers is associated with a plasticizing effect, resulting in
infiltrants with greater sorption and solubility compared to commercial infiltrant (Mathias et al., 2019). The presence of
ethanol can cause low mobility of radicals in the polymerization initiation centers, reducing the efficiency of the monomeric
conversion (Araújo et al., 2013). It is reported that once the infiltrant is applied, the ethanol incorporated into the material
cannot be clinically evaporated, as well as HEMA. This could compromise the conversion, as these compounds favor the
formation of linear chains and the dilution of a polymeric network in formation, respectively (Ye et al., 2007; Gaglianone et
al., 2020).
It is reported that HEMA tends to agglomerate before polymerization, forming hydrophilic regions, which result in
greater amounts of residual HEMA after photoactivation, increasing sorption and solubility and favoring accelerated material
degradation (Collares et al., 2011; Takahashi; et al., 2011). It was observed that this association caused damage to the
properties degree of conversion, Knoop microhardness, elastic modulus and softening rate, resulting in polymers with lower
properties (Araújo et al., 2013). Damage to the tensile strength property of experimental infiltrants containing ethanol was also
observed, regardless of the monomeric composition tested (Araujo et al., 2015). In general, the presence of HEMA and ethanol
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in infiltrants promotes a reduction in their chemical-mechanical properties, in addition to not promoting greater penetration
depth (Araújo et al., 2013; Mathias et al., 2019).

2.4.4 Bioactives particles
In vitro beneficial effects were obtained by adding bioactive materials to infiltrants (Andrade et al., 2016; Sfalcin et
al., 2017; Elembaby et al., 2022). Sfalcin et al. (2017) investigated the incorporation of 10% hydroxyapatite (Hap), amorphous
calcium phosphate (ACP), zinc-polycarboxylated bioactive glass (BAG-Zn), bioactive 45S5 glass (BAG 45S5) and calcium
silicate modified with beta tricalcium phosphate (β-TCP) and, for all these experimental groups, increased chemicalmechanical properties and a reduction in water sorption/solubility compared to the commercial infiltrant were observed. Water
sorption can trigger chemical and physical processes that can be detrimental to the performance of polymeric dental materials
(Malacarne et al., 2006). In another investigation, enamel samples treated with an infiltrant containing 10% hydroxyapatite
exhibited resistance to acid attack, with preservation of the microhardness of the surrounding enamel underlying the infiltrated
area after recurrent demineralization (Andrade et al., 2016). Elembaby et al (2022) observed the mineral density, resin tag
penetration and surface of demineralized enamel treated with Icon® and Icon® with nanohydroxyapatite particles in 5 and
10%, the groups containing Hap had good results in those avaliations. Based on the data available so far, it can be observed
that the presence of biomaterials in the composition of the infiltrant can, in addition to favoring its chemical-physical
characteristics, help to establish a local microenvironment less favorable to demineralization (Andrade et al, 2016; Sfalcin et
al., 2017; Elembaby et al., 2022).

2.4.5 Radiopacifying particles
In a previous in vitro study, Pedreira et al., 2021 evaluated the addition of particles of barium and zirconia at
concentrations of 25/45% by weight to commercial Icon® and experimental infiltrants in the properties of cohesive resistance,
degree of conversion, sorption and solubility, radiopacity and depth of penetration. They found that the groups with the
addition of 45% zirconia obtained an increase in radiopacity greater than that of tooth enamel, in addition to improving the
cohesive strength of the materials. However, further studies are needed to confirm radiopacity in the resin material. Other
radiopacifying elements that can be used in resonant materials are zinc 30, strontium 38, yttrium 39, lanthanum 57, ytterbium
70 and bismuth 83, which vary greatly in concentration in composite resins with different compositions (Yasa et al., 2015,
Collares et al., 2010, Dukic, 2017). However, radiopaque particles can have other negative effects, such as increased thermal
expansion and hydrolysis of silane bonding agents (Saridag et al., 2015, Pekkan et al., 2016).

2.5 Resinous infiltrants application techniques
2.5.1 Pre-heating
In a recent study, Gaglianone et al., 2020 tested different compositions of experimental infiltrants and their preheating. As a result, it was observed that the degree of conversion (DC) was higher for pre-heated materials. The increase in
temperature led to a better DC, and according to the authors, this may be due to increased molecular mobility and decreased
system viscosity. However, despite the 30% average increase in conversion for groups polymerized at 55ºC, the expected
improvement was not observed in all physical properties tested (Collares et al., 2011). The results showed that pre-heating did
not influence the elastic modulus (E) and flexural strength (FS) of most groups, corroborating the results of another study with
composite resin (Gonçalves et al., 2013). Thus, the pre-heating technique for infiltrants cannot yet be indicated for any specific
type of composition.
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2.5.2 Modified application
The application protocol of Icon® resinous infiltrant recommended by the manufacturer, with the prior use of
hydrochloric acid for 2min, has been followed in several studies as the “gold standard” for performing the technique (Araújo et
al., 2013; Borges et al., 2014; Gelani et al., 2014; Araújo et al. 2015; Borges et al., 2017; Ceci et al., 2017; Dinesh et al., 2017;
López et al., 2019). However, although prior acid etching promotes greater permeability of the resinous infiltrant, by
increasing the porosity of the enamel surface layer, it was observed in some studies that the resinous material exhibited limited
permeation in the demineralized area of the enamel (López et al., 2019, Hashimoto et al., 2002). Thus, different times of
previous acid conditioning, such as the increase in time, or even the association of 37% phosphoric acid (PA) for 15s with 15%
hydrochloric acid (HA) for 2min, were studied at in order to improve the depth of infiltration penetration (López et al., 2019).
However, the literature points out that a prolonged time of acid etching can generate more impurities from demineralization on
the enamel pores (López et al., 2019, Pini et al., 2017, Meyer-Lueckel et al., 2008), and this can make it difficult to penetrate
the material.
In addition, in order to broaden the spectrum of indication of resinous infiltrants, such as filling small cavitated
lesions, new approaches to the infiltration technique have been suggested in the literature. Such as the association of resinous
infiltrants and subsequent application of a fluid composite resin, or even modifying the resinous infiltrant by inserting filler
particles in its composition, in order to promote a consistency similar to a fluid composite resin, aiming both at penetration of
lesions and filling cavitations (Askar et al., 2018).

