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Abstract 
Resin infiltration ICON® has made it possible to treat initial caries lesions in a novel manner that is consistent 
with the concept of minimal intervention dentistry. Infiltration of caries lesions is a novel technique for 
treating non-cavitated lesions on the proximal and smooth surfaces of primary and permanent teeth. The 
greatest benefit of this method is that it is non-invasive, preserves tooth structure and can be completed in 
a single visit. This narrative review intends to discuss the properties of the material, its clinical applications 
and its effectiveness in terms of caries inhibition and esthetics effect, surface roughness, microhardness and 
penetration ability. There are a number of high-quality studies that support the use of ICON® in arresting non-
cavitated proximal caries lesions in primary and permanent teeth.  However, the masking ability in managing 
anterior white spot lesions and fluorosis is still doubtful. Among the material limitations were its questionable 
long-term color and material stability.  
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Introduction 
In recent years, non-invasive or micro-invasive 
techniques have supplanted traditional restorative 
therapy in dental care (1). These therapies aim to 
minimize pain and costs, restore functionality and 
aesthetic, and proactively rebuild healthy tooth 
structure (1). Caries lesions can be treated non-
invasively using dietary control, mechanical biofilm 
removal, or remineralization therapy (2). Although 
the remineralization of the enamel lesion with 
fluoride and casein phosphopeptide amorphous 
calcium phosphate (CPP-ACP) shows promise (1, 2), 
their effectiveness hinges on adequate patient 
compliance (2). Due to this, a different strategy for 
the minimally invasive treatment of demineralized 
enamel lesions has been developed, known as resin 
infiltration (1, 2). Currently, the only resin infiltration 
product on the market is ICON® (DMG, Hamburg, 

Germany), originally developed to prevent the 
progression of proximal caries lesions (2).  
 
ICON®, which stands for "Infiltration concept," is the 
brand name for a resin infiltration product that is 
available in packages for restoring both proximal and 
vestibular surfaces (3). ICON® represents a novel 
treatment option for white spot lesions (WSL), 
bridging the gap between non-surgical and surgical 
modalities (1). Its primary characteristics include 
being non-invasive, preserving tooth structure, and 
the ability to be performed in a single visit (3). Initially, 
this approach aimed to slow the progression of non-
cavitated caries lesions by preventing cariogenic acid 
penetration and preserving healthy tooth tissue (2, 
3). Its application was subsequently expanded to 
enhance the appearance of tooth discoloration, 
fluorosis stains, white spots, and other dental 
abnormalities such as amelogenesis imperfecta or 
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molar incisor hypomineralization (3). It is a 
microinvasive technology that replenishes, 
reinforces, and stabilizes demineralized enamel 
without requiring drilling or compromising healthy 
tooth structure (2). ICON® offers numerous 
advantages: it preserves tooth structure, preventing 
caries progression, fills micropores within the lesion, 
delays the need for restorative treatment, reducing 
recurrent caries, mitigates risks of pulp inflammation 
and postoperative sensitivity, lowers the risk of 
periodontitis and gingivitis, and enhances esthetics 
outcomes by effecively masking demineralized 
enamel (1, 4). This review aims to elucidate the 
scientific basis and principles underlying the ICON® 
technique and explore its clinical applications, 
focusing on caries inhibition, esthetics improvements, 
surface roughness, microhardness, and penetration 
efficacy — all of which have practical implications in 
clinical practice.  
 

