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Color evaluation of white
spot lesions treated
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juice storage
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Aim: To evaluate the color stability of bovine enamel with
artificial white spot lesions treated with resin infiltration (ICON)
or remineralization with fluoride using two storage methods.
Methods: Sixty incisors were submitted to artificial white spot
lesion induced by demineralization-remineralization (DE-RE)
cycling. Initial color was evaluated with CIE-Lab to measure AE,
Demineralized teeth were divided according to the treatment of
the white spot lesion (n = 20): 1) Remineralization with 2% neutral
fluoride gel for 4min (control); 2) ICON application following
manufacturer's recommendations; and 3) ICON with decreased
drying time after the application of ethanol. After 24h, color was
evaluated and samples were subdivided (n = 10) according to
storage: 1) distilled water for 1 month; 2) grape juice for 10min
daily. After storage, color was evaluated. L*, a* and b* data were
analyzed by one-way ANOVA and AE_, data by two-way ANOVA
followed by Tukey's HSD (a = 0.05). Results: L* was affected
by juice storage, and decreased when ICON was applied with
decreased drying time after the ethanol application. The same
behavior occurred with a* (increase with reduced drying time),
while b* was not affected. For AE, significant differences were
observed between groups (p = 0.0279) and storage methods
(p = 0.0007). There was no interaction effect (p = 0.1118).
Remineralization with fluoride presented the lowest color changes
after storage in water. Conclusion: Treatment of artificial carious
lesions with resin infiltration presented greater color changes than
fluoride remineralization after storage in both solutions in vitro.
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Introduction

Dental caries is a common multifactorial disease that depends on host susceptibil-
ity, microorganism contamination, sugar rich diet and time for progression'. Enamel
carious lesions are initially characterized by a pseudo intact surface layer and loss
of minerals within the lesion body?. Its first clinical sign is the presence of opaque
white spot lesions, which consist of non-cavitated subsurface lesions that can be
treated conservatively using preventive approaches®. Among these approaches, the
application of fluoride in the form of solution, gel or varnish are the most common
in dental clinics, since it is cost accessible and easy to use* In addition, the intro-
duction of resinous materials to seal pits and grooves and to infiltrate white spot
lesions brought the advantage of being an immediate treatment. However, studies
with infiltrant in anterior teeth have questionable esthetic in masking white spot
lesions in the long-term®”.

The appearance of a white spot occurs due to the imbalance in the processes of
demineralization and remineralization that precedes the presence of early caries in
enamel®. The increased porosity of the tissue allows air penetration within the enamel
structure, resulting in altered optical properties of the dental surface that occur due to
the difference in the refractive index between hydroxyapatite and air, which are 1.62
and 1.00, respectively®. These changes cause the appearance of opaque white spots,
which can be reversed through remineralization procedures. Because of this revers-
ible characteristic, any white spot lesion should preferably be detected and treated,
thus avoiding further loss of tooth structure and possible need of restoration?®.

The method for treatment of incipient caries with the use of infiltrating agents was
introduced in the past decade. The product, known commercially as ICON (DMG,
Hamburg, Germany), can be used on proximal or smooth areas and is a highly fluid
resin, which improves its penetration and results in an increased microhardness of
the lesion surface'. Besides, ICON promotes masking of white spot lesions based
on changes in light scattering previously described™. ICON infiltrant is presented
in a kit consisting of three separate steps: 1) ICON Etch (15% hydrochloric acid),
to remove the mineralized surface layer; 2) ICON Dry (99% ethanol), to penetrate
in the demineralized enamel and dentin, to remove water and to improve the pen-
etration of resin monomers, and 3) ICON Infiltrant, a light-curing resin, composed
of triethylene glycol dimethacrylate (TEGDMA). Through a non-invasive procedure,
the resin penetrates the subsurface lesions without further damaging the tissues
and prevents infiltration and diffusion of cariogenic acids inside the lesion, arrest-
ing caries progression'?.The low viscosity of resin monomer and the high penetra-
tion coefficient are favorable characteristics of this material'. Clinical studies con-
cluded that the use of infiltrating agents to control caries disease by non-operative
approaches were more effective in reducing the progression of proximal caries than
using invasive methods™ ™

