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Abstract 
White spot infiltration emerged as an alternative of non-invasive treatment to 
halt progression of the lesion, through the use of low viscosity resins that 
would permeate the porous enamel and form a physical barrier that would 
prevent the acid diffusion produced by micro-organisms. Purpose: To com-
pare penetration levels in artificial white spot lesions, of infiltrant resin 
ICONTM and 2 conventional adhesives systems, XP-BondTM and Single Bond 
2TM. Methodology: White spot lesions (ICDAS code 2) were caused in 75 
premolars or third molars were extracted in good conditions, by immersion in 
a 0.1 M lactic acid solution (pH 4.5) at 37˚C for 8 weeks. They were divided 
randomly into 3 groups of 25 samples and applied the following resins, Group 
A: ICONTM, B: XP-BondTM and C: Single Bond 2TM. Subsequently, the enamel 
was removed with hydrochloric acid to expose resin saturated area and the 
samples were metalized with Au-Pd for SEM observation. The resin tags 
lengths were measured on microphotographs through software, and the values 
were analyzed with the statistics ANOVA and Scheffé post-test. Results: 
There were significant differences (p < 0.05) in penetration of ICONTM (82.7 
μm ± 26.8 μm) compared to adhesive systems XP-BondTM (58.5 μm ± 29.3 
μm) and Single Bond 2TM (44.8 μm ± 32.5 μm). We found no significant dif-
ferences between the two adhesive systems (p > 0.05). Conclusion: Under the 
conditions tested, the penetration of infiltrant ICON was significantly higher 
than the adhesive systems; however, it removes the surface layer of the enamel. 
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1. Introduction 

The dental paradigm about the emergence of white spot lesions has progressed 
towards a higher preservation of healthy dental tissues, which is now known as 
minimally invasive dentistry [1] [2] [3]. Re-mineralization process obtained with 
fluoride treatment is not fast, moreover is not always achieved, part of the reason 
that resin infiltration procedure arose 40 years ago as an alternative treatment 
for white spot lesions, stopping the advance of the lesion by infiltrating low vis-
cosity resins, capable of spreading through the porous enamel structure [4] [5] 
[6]. These monomers once polymerized form a physical barrier against acid dif-
fusion produced by microorganisms, as well as they prevented the release of cal-
cium and phosphate ions from enamel, despite the acid medium [7] [8]. 

This therapeutic option is physically sustained because the mineral loss occurs 
predominantly in the sub-surface of enamel, which allows an increment in po-
rosity at this level, while the surface is less demineralized, giving it a healthy ap-
pearance [9] [10]. For this reason, the infiltrant resins, which have physical cha-
racteristics such as low viscosity, low contact angle with enamel and low surface 
tension, should be able to reach this level [11] [12]. 

In 2007, Paris et al. developed a research line using conventional adhesives by 
modifying its composition (primarily Bis-GMA, TEGDMA, HEMA and etha-
nol), with the aim of improving penetration capacity of material [5]. The result 
of their investigations was the creation of an infiltrant resin marketed ICONTM 
(DMG, Hamburg, Germany), designed specifically for treatment of white spot 
lesions [13] [14]. Even though its clinical use is actually increasing nowadays, 
there is not enough independent scientific evidence to promote its application, 
since most studies were carried out by the same group of researchers that created 
this resin [15] [16] [17] [18]. 

The purpose of this work is to determine through the SEM observation the 
penetration depth in artificial white spot lesions (ICDAS code 2) of infiltrant re-
sin ICONTM and compare it with two conventional adhesive systems of low vis-
cosity and broad clinical use, XP-BondTM (Dentsply Caulk, Milford, DE, USA) 
and Single Bond 2TM (3M-ESPE, St Paul, MN, USA). 

2. Materials and Methods 

Prior informed consent of patients, 75 healthy teeth were collected (40 premo-
lars and 35 third molars with extractive indication, without cavities, white spots 
lesion or restorations), were cleaned by using a brush and prophylactic paste and 
then stored in deionized water at 37˚C until use (Dry OvenTM, WTC, Binder, 
Germany). These teeth roots were sectioned, leaving the crown, and the pulp 
chamber was sealed with glass ionomer cement (VitremerTM, 3M-ESPE, St Paul, 
MN, USA). Each crown was covered with nail varnish, leaving a 6 × 6 mm win-
dow on the free sides. Subsequently, they were submerged in a Lactic Acid solu-
tion (α-hidroxy-propanoic acid 0.1 M, pH 4.5 stabilized with NaOH), and kept 
in dry oven for 8 weeks at 37˚C. This solution was renewed twice per week, until 
white spot lesions were obtained, under the criteria that they were visible with its 
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wet surface (ICDAS code 2).  
Then, the samples were divided randomly in 3 groups of 25 each; Group A: 