ICON®: Composition, mechanism of action and 
technique of application 
ICON® contains 15% HCl as an etchant, ethanol as a 
dehydrating agent, and triethylene glycol 
dimethacrylate (TEGDMA) resin as an infiltrant (4). 
This technique involves etching the tooth lesion 
surface with 15% HCl for two minutes, adequately 
desiccating the tooth, injecting a low-viscosity resin 
into the demineralized enamel intercrystallite space 
via capillary force, and then light-curing the resin (4). 
HCl gel is applied to the affected areas, including the 
vestibular and proximal regions, using a specific 
applicator tip. Prior to ICON® treatment, a latex 
rubber dam must be placed to prevent salivary 
contamination, which reduces the treatment’s 
effectiveness, and to protect soft tissues from HCl, 
which can cause transient bleaching and chemical 
burn. The manufacturer‘s protocol recommends 
applying the etch gel for two minutes, followed by 
cleaning and drying for thirty seconds using a triple air 
syringe. Afterward, ICON® Dry (99% ethanol) is 
applied. Clinicians should monitor the lesions at this 
stage, as the application of ICON® Dry highlights the 
areas where the ICON® infiltrant will be effective (2). 
If the enamel discoloration does not significantly 
improve after using ICON® Etch and ICON® Dry, the 
manufacturer suggests repeating the etch, wash, dry, 
and ethanol application stages twice more (2). The 
ICON® infiltrant is then applied for three minutes 
using a light applicator, followed by the application of 
resin and light cure for three minutes. The resin 
application may be repeated for an additional minute 

if necessary. ICON® penetrates demineralized enamel 
lesions, occluding intercrystalline space via capillary 
force. It forms a polymer that micromechanically 
interlocks the remaining enamel prisms, blocking 
hydrogen ions, thereby preventing further 
demineralization and caries progression (5).  
 
However, a hypermineralized pseudointact enamel 
caries surface layer can create a barrier that inhibits 
the capillary action of the ICON® (6). The use of 15% 
HCl to remove this surface layer is efficacious and 
believed to be advantageous for a deeper infiltration 
of the resin into the body of the lesion (1). According 
to the manufacturer recommendations, etching 
cycles are typically conducted in sets of three cycles 
(6).  After the tooth has been etched, it is essential to 
inspect the lesion to determine if the etching has 
sufficiently penetrated the lesion substance by 
applying ethanol. Rewetting the lesions with ethanol 
appears to be a reliable indicator of the required 
number of etching cycles (7). If there is no reduction 
in enamel discoloration after using ethanol, the 
manufacturer recommends repeating the etching, 
washing, and ethanol application procedure twice 
more (6).  
 
Typically, two applications of the ICON® infiltrant are 
necessary for effective resin penetration (2, 6).  Due 
to the material’s tendency to contract after the first 
application, leaving a gap that the second application 
of resin can fill, ICON® infiltrant is applied twice (4). In 
vitro studies have indicated that a second application 
of ICON® infiltrant can increase the microhardness 
values by compensating for polymerization 
contraction, hence promoting a greater filling of the 
microporosities. Table 1 shows a summary of studies 
related to ICON®. 
 

Caries inhibition properties of ICON® 
The American Dental Association 2018 evidence-
based clinical practice guideline endorses the use of 
ICON® in non-cavitated occlusal and proximal early 
enamel lesions (7). The guideline recommends the 
use of ICON® alone or in combination with 5% 
fluoride varnish for arresting and reversing non-
cavitated lesions on the proximal surface, whereas for 
lesions on the occlusal surface, a combination of 
ICON® and 5% fluoride varnish can be considered as 
an alternative to the conventional treatment of using 
fluoride varnish or fissure sealant (7).  
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Table 1: Summary of study related to ICON® 

 

Caries inhibition 

Author/ 
type of study 

Tooth Main findings 

Cebula et al. 2023 
(8)/ SR 

Non-cavitated proximal 
carious lesions 

ICON® in combination with non-invasive treatments (e.g., oral hygiene and 
dietary control, topical fluoride, etc.) is more efficacious than non-invasive 
treatments alone in treating proximal caries lesions in both primary and 
permanent teeth. 

Urquhart et al. 
2019 (9)/ SRMA 

Non-cavitated proximal 
caries lesions 

The combination of ICON® and 5% NaF varnish may be the most effective 
treatment for non-cavitated carious lesions on the proximal surfaces of 
permanent and primary teeth (low certainty). 