Although resin infiltration of white spot lesions has been showing promising results'®'®,
The application of this material should be properly indicated, since the infiltrant acts
differently in primary and permanent teeth due toto differences in the degree of miner-
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alization of each dentition'®. Besides, that effect on white spots depends on the depth
of penetration of the resin infiltrant'”. Previous studies have reported limitations for
the infiltrant to penetrate in lesions affecting dentin, attributing it to the presence of
water in this tissue which restricts the penetration of resin monomers™. In addition,
depending on the sorption and solubility of the resinous matrix, the long-term expo-
sure to dyes and acidic solutions may degrade resin monomers through processes of
swelling, plasticization, softening, oxidation, and hydrolysis, affecting its color stabil-
ity'®. Based on these previous assumptions, the infiltrant application technique should
be strictly performed according to the manufacturer's recommendation and further
studies are necessary to determine the long-term benefits of the infiltrant applica-
tion'™?°. Thereby, a hypothesis to be studied is whether possible variations and/or
errors in the infiltrating technique could compromise the success of the final treat-
ment. In addition, the esthetic aspects related to the use of ICON should also be fur-
ther investigated, evaluating its effectiveness of resin infiltrants to mask white spots
lesions in anterior teeth.

For this reason, it is important to consider the esthetic aspects after the application of
infiltrants, since changes in color should be expected, considering the material aging,
in which it is exposed to staining agents found in patient’s diet. These extrinsic color
changes can be found in foods and beverages, such as soft drinks, fruit juices and cof-
fee. Due to the solubility and water absorption rate, the extrinsic coloring susceptibility
of this resinous material may be linked to the resin matrix used'®. Due to these factors,
analyzing patient’s habits, age and resin properties are of great relevance in order to
avoid future esthetic problems. Furthermore, variations in the application technique
related to inappropriate drying of the tooth may also play an important role in the final
color. Thus, it is important to evaluate whether variations in the application technique
and regarding exposure to staining solutions would influence the color stability of
teeth with artificial white-spot lesions treated with ICON.

Therefore, the purpose of this in vitro study was to evaluate the color stability of bovine
enamel with artificial white spot lesions, treated with infiltrating resin (ICON) or rem-
ineralization with neutral fluoride using different application techniques of ICON and
two forms of storage (water or juice).

Materials and Methods

Sixty sound, free of cracks or malformations, bovine teeth had their color evaluated
(initial sound) using a CIE-Lab based spectrophotometer (VITA Easyshade 3D Mas-
ter, Vita Zahnfabrik, BaddSackingen, Germany). The color readings were standardized
by performing the analysis in the same room with controlled illumination by the
same operator. The tip of the device was held perpendicular to the enamel surface
and three readings were performed for each specimen. Subsequently, artificial white
spot lesion was induced by demineralization-remineralization (DE-RE) cycling at pH
4.7 and 37°C for 7 days?'. The bovine tooth samples were immersed in demineral-
izing solution during 6h for 5 days and after immersed in remineralizing solution
during 18h in the last 2 days of cycling. The demineralizing and remineralizing solu-
tions used in this process are composed respectively of: 2.0 mM Ca(NO,),.4H,0,
2.0mM NaH,P0,.2H,0, 0.077mM acetate buffer, 0.02 ppm F (demineralizing solu-
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tion); and 1.5mM Ca(NO,),.4H,0, 0.9mM NaH,PO,.2H,0, 150mM KClI, 0.Tmol/L tris
buffer, 0.03ppm F (remineralizing solution). After the induction of artificial white
spot lesion, a second color measurement was performed (initial white spot).

For the sake of confirming the white spot lesion formation, the color change caused
DE-RE cycling (AE,,) was calculated using the CIE-Lab color system from the individ-
ual values of L*, a* and b*, according to the following equation:

AE, = [(AL*)? + (Aa¥)? + (Ab*)]72

AL* Aa*and Ab * represent the differences between the readings of the color param-
eters before and after pH cycling. All teeth had AE_, considered visible to the human
eye being AE , > 3 (mean value of 4.85)>2.

Groups were divided according to the treatment of white spot lesions (n = 20 per
group): 1) remineralization with neutral fluoride gel 2% (Flugel, DFL Industria e Comér-
cio SA, Rio de Janeiro, RJ, Brazil) for 4 min (control); 2) ICON (DMG do Brasil, S&o
Paulo, SP, Brazil) application according to the manufacturer's recommendations; 3)
ICON application with decreased drying time after the application of ethanol (ICON
dry). For determination of the sample size, a and B errors of 5% and 20% were respec-
tively set and a standard deviation of 1.5 obtained in the pilot study was used.