2.6 Resin infiltrants limitations
One of the disadvantages of Icon® is that it is a radiolucent material, which may be a concern for some dentists, as the
supposed efficacy of the treatment cannot be evaluated, so the progression of the lesion cannot be monitored in subsequent
visits (Lasfargues et al., 2013, Pedreira et al., 2021). In addition, the radiopacity of dental materials is important to distinguish
them from dental structures, as well as allowing the clinician to detect secondary caries, defects, under- or over-contouring of
restorations, points of contact with the adjacent tooth and failures (Saridag et al., 2015; Pekkan et al., 2016; Hosney et al.,
2017; Pedreira et al., 2020). It is also a valuable tool to assess the absorption of materials in dental structures (Pekkan et al.,
2016; Collares et al, 2010). There is an in vitro study (Pedreira et al, 2021), however, this can be considered a pioneer study in
the analysis of the addition of radiopacifying particles in resinous infiltrants, requiring further studies to confirm the
radiopacity in resinous material, without damage to its physical-mechanical properties.
In addition, as the infiltration penetration into the tooth structure is deep, it is permanent and the infiltrated material
for being in the oral environment suffers some challenges in this environment, such as toothbrushing (Li et al., 2021). Among
these processes, we have the abrasion resulting from the use of dental dentifrices, which wears the resinous material and
increases the surface roughness of the material, affecting its performance (Souza et al., 2017). The use of conventional
dentifrices in association with acid attacks found in the oral environment cause significant wear on the surface of the infiltrate,
when considering its use over the years and this loss of properties can lead to a decrease in its effectiveness on the surface
dental applied (Yetkiner et al., 2014). According to previous studies, it is known that brushing with dentifrices, in addition to
increasing roughness, also has a direct influence on the change in color of conventional composite resins. The relative
abrasiveness of the dentifrice can interfere with the surface smoothness and loss of shine of composites. This is due to the
increase in porosity and the loss of mass of the material, thus causing the color change (Amaral et al., 2006; Heintze et al.,
2010).
The use of resin infiltrant has shown good potential in some studies to improve the appearance of demineralized areas
(Paris & Meyer-Lueckel 2010; Borges et al., 2014; Paris et al., 2010a; Paris et al., 2010b; Hammad et al., 2020). However,
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although Icon® has an efficient immediate effect to mask the lesion, the durability of its effect as well as its pigmentation is
controversial and needs further studies (Silva et al., 2018; Borges et al., 2017). Additionally, a study carried out in 2014 (Rey
et al., 2014) that compared Icon® to other materials showed that the commercial infiltrant had a high pigmentation potential
for different dyes, and the same was seen in other studies (Ceci et al., 2017; Borges et al., 2014; Araújo et al., 2015; Silva et
al., 2018; Rey et al., 2014; Alqahtani et al., 2022). Given the confirmation of pigmentation, then evaluating the possibility of
removing the stain caused by the dyes, some authors suggest surface treatments such as polishing (Borges et al., 2014; Paris
and Meyer-Lueckel 2009; Leland et al., 2016) and whitening (Araújo et al., 2015b). Furthermore, Icon® is a TEGDMA-based
resin material (Chen et al., 2019). This, in turn, is considered a monomer with greater hydrophilicity when compared to other
monomers of higher molecular weight, thus promoting greater affinity with water and consequent increase in water sorption
and solubility (Chen et al., 2019), or which can generate inferior mechanical properties, in addition to contributing to staining.

3. Final Considerations
Resin infiltrant is an excellent option for treating early caries lesions as well as superficial changes in enamel.
Previous studies prove that the de-remineralizing process that occurs in the dental surface, whether or not resulting from a
bacterial process, can be easily paralyzed with its application. Since, the resinous infiltrant manages, in addition to penetrating
the microporosity, to form a superficial protective layer, preventing the advancement of the lesion. However, because it is a
non-radiopaque material and does not have elements in its composition that promote dental remineralization, an end of
improved studies has been carried out and/or to develop a material with the desired characteristics, in addition to making it
more economically viable, considering that, as it is the only material commercially available, Icon has a high cost, which
makes its application in some cases unfeasible.
Therefore, in view of the above, it is suggested that further studies be carried out, especially and additionally, clinical
follow-ups, so that the limitations of the material can be resolved and the resin infiltrant achieves a more effective performance
than the existing one.
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