ICONTM, Group B: XP-BondTM and Group C: Single Bond 2TM and the resins 
were applied according to the following protocol:  

Group A (ICON Resin Infiltrant): 
• Surface pre-treatment with 15% hydrochloric acid gel (ICON-EtchTM) for 2 

minutes 
• Water rinsing for 30 seconds 
• Ethanol 99% application for 30 seconds (ICON-DryTM) 
• Air drying for 3 seconds 
• Infiltrant resin application (ICON-InfiltrantTM) during 3 minutes 
• Light curing for 40 seconds 
• Second application of Infiltrant resin (ICON-InfiltrantTM) for 1 minute 
• Light curing for 40 seconds (QHL 75TM, Dentsply Corporate, USA) 

Group B (XP-Bond) and Group C (Single Bond 2): 
• Surface pre-treatment with ortho-phosphoric acid 37% (Eco-EtchTM, Ivoclar 

Vivadent, Liechtenstein) for 30 seconds 
• Adhesive system application with microbrush (Multi BrushTM, Denbur Inc, 

IL, USA) during 1 minute 
• Air drying for 3 seconds 
• Second application of adhesive system with microbrush for 1 minute 
• Air drying for 3 seconds 
• Light curing for 40 seconds (QHL 75TM, Dentsply Corporate, USA) 

Once infiltrated each one of the white spot lesions with its respective resin, 
these surfaces were covered with a layer of composite in order to protect and 
sustain the infiltrated zone, (Filtex SupremeTM, 3M-ESPE, St Paul, MN, USA) 
light cured during 40 sec. with the same lamp. Later, the crowns were divided in 
two halves by a fracture perpendicular to the surface across the infiltrated le-
sions, to obtain a surface which consisted of healthy enamel-resin infiltrated 
enamel-composite (Figure 1).  
 

 
Figure 1. Longitudinal crown fracture with artificial white spot lesion on vestibular sur-
face, infiltrated by resin (arrow). E = enamel, D = dentine. 
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Then, part of the enamel was dissolved and eliminated with hydrochloric acid 
application for 15 minutes on the infiltrated zone, eliminating the enamel sur-
rounding the resin tags in order to expose them. 

Once prepared these samples were metalized with Au-Pd and were observed 
at Scanning Electron Microscope (TM-3000TM, Hitachi High Technologies Cor-
poration, Tokyo, Japan) to 500× and 1000×. They were analyzed by a software 
Image-Pro PremiereTM v.9.1 (Media Cybernetics) and the depth of penetration of 
the resins was quantified.  

We obtained 75 microphotographs to 1000×, 4 of them were eliminated be-
cause the structures formed by the resin infiltration were not easily visible and 
measurable. In each microphotograph the most complete and easily recognizable 
resin tags to be measured were selected from its base at the surface to the ter-
minal zone located in greater depth. Each tag on the microphotographs was 
measured and then averaged to obtain a value per image. 

After that, data were tabulated and analyzed statistically with ANOVA and 
post-test Scheffé. 

The p values less than 0.05 were considered significant.  

3. Results 

Microphotographs at 500× were used to have a general view of the samples, and 
the 1000× images were analyzed with Image-Pro Premiere software. The most 
intact and easily identifiable resin tags were measured in each microphotograph, 
and obtained mean values among them. The most representative images of re-
sults are shown below [Figure 2(a), Figure 2(b), Figure 3(a) and Figure 3(b)]. 

The values obtained by measuring the tags corresponding to different resins 
were tabulated and sorted out in the following Table 1 and Graphic 1. 
 