For group 1, the surface was cleaned with fine pumice and rubber cups, followed by
application of thee neutral fluoride for 4 min. Excesses were removed with a micro-
brush. For groups 2 and 3, the surface of the specimens was also cleaned, followed
by acid etch with 15% hydrochloric acid (ICON-Etch) for 2 min, washing with water
and drying with air jets for 30s. Ethanol (ICON-Dry) was applied for 30s followed by
drying with air for 30s (group 2) and for 5s (group 3). The infiltrator (ICON-Infiltrant)
was applied to the surface twice, the first time for 3 min and the second time for
1T min according manufacturer's recommendations followed by photoactivation
(VALO Cordless, Ultradent Products Inc., South Jordan, UT, USA) for 40s both appli-
cation steps. The LED device was used in standard mode at 1000 mW/cm?. A digital
flat-response power-meter (New Port - model 2936-R; Irvine, CA, USA) was used
to measure the power in W with the tip of the light source placed in close contact
with the device. The irradiance (in mW/cm?) was obtained by dividing the power
(in mW) by the area of the LED tip?. After photoactivation a third color reading was
performed (ICONO).

The specimens were stored in artificial saliva*, composed of: 1.5mM/L Ca(NO,),.
4H,0, 0.9mM/L NaH,P0O,.2H,0, 150mM/L KCI, 0.1mol/L tris buffering, 0.03 ppm F
for 24h to rehydrate the surface of the tooth and the infiltrant matrix and another
color measurement was performed (ICON24h). Each group (n=20) was subdivided
into 2 subgroups (n = 10 per subgroup) according to the storage form: 1) distilled
water for one month; 2) grape juice (Frupic, Ind. And Palazzos Ltda. Trade, Jabotica-
bal, SP, Brazil) for 10 minutes daily, followed by storage in distilled water for 23:50h
for 5 days.

The color stability (AE) was calculated using the CIE-Lab color system to obtain AE_,
from the individual values of L*, a* and b*, according to the following equation:
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AEab - [(AL*)Z + (Aa*)z + (Ab*)z]wz (1)

AL* Aa*and Ab * represent the differences between the readings of the color param-
eters. AE, represents the difference between the measurements obtained after artifi-
cial white spot lesion induction and in sound enamel. AE | stands for the difference
between measurements taken after water or juice storage and values assessed after

24h on artificial saliva.

The data was evaluated for normality using Kolmogorov-Smirnov test. L*, a* and b*
data were evaluated with One-way ANOVA and Tukey's HSD. AE,, data were analyzed
by Two-way ANOVA considering treatments considering treatments and storage
methods as independent variables. Tukey's HSD was applied for multiple comparison.
A global level of significance of 5% was adopted (a = 0.05). Data was analyzed using
the software Statistica 13.3 (Statsoft, Dell Software, Round Rock, TX, USA).

Results

L*, a* and b* mean values and standard deviations are presented in Figures 1 to 3,
respectively. L* was mainly affected by the juice storage, and decreased when ICON
was applied with decreased drying time after the application of ethanol. The same
behavior occurred with a* (increase with reduced drying time), while b* was not
affected. Analysis of variance of AE_ is presented in Table 1. Means and standard
deviations for AE, data are presented in Figure 4 and Table 2. Significant differ-
ences were observed between the groups (p = 0.0217) and between storage meth-
ods (p = 0.0007). For measurements made after storage in water/juice, AE_ values
were lower for samples treated with fluoride and ICON with recommended time, both
stored in water. The highest AE_ values was found for samples treated with ICON
with recommended time stored in juice.
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Figure 1. Graphic representation of L* mean values and standard deviations. Different letters indicate
statistical significant difference (p < 0.05).
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Figure 2. Graphic representation of a* mean values and standard deviations. Different letters indicate
statistical significant difference (p < 0.05).
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ues greater than 1. There was no interaction effect between groups and storage
methods (p = 0.1119). Treatments with fluoride have shown lower AE | values after
storage methods when compared to both treatments with ICON. No statistically
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Table 1. Results from 2-way ANOVA of AE_ means.