Tedesco et al. 2022 
(10)/ SRMA 

Primary teeth with initial 
caries lesion 

The use of micro-invasive approaches, as ICON® or sealing, are more 
effective than non-invasive professional treatment or oral hygiene to arrest 
proximal caries lesion. ICON® is the most effective approach to avoid the 
progression of initial caries lesions in primary teeth, especially in proximal 
surfaces. 

Lin et al. 2022 (11)/ 
Umbrella review 

Primary and permanent 
teeth with WSL or ICDAS 1 
or 2 

ICON® technique was observed to cause a significant reduction in the risk 
of caries progression for both primary and permanent teeth when 
compared to the placebo or control groups (fluoridated toothpaste, 
fluoride varnish, universal self-priming bonding agent, micro-abrasion, oral 
hygiene instructions and diet counselling or no treatment). 

Liang et al. 2018 
(12)/ SRMA 

Non-cavitated proximal 
caries primary or 
mixed/permanent dentition 

ICON® is effective at halting the progression of non-cavitated proximal 
caries associated with Dentoenamel junction, whereas the therapeutic 
effects of resin sealant for varying caries depths require further 
investigation. 

Chen et al. 2021 
(13)/ SRMA 

Primary or 
mixed/permanent dentition 
proximal or approximal 
non-cavitated caries 

ICON® and sealing were more efficacious than non-invasive therapies for 
arresting the progression of proximal carious lesions. In both the primary 
and permanent dentition, ICON® and sealing was efficacious. 

Faghihian et al. 
2019 (14)/ SRMA 

Primary or permanent 
dentition 

ICON® technique is effective in preventing initial caries progression in 
primary and permanent teeth. 

Chatzimarkou et al. 
2018 (15)/ SRMA 

Primary or 
mixed/permanent dentition 
with proximal caries lesions, 
extending at enamel to the 
outer third of dentin. 

Strong evidence indicated that proximal caries lesion progression was less 
likely to occur in permanent teeth following treatment with ICON® and oral 
hygiene measures as compared to non-invasive methods (oral hygiene 
instructions) for 18- to 24-month follow-up. 

Doméjean et al. 
2015 (16)/ SR 

Non-cavitated caries lesions 
ICON® appeared to effectively halt the progression of non-cavitated caries 
lesions. 

Ammari et al. 2015 
(17)/ SRMA 

Non-cavitated proximal 
lesions in primary or 
permanent teeth 

ICON® of non-cavitated proximal lesions is effective, as the progression of 
caries was significantly reduced when this technique was utilized. 

Dorri et al. 2015 
(18)/ SRMA 

Proximal carious lesions, 
extended into enamel or 
dentin primary and 
permanent teeth 

Microinvasive treatment of proximal caries lesions arrests noncavitated 
enamel and initial dentinal lesions (limited to outer third of dentine, based 
on radiograph) and is significantly more effective than noninvasive 
professional treatment (such as fluoride varnish) or advice (such as 
flossing). 

Esthetic effects 

Ibrahim et al. 2023 
(19)/ SR 

Primary and permanent 
teeth with WSL or ICDAS 1 
or 2 

ICON® achieves the best esthetic outcomes compared with microabrasion 
and remineralization therapy. Color stability was achieved with this 
material for up to 24 months and no adverse effects were noted. Factors 
contributing to the esthetic outcomes of the resin include the elimination 
of the hypermineralized surface layer, the homogeneity of the resin itself, 
and polishing after ICON® infiltrant. 

Casaña-Ruiz et al. 
2023 (20)/ SR 

Hypoplastic or 
hypomineralized enamel 
defects 

Treatments carried out to date with the ICON™ in pediatric patients provide 
better results for the treatment of hypoplastic or hypomineralized enamel 
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defects if combined with other Opalustre-type materials or prior 
remineralization. 

Bulanda et al.  
2022 (21)/ SR 

MIH 

The ICON® system may be successfully used to infiltrate tooth 
decalcification in children with MIH. However, the depth of infiltration and 
the achievement of enamel hardness after such therapy are not precisely 
defined. 