   
(a)                                                            (b) 

Figure 2. Enamel artificial white spot lesion infiltrated with ICONTM: (a) 500× on the left shows etched enamel and on the right, a 
band of uniform thickness composed by multiple resin tags; (b) In the same area at 1000×, it’s confirmed that the presence of a 
large number of these structures, whose length was measured, getting a mean of (71.7 ± 4.4) μm, and its thickness varied between 
4 μm and 8 μm. Morphologically, the tags show an irregular surface, and cylindrical or tapered shape. E = Etched enamel; I = 
ICON.  
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(a)                                                            (b) 

Figure 3. Enamel artificial white spot lesion infiltrated with XP-BondTM: (a) The left image at 500× shows resin tags of various 
lengths, etched enamel and on top of that, the composite; (b) The 1000× image shows that the resin tag length has a mean of 
(35.09 ± 12) μm, its thickness is homogeneous and apparently hollow. Fewer tags are shown on Figure 3 in comparison to Figure 
2. C = Composite; XP = XP-Bond; E = Etched enamel. 

 

   
(a)                                                            (b) 

Figure 4. Enamel artificial white spot lesion infiltrated with Single Bond 2TM: (a) At 500× can be observed the composite on the 
right, etched enamel on the left and an adhesive layer in the center; (b) 1000× image shows even fewer and shorter tags, with irre-
gular surface, and a mean length of 17.80 μm ± 9.51 μm. Fewer and shorter tags are shown on Figure 4 in comparison to Figure 2. 
C = Composite; E = Enamel; SB = Single Bond 2. 

 
Table 1. Mean values of depth penetration of different resins used for artificial white spot lesion infiltration. 

RESIN N MEAN  SD 

ICON 24 82.67 ± 26.83 

XP-BOND 25 58.53 ± 29.34 

SINGLE BOND 22 44.83 ± 32.45 

ANOVA F: 9.78; p < 0.005. 
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Graphic 1. Box plot that represents depth penetration of the resins used for artificial 
white spot infiltration. 

Statistical Analysis 

The ANOVA test found statistically significant differences among the groups A, 
B and C (p < 0.05). Scheffé post-test proved significant differences between 
groups A and B (p < 0.05) and between groups A and C (p < 0.05). No signifi-
cant differences were found between groups B and C (p > 0.05).  

4. Discussion 

White spot infiltration process, according to Dávila et al., refers to certain 
low-molecular weight monomers which have the capacity of flowing and filling 
the micropores present in white spot lesions [6]. In our study we observed that 
the infiltrant resin certainly has the ability to penetrate enamel affected by artifi-
cial white spot lesion. While infiltrant ICONTM performed better than adhesives 
systems, some studies have reported that in order to stop the progression of 
white spot lesion, penetration depth of 60 µm is necessary, and this is achieved 
with Icon infiltrant. However conventional adhesives systems under the tested 
conditions are not far from this value either [19]. 

Reviewing works that quantify the penetration depth, we found a wide range 
of results that may differ or were similar to ours. This could be explained by the 
use of different microscopic observation techniques, which involve the use of 
stains incorporated into low viscosity resins, however, it has not been deter-
mined if their physical behavior was affected. Scanning Electron Microscopy al-
lows a more objective observation of resin tags, without using chemical agents 
that might influence the ability of the infiltrant agents [20]. 

With the used experimental conditions, the penetration values obtained were 
lower than those reported by Meyer-Lueckel et al. (2011), where using natural 
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white spot treated with infiltrant resin and observing them with confocal micro-
scopy, their penetration depth value was 414 μm [21]. Another study, by Paris et 
al. (2012) also achieved higher results than ours, in which infiltrated natural 
white spots in primary teeth with ICON at different application times, obtaining 
penetration values of 286 μm (SD = 212.38 μm) [14].  

Our results were similar to those reported by Dávila et al. (1975), who ana-
lyzed through Optical Microscopy the penetration of a resin based on Resorci-
nol-formaldehyde. The depth obtained was in the order of 40 - 60 μm, but it is 
important to consider that they experimented with artificial white spots lesions 
in monkey’s teeth [6].  

Another study with similar results was Paris et al. (2007), who observed resin 
infiltrant penetration in incipient natural white spot lesions using confocal mi-
croscopy. This work compared pre-treatment of enamel with a 15% HCl gel 
versus a 37% orthophosphoric acid gel, and found penetration differences of 58 
μm (SD = 37μm) v/s 18 μm (SD = 11 μm) respectively [22]. 

The values obtained in our study were higher than those reported by Subra-
maniam et al. (2014), who also artificially induced white spot lesions and meas-
ured the penetration depth with ICON infiltrantTM with stereomicroscopy, find-
ing values in the order of 6.06 μm. (SD = 3.31 μm) [23]. Thereby, we believe that 
our experimental model could have more accuracy in measuring the length of 
tags formed through infiltration with different resins.  