Degree of Sum of Mean of

Variables of interest Freedom Squares Squares F p
Intercept 1 2232.342 2232.342 197.6146 0
Group 2 92.87969 46.43985 4111016 0.021784*
Storage 1 145.864 145.864 12.91239 0.000706*
Group*Storage 2 49.89429 2494714 2.208408 0.119704
Error 54 610.0078 11.29644
* Statistical significant difference for p<0.05.
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Figure 4. Graphic representation of AE . Uppercase letters indicate difference between groups of treatment
(fluoride, ICON - Recommended time and ICON - Reduced time) and lowercase letters indicate difference
between storage methods (water and juice).

Table 2. Mean AE, and standard deviation for treatment groups and storage methods.

Group Storage AE,
Water 2.15 (1.24)r2
Fluoride
Juice 6.53 (2.09)7°
Water 4.83 (2.33)82
Icon - Recommended time
Juice 9.25 (3.38)8°
Water 6.64 (4.73)82
Icon - Reduced time
Juice 7.18 (4.75)8°

Uppercase letters indicate difference between groups of treatment and lowercase letters indicate difference
between storage methods (p < 0.05).

significant difference was observed between ICON applications with reduced drying
time. Storage in grape juice resulted in higher AE, mean values compared with
storage in water.
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Discussion

Resin infiltration is currently indicated to mask defects in enamel staining, such as
white spot lesions. In this case, ICON can prevent the progression of non-cavitated
enamels caries®?25, This material improves the esthetic aspects of the lesion due
to monomer infiltration through porosities of white spot lesions, decreasing their
opacity®. The present study was designed to evaluate the color stability of bovine
teeth with artificial white spot lesions treated with remineralization (Flugel, DFL
Industria e Comércio SA) or resin infiltration (ICON, DMG) using two different
application techniques.

The CIE-Lab represents a uniform color space with three distinct axes: L*, a* and b*.
L* is the measure of brightness, and the closer to zero, the less brightness the object
has and the closer to 100, the brighter. The negative value of a* indicates a measure
of green color and, when positive, indicates a measure of red color. The positive b* is
a measure of the yellow color and, when negative, of the color blue. When a* and b*
are close to zero, the color is neutral®. The CIE-Lab was used in this study because
it is able to evaluate the lightness-darkness, red/green and blue/yellow color mea-
surements. Previous studies have demonstrated that such parameters are enough
to evaluate white spot lesions, since these lesions are more opaque and whiter than
healthy enamel. Although some studies use CIEDE2000 system (AE,,) to assess
color measurements, the CIE-Lab system is still a reliable system used and has been
used in recent studies to evaluate color stability of white spot lesions’?¢.Based on
this CIE-Lab system, it is possible to calculate the AE_, and compare it with a visual
perception already reported in the literature (color variation is imperceptible when
<1, clinically acceptable when <3.3 and unacceptable when above 3.3)?2. In the pres-
ent study, color coordinates were obtained at several time intervals as described in
the materials and methods section. However, since the aim was to address color
changes through AL*, Aa*, and Ab* calculation after two protocols of ICON appli-
cation as compared to fluoride remineralization, only L*, a*, and b* values collected
24 h after storage in artificial saliva were considered for AE_ calculation. It should
be noted that, immediately after the application of ICON and fluoride, samples were
dehydrated, leading to altered measurements and for this reason these values were
not applied to the AE_, equation. Changes on color coordinates L*, a*, and b* were
presented in figures 1to 3, which revealed significant differences in mean values for
L* and a* when ICON was applied with decreased drying time after the application
of ethanol. a values were also higher for samples treated with ICON reduced time
after storage in juice. L*, a*, and b* values provide a clue to possible color changes,
AE, values are more appropriate to indicate significant color changes visible to the
human eye. Thereby, the present study was effective in inducing the formation of
artificial white spot lesions, which can be verified by the value of AE,, of 4.85, which
is greater than 3 for samples of all experimental groups and assess color differ-
ences between different treatments of white spot lesions.