Lin et al. 2022 (11)/ 
Umbrella review 

Primary and permanent 
teeth with WSL or ICDAS 1 
or 2 

ICON® can be regarded as an effective treatment modality in minimizing 
the risk of caries progression and improving the esthetic appearance of 
WSL. 

Bourouni et al. 
2021 (22)/ SRMA 

Post-orthodontic WSL 
and fluorosis 

ICON® has a significantly higher masking effect than natural 
remineralization or regular application of fluoride varnishes. 

Shahroom et al. 
2019 (23)/ SR 

Dental fluorosis 
ICON® showed a greater improvement in esthetics in comparison to 
bleaching. ICON® with additional infiltration time and a combination of 
ICON® with bleaching is the best treatment options. 

Somani et al. 2019 
(24)/ SR 

MIH 

ICON® techniques have shown some promise for white opacities. However, 
incomplete removal of the surface layer with the etchant is known to 
prevent complete penetration of the resin, thus making it look like the 
technique has failed. 

Di Giovanni et al. 
2018 (25)/ SR 
 

Fluorosis 
The most promising treatment for dental fluorosis appears to be ICON®, 
followed by bleaching and microabrasion. 

Saccucci et al. 2022 
(27)/ SR 

Sound enamel, 
demineralized enamel, and 
MIH, Fluorosis 

ICON® can be recommended to enhance the appearance of enamel lesions. 
On a long-term basis, the infiltrated lesions remained chromatically stable, 
demonstrating no significant color alterations. 

Borges et al. 2017 
(28)/ SR 

Post-orthodontic WSL 
ICON® technique seems to be a feasible option for color masking of enamel 
whitish discolorations, resulting both from WSL and enamel development 
defects. 

Penetration depth 

Ibrahim et al. 2023 
(29)/ SR 

Human or bovine teeth with 
sound enamel or lesion 
confined to enamel 

The key to optimal ICON® penetration depth depends on the enamel 
surface treatment with hydrochloric acid and application technique, 
infiltration duration, formulation of TEGDMA and ethanol in the resin 
composition, as well as the type and caries activity of involved teeth. ICON® 
has superior penetrability compared to fissure sealant, casein 
phosphopeptide-amorphous calcium phosphate nanocomplexes, flowable 
composite, adhesive and fluoride varnish. 

Soveral et al. 2021 
(30)/ SRMA 

Primary and permanent 
teeth with WSL or ICDAS 1 
or 2 

It was estimated that ICON® penetrated 65.4% of the overall lesion. The 
average resin penetration depth increases as application time increases. 

Surface roughness 

Soveral et al. 2021 
(30)/ SRMA 

Primary and permanent 
teeth with WSL or ICDAS 1 
or 2 

The surface roughness of both healthy enamel and WSL decreased by 35% 
and 54%, respectively, after ICON®. 

Microhardness 

Soveral et al. 2021 
(30)/ SRMA 

Primary and permanent 
teeth with WSLs or ICDAS 1 
or 2 

ICON® decreased the microhardness of healthy enamel by 24% on average, 
while it increased the microhardness of enamel with WSL by 68%. 

Zakizade et al. 
2019 (31)/ SR 

Untreated WSL 

ICON® has a significant advantage in improving the microhardness of WSL; 
however, it is unlikely that the microhardness of resin-infiltrated WSL can 
be restored to a level comparable to that of healthy enamel. ICON® was 
more efficacious than other methods (fluoride application, enamel pro-
varnish, ExciTE F adhesive and colloidal silica infiltration) for enhancing 
microhardness. 

 

Abbreviation: WSL – white spot lesion; MIH – molar incisor hypomineralization; SR – Systematic review; SRMA – Systematic 
review and Meta analysis 
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Published systematic and umbrella reviews on the 
caries inhibition ability of ICON® on early enamel 
lesions indicate that the relative risk of caries 
progression for caries infiltrated lesions is 
substantially decreased (8, 9, 10, 11, 12, 13, 17, 18). 
Infiltrating the caries lesion is more effective for both 
primary and permanent teeth than no treatment or 
other non-invasive preventive measures like fluoride 
varnish, fissure sealant, and oral hygiene instruction 
(11, 12, 13, 14, 15, 18, 19). ICON® has been reported 
to be particularly successful in primary and 
permanent teeth when the lesions reach into the 
enamel and outer third of dentin, according to a 
meta-analysis evaluating its efficiency in halting the 
progression of non-cavitated proximal lesions (9, 10, 
17, 18).  
 