These differences in penetration depth could depend on different factors, in-
cluding: 

1) White spot lesion origin: natural or induced artificially. 
2) Surface pre-treatment. 
3) Chemical composition and infiltrant characteristics. 
4) Application time of Infiltrant. 
Regarding to the origin of white spot lesion, there are differences on the Infil-

tration process. In natural white spot lesion the enamel is in a dynamic process 
of re-mineralization and demineralization, increasing resistance to acid attack 
and also incorporating organic molecules [4] [5]. These intraoral conditions re-
duces the micropores size produced in white spot lesion, explaining the greater 
resin penetration in artificially induced caries, in absence of those conditions [5] 
[19].  

To enable the low viscosity resin infiltration is mandatory to perform an ena-
mel surface pre-treatment, in order to eliminate or perforate the white spot sur-
face area, whose thickness is from 20 to 50 μm. This has been considered by 
some authors as an obstacle to reach an effective monomers penetration to the 
lesion body [16] [24] [25]. According to Hyun-Kyung et al. (2014), who com-
pared the use of 15% HCl v/s 37% orthophosphoric acid application, removal of 
surface enamel values were greater for HCl (36 μm ± 7.6 μm) than orthophos-
phoric acid (13 μm ± 2.7 μm) [25]. Even though they demonstrated that infil-
trant penetration increases with pre-treatment with Hydrochloric acid, we be-
lieve that the surface layer preservation is important for the treatment results 
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predictability. The 15% hydrochloric acid application for 2 min could remove 
more hydroxyapatite crystals than necessary or even eliminate completely the 
enamel surface, for this reason we should opt for a less aggressive pre-treatment 
that improves the permeability, avoiding the complete removal of enamel sur-
face layer. 

Resin composition is an important issue, since it is related with its penetration 
ability. Regarding proportion and monomers types, ICON infiltratedTM has a 
high content of TEGDMA, a low viscosity monomer and low molecular weight, 
with high conversion degree [12] [26]. These properties confer a great potential 
for penetration, however although it is hydrophobic, its water sorption capacity 
make it more susceptible to be hydrolyzed within on oral environment [27].  

XP-BondTM Adhesive System has a high fluidity, despite its content of UDMA 
and TEGDMA, both with high molecular weight and hydrophobic, with limited 
water solubility. It contains HEMA, a low molecular weight and hydrophilic 
monomer, with low viscosity and high water sorption ability therefore more 
vulnerable to hydrolysis [28].  

Single Bond 2TM adhesive is composed principally of Bis-GMA, a high mole-
cular weight and highly viscous monomer, and also HEMA, that improves its 
fluidity [12] [28]. With the purpose of improving the mechanical properties and 
reducing polymerization shrinkage, Single Bond 2TM has in its composition col-
loidal silica as a filler, which could modify resin viscosity, in detriment to the in-
filtration process, this could explain the lower values reached for resin tag length 
[12].  

In order to get adhesion on moisture conditions and increase fluidity, adhe-
sive systems have solvents in their composition but these could affect their po-
lymerization degree and their mechanical properties. The kind of solvent in 
tested adhesives systems could also influence on depth penetration [12] [29].  

As well as the penetration capability of an infiltrant is an important issue to 
achieve positive results in stopping the progression of incipient lesions, there are 
other factors that also affect the efficacy of these materials and should be ana-
lyzed, such as resin tags density, sealing quality, resistance to acid attack, surface 
micro-hardness, the effectiveness and stability over the long term. 

5. Conclusions 

Under the tested experimental conditions, ICON resin infiltrant obtained the 
deepest penetration of artificial caries with a mean value of 82.66 μm (SD = 
26.82 μm). There were significant differences among ICON and conventional 
adhesive systems (p < 0.05). 

The XP-BondTM and Single Bond 2TM adhesive systems reached a penetration 
mean value of 58.53 μm (SD = 29.33 μm) and 44.83 μm, (SD = 32.45 μm) respec-
tively, without a significant difference between them. Despite ICON efficacy in 
penetration, pre-treatment with hydrochloric acid for 2 minutes, removes the 
enamel surface layer. 

Clinical Relevance: Micro-invasive therapies are relevant in order to avoid 
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healthy dental tissue destruction. The knowledge and understanding of physical 
and biological behavior of these materials is priority for an advanced dental 
practice. 
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