The first hypothesis of this study was that a simple error in the application proto-
col of ICON, such as a marked decrease in the time of evaporation of ethanol after
acid conditioning, could influence its color stability. This hypothesis, however, was not
confirmed, since no statistically significant difference was observed between ICON
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experimental groups. As the application of ethanol has the purpose of dehydrating
the surface and increase the penetration power of the infiltrate within the lesion due
to the removal of water molecules from the enamel portions, an error in this step
could decrease the subsequent penetration of the infiltrating agent or, eventually, dis-
rupt its polymerization'. However, the decrease in ethanol evaporation time after the
acid conditioning step did not influence the color stability of the infiltrator. This result
can be possibly attributed to better penetration capabilities of TEGDMA-based res-
ins'®, because it has a lower viscosity. A previous study accomplished by Gray and
Shellis® (2002) show that the efficacy of infiltration penetration depth is related to the
increase of etching time. However, increasing the etching time can lead to wear of the
enamel surface?’. It should be noticed that not only the change in manufacturer’s pro-
tocols could influence the curing efficiency of resin-based materials, but also variables
related to the operator have a major impact in the final outcomes?.

Another hypothesis evaluated is that storage in grape juice would cause significant
color change. The present study demonstrated that ICON is susceptible to staining
when exposed to a natural agent such as grape juice. Despite adequate polymeriza-
tion and polishing, resin-based materials are susceptible to pigmentation caused for
common food substances and can produce significant discoloration of these mate-
rials'?%%0 This hypothesis was confirmed, since all AE,,, values in which ICON was
applied were higher than 3.3 units, agreeing with the work of Borges et al.’®* (2014)
which explains the clinically unacceptable color change after exposure to staining
solutions. In general, all groups and subgroups had AE_ greater than 3.3 units, except
when fluoride was applied followed by storage in water. This means that storage in
water caused a color change in resin-based materials that can be considered clini-
cally significant and noticeable, whilst storage in grape juice induced color alterations
for all experimental groups. These results are in agreement with other studies which
demonstrated significant changes in color after coloring processes related to storage
in pigmented solutions®262931,

These changes can be explained by the composition of the ICON, since it has TEGDMA
on this matrix. TEGDMA monomer has high sorption of water and has a hydrophilic
behavior in comparison with other monomers, which can either facilitate its depth
of penetration in the white spot lesion and increase its susceptibility to degradation
in water'323 As a result it can be assumed that the infiltrant can easily absorb the
dyes present in beverages and food, affecting its color stability®*. Additionally, the sole
absorption of water in the resinous materials matrix could be enough to cause color
changes, which are illustrated in figure 1. Trying to avoid this effect, some authors
suggested that the polishing of the specimens could minimize the staining effect’ 4,
However, the polishing alternative may result in unnecessary enamel wear caused by
abrasion®*. An alternative would be to perform a bleaching procedure, which does not
promote the removal of enamel**.

Resin infiltration was shown to reliably mask artificial caries lesions in vitro, following
the trend of a previous studies”3. Within the limitation of this in vitro experiment, the
results obtained from the present study could be of clinical relevance. A decrease in
the ethanol evaporation time after an acid conditioning stage did not influence the
color stability of the infiltrator. However, L* and a* were affected, without influenc-
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ing AE. Additionally, this study did not evaluate the infiltrator penetration depth. Fur-
ther studies could be conducted evaluating the color changes occurring in the resin
matrix maturation of ICON itself, without the influence of environmental factors, such
as saliva, food dyes, water, dental structure or ions from oral cavity and the effect of
infiltrator penetration depth on color stability.

Both materials tested showed significant color changes after exposure to staining dyes.
Itis assumed that while the ICON may help the initial aesthetic problem associated with
white spot lesions, the resin may suffer from spotting over the time, especially when the
patient ingests foods and beverages containing dyes. For this reason, the use of fluoride
remineralization seems to be a good alternative, since it is clinically easy to perform and
provides better long-term color stability in comparison to resin infiltration. ICON on the
other hand, is known to provide satisfactory esthetic masking of the white spot lesion
in an immediate one session application, requiring further polishing in future sessions
to maintain its effectiveness. Therefore, such factors should be considered by the clini-
cians when choosing the treatment of white spot carious lesions.

Within the limitations of an in vitro study, the use of fluoride is preferable for treating
white spot lesions rather than the application of resinous infiltrant because it's ability
to prevent staining. Furthermore, the decrease in the ethanol evaporation time did not
influence the color stability of the infiltrator, allowing the reduction of this clinical step
time. More in vivo studies are necessary to validate the potential of ICON resin infiltra-
tion technique in providing color stability for white spot lesion treatment, since other
clinical factors may be related.
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