The majority of the studies discovered that ICON® 
significantly slowed the progression of WSL compared 
to the control group (no treatment) and non-invasive 
interventions (oral hygiene instructions, fluoride 
varnish, fissure sealants) (8, 9, 10, 11, 12). They 
observed that the combination of ICON® and 5% 
sodium fluoride varnish resulted in a five-fold 
increased likelihood of arresting or reversing lesions 
in comparison to no treatment (9). Liang et al. (12) 
discovered that ICON® substantially slowed the 
progression of white spot or non-cavitated proximal 
enamel lesions but had no effect on underlying 
dentinal lesions. Except for individuals with moderate 
caries risk, Chen et al. (13) observed that ICON® was 
superior to non-invasive interventions for patients 
with varying degrees of caries risk.  
 
Chatzimarkou et al. (15) concluded that the 
development of proximal WSL in permanent teeth 
was less likely after treatment with ICON® and oral 
hygiene measures compared to other non-invasive 
interventions, such as oral hygiene instructions. In 
addition, Doméjean et al. (16) and Ammari et al. (17) 
discovered that with ICON®, the risk of non-cavitated 
proximal lesion development in both primary and 
permanent teeth was significantly reduced. The 
authors also noted that the comparison of ICON® 
efficacy and progression of caries lesions on primary 
and permanent teeth favors the successors, primarily 
due to the structural difference between the enamel 
of primary and permanent teeth (16, 17). The enamel 
structure of primary teeth is less mineralized, more 
porous, and thinner than that of permanent teeth 
(11, 14, 18). Therefore, the progression of lesions is 
more rapid in primary teeth (18). With the 
incorporation of more recent follow-up reports, the 

long-term efficacy of the treatment was confirmed, as 
lesion progression was monitored for at least 36 
months in the majority of trials assessing lesions in 
permanent teeth, and for seven years in one study 
(8).  
 

The esthetics outcomes of ICON® 
Masking enamel lesions with ICON® is based on 
variations in light scattering within the lesions (1, 6). 
The refractive index (RI) of healthy enamel is 1.62 (19, 
20). The demineralized lesions are filled with either a 
watery media (RI = 1.33) or air (RI = 1.0) (4). The 
difference in RI between the enamel crystals and the 
media within the porosities induces light scattering, 
which gives these lesions a white, opaque look, 
particularly when they are dehydrated (3, 6, 21). 
ICON® infiltrant (RI = 1.52) has an RI that is nearly 
identical to that of apatite crystals, consequently, the 
difference in RI between porosities and enamel is 
minor, and lesions resemble the surrounding healthy 
enamel, thereby concealing the lesion (6, 21).  
 
A meta-analysis conducted by Bourouni et al. (22) 
revealed that ICON® resulted in a substantially 
greater optical improvement than the regular 
application of fluoride varnish (22). The author also 
stated that the masking effects of fluoride varnish 
could take up to six months, unlike the concealing 
effect of ICON®, which is immediate (22). In addition, 
Ibrahim et al.  (19) concluded that both techniques 
enhance the esthetics outcome of WSL, but lesions 
treated with ICON® had better and longer esthetics 
outcomes. Moreover, ICON® has been found to be 
the most effective method for enhancing the 
esthetics of dental fluorosis (22, 23). ICON® yields the 
most esthetically pleasing results when compared to 
bleaching and microabrasion (24, 25). 
 
Increasing the etching duration would result in more 
effective masking of fluorosis. Etching is repeated 
until there is a discernible change in the color of the 
tooth surface to ensure deep penetration of the 
ICON® infiltrant to the depth of the hypomineralized 
zone. On severe fluorosis, a combination of at-home 
bleaching with 16% peroxide and carbamide and a 
later clinic visit using the ICON® method worked best. 
As opposed to more invasive procedures like direct 
resin restorations or ceramic veneers, this minimally 
invasive therapeutic technique proved to be a 
successful clinical choice. For instance, repeated 
etching cycles are necessary for deeply seated 
lesions, and Ibrahim et al. (6) found that five etching 
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cycles are optimal for concealing demineralized 
lesions.  
 
The literature demonstrates that molar incisor 
hypomineralization (MIH) responds differentially to 
ICON® (22, 23). The success of concealing MIH lesions 
is contingent on the thickness of the mineralized 
surface layer (23). These opacities typically extend 
deep into the enamel, can be localized within the 
enamel, and can expand throughout its thickness, 
making the defect volume impermeable (24). ICON® 
penetrates MIH teeth although not as widely as in 
caries lesions and does not reach dentinoenamel 
junction (21, 24). Due to its higher porosity and lower 
mineral density, severe MIH teeth tend to be more 
penetrated. Nevertheless, based on a systematic 
review by Bulanda et al. (21) and Somani et al. (24), 
ICON® greatly enhanced the esthetics qualities of MIH 
affected teeth, hence improving the patient's health.  
 
Hasmun et al. (26) examined a combination of 
management strategies for incisors afflicted by MIH. 
This pragmatic study utilized a combination of 
microabrasion, ICON®, at-home tooth whitening, and 
composite resin restoration, with each participant 
receiving a tailored treatment plan based on their 
clinical need. The authors reported an improvement 
in oral health-related quality of life (OHRQoL) and 
esthetics in general (26). Bulanda et al. (21) concurred 
with Somani et al. (23) that repeated etching in MIH 
cases necessitates a longer etching time. All authors 
referenced in this systematic review have suggested 
that ICON® treatment has a chance of failure, hence 
further research into the ICON® in MIH is needed. 
They also found a correlation between lesion depth 
and shade improvement, whereby lesions deeper 
than the penetration capacity of ICON® may exhibit 
insufficient esthetics improvement. The findings of 
the current meta-analyses are also consistent with 
the findings of several non-controlled trials that 
ICON® can be a viable option to mask the WSL (22).  
 
According to Saccucci et al. (27), the ICON® 
composition of TEGDMA, which is a monomer with 
the capacity to penetrate deeply into the lesion and is 
very hydrophilic, is the primary cause of the color 
changes. This composition causes the resin to absorb 
more water, which transports the pigments deeply 
into the resin, therefore favoring the color change 
and reducing the color stability. Furthermore, long-
term contact with the oral environment is thought to 
have an effect on the surface of resin infiltrated teeth 
and may cause microcracks on the surface, resulting 

in irregularities into the surface and increasing its 
susceptibility to staining and discoloration (19, 27). 
Patients should avoid ingesting colored foods and 
beverages to prolong the durability of ICON® in 
visually significant areas (27). Current clinical findings 
on long-term color stability, as measured with a 
spectrophotometer, showed stable infiltrates and 
esthetics assimilation of color and brightness 
variations between infiltrated lesions and 
neighboring healthy enamel. If a color change occurs, 
a polishing or bleaching treatment of the invaded 
region might be performed.  
 
Polishing infiltrated lesions enhances their resistance 
to staining and can reduce the staining impact  (19, 
28). Polishing has resulted in a large reduction in total 
color difference (ΔE) values, because dyes are 
absorbed on the surface, with minimal penetration 
into resin materials or the dental substrate (29). Apart 
from that, it was discovered that polishing the 
infiltrating lesion increased the stability of the 
masking effect, most likely because it reduced the 
porosity of the surface and maybe removed the 
oxygen inhibition layer. The ΔE value after ICON® 
treatment was not statistically significant or clinically 
important at 6 months, 12 months or 24 months (19). 
That is, the demineralized camouflage effects 
obtained through ICON® were found to be color 
stable and steady over time.  
 

Surface roughness and microhardness of ICON® 
The surface roughness of both healthy enamel and 
WSL decreased by 35% and 54%, respectively, after 
ICON®, and these findings have clinical significance 
(19, 30). Soveral et al. (30) indicated that ICON® 
treatment reduces surface roughness relative to 
baseline. This demonstrated that the application of 
ICON® can seal enamel defects, resulting in a 
seamless enamel surface (30). This disclosed that the 
enamel surface treated with ICON®                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
exhibited enamel rod blockage, leaving a smooth 
surface with a uniform topography.  
 
Compared to artificial demineralization and etching 
cycles, surface roughness values were significantly 
reduced following ICON®, which is consistent with the 
findings of Ibrahim et al. (6). Since the HCl 
applications created microporosities, which were 
then filled with ICON®, the surface roughness 
decreased (6). Consequently, after applying resin to 
the surface, a homogenous layer containing groups of 
microscopic enamel grains is uniformly distributed, 
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thereby smoothing the enamel surface and reducing 
surface roughness (6, 30).  
 
Currently, ICON® is recommended due to its 
increased microhardness in comparison to untreated 
or remineralized caries lesions (31). It has been 
demonstrated that the hardness of restorative 
materials correlates with other mechanical 
properties, such as fracture resistance, elasticity, 
yield and compressive strength and abrasion 
resistance (31). This can be explained by the fact that, 
due to its low viscosity, resin fills the pores between 
the remaining crystals in a porous lesion, forming a 
diffusion barrier not only on the surface but also 
within the lesion body, causing the demineralized 
tissues to reharden and increase their mechanical 
strength (31).  
 

Limitations of ICON® 
Even though ICON® has expanded minimally invasive 
enamel opacity treatment choices, there are a few 
factors that may limit treatment outcomes (4). ICON® 
works on the infiltration principle and requires a 
particularly dry field by using a rubber dam. Other 
than keeping the environment dry, extra efforts must 
be taken to dry the lesion. In order to do this, the 
lesion area is treated with ethanol, which evaporates 
the water present in the porosities and may prevent 
the infiltration process. Also, surface conditioning of 
the lesion is necessary for ICON® (9). The early caries 
lesion hypermineralized surface layer prevents resin 
from penetrating into the demineralized lesion body, 
necessitating surface treatment with 15% HCl. Aside 
from that, ICON® has a restricted penetration depth 
into the caries lesion (11, 28). Despite several 
systematic reviews describing the efficiency of ICON® 
penetrating early enamel lesions, low-viscosity ICON® 
is restricted to the enamel structure and did not 
perform well in the dentinal lesion (28).  
 
According to Soveral et al. (30), whereas the resin 
entered 100% of the inner enamel lesion, only 64% of 
the outer dentine lesion was infiltrated by ICON®. The 
deeper the depth of the caries lesion, the lesser the 
likelihood of full infiltration (29). Extensive lesions are 
also linked to increased polymerization shrinkage and 
the formation of porosities and fissures (28, 29).  
 
Poor long-term color constancy has been linked to 
ICON® (19). Numerous in vitro investigations have 
demonstrated that the infiltrated teeth are unable to 
maintain the masking effects and are sensitive to 

discoloration by the coloring chemicals present in the 
diet (8, 19). Following immersion in coffee, tea, red 
wine, and grape juice, notable color changes have 
been documented (1, 8, 19). Additionally, compared 
to teeth treated with remineralizing agents, the color 
alterations were more noticeable in teeth with 
ICON®. 
 

Conclusion 
ICON® is an effective treatment modality for reducing 
the risk of caries progression and enhancing the 
esthetics appearance of white spot lesions. This 
technique is considered microinvasive and bridges 
the gap between non-invasive and minimally invasive 
treatment of early caries lesions, effectively delaying 
the need for more extensive restorative procedures. 
However, a limitation of ICON® is the unpredictability 
of esthetics outcomes. To improve this method and 
achieve a predictable and successful therapeutic 
strategy for various levels of enamel opacities, further 
research is essential. 
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