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Introduction
Dental enamel is a non-vital, densely mineralized 
tissue covering the anatomical crown of the tooth. It is 
formed by ameloblasts, which undergo involution once 
the anatomical crown is formed. This makes enamel an 
acellular tissue, incapable of regenerating or self-repairing 
when damaged by lesions or decay.1,2

The thickness of enamel varies from approximately 
2.3–2.5 mm at the level of cusps and incisal edges to about 
1–1.3 mm on lateral surfaces, tapering further to a few 
microns near the cementoenamel junction (CEJ). 

Enamel is a highly mineralized tissue, and this important 
mineral content also makes it extremely susceptible to 
demineralization processes induced by acids produced by 
oral bacteria, leading to the formation of carious lesions. 

From an aesthetic perspective, several factors can affect 
a patient’s smile, including asymmetries, misalignments, 
agenesis, shape abnormalities of dental elements, or 
alterations in color, such as the presence of white spots.3-5 

WSLs are areas of enamel hypomineralization without 
cavitation and are classified as ICDAS 1 or 2 depending 
on severity. With a prevalence of about 24%, WSLs most 
commonly occur in areas prone to plaque retention, 
such as the cervical third of the buccal surface or around 
orthodontic brackets.6

White spot lesions (WSLs) appear as opaque, rough 
enamel areas with a chalky white color and can vary in 
shape and size, with more or less defined margins. 

The whitish appearance results from a loss of mineral 
content, with organic fluids replacing hydroxyapatite, 
which alters the optical behavior of enamel. In sound 
enamel, the refractive index (RI) is uniform (RI ≈ 
1.62), allowing light to pass through unaltered to the 
dentinoenamel junction. In WSLs, however, the increased 
presence of fluids (e.g., water, RI = 1.33) introduces 
multiple interfaces that scatter and reflect light, producing 
a white appearance.

In early stages, WSLs may only be visible after air 
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Abstract
Background. The present in vitro study evaluated the camouflage effect of two treatments 
for white spot lesions (WSLs): remineralization with Mi Paste Plus© (GC Europe N.V.) and 
remineralization combined with a Scotchbond Multi-Purpose© (3M ESPE 2015) adhesive layer. 
Additionally, the study assessed the color stability of the treatments when exposed to a staining 
agent, such as coffee.
Methods. Sixty extracted anterior and posterior teeth were preserved in saline solution and 
divided into two groups. Artificial WSLs were created using 37% orthophosphoric acid for 1 
minute. Both groups underwent daily 6-hour remineralization treatments with Mi Paste Plus© 
for 14 days. In the second group, a thin adhesive layer was applied after remineralization. Color 
analysis was performed using an MHT SpectroShade Micro spectrophotometer at baseline (T1), 
after remineralization (T2), after adhesive application for group 2 (TR), and after immersion in 
coffee for 24 hours (T3). Color differences (ΔE) between healthy tissue and WSLs were assessed, 
with ΔE ≤ 3.3 considered clinically acceptable. Data were analyzed using STATA 17 (P ≤ 0.05).
Results. ΔE analysis showed a statistically significant improvement in the camouflage effect in the 
adhesive-treated group (TR) compared to remineralization alone (T2). After coffee exposure (T3), 
ΔE values increased significantly in both groups, with higher values observed in the adhesive-
treated group. Intragroup analyses indicated significant differences between T2 and T3, as well 
as TR and T3.
Conclusion. The application of an adhesive system can be considered a valid option to improve 
the aesthetic outcome of a remineralization treatment; however, this approach carries the risk of 
resin staining over time.
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drying, as air (RI = 1.00) further increases contrast.6

Over time, numerous treatment options have 
been proposed to prevent WSL progression (WSLs) 
and improve aesthetics. Currently, composite resin 
restorations or veneers are considered excessively 
invasive, as is microabrasion, which, while achieving 
aesthetic improvement, involves sacrificing the superficial 
enamel layer.7-9

For this reason, research has increasingly focused on 
more conservative treatments, such as erosion-infiltration 
techniques and remineralization therapies. 

Erosion-infiltration treatments involve the application 
of an infiltrating resin after etching and drying of the 
enamel surface.10 The resin used, with a penetration 
coefficient of 147 cm/s and a refractive index of 1.52,7 
infiltrates the porosities via capillary action, displacing 
air and water. This blocks bacterial pathways, arrests the 
progression of the lesion, and reduces optical contrast 
by minimizing light scattering due to RI similarity with 
hydroxyapatite.11 These treatments reached excellent 
esthetic outcomes even in ICDAS 2 lesions.6 

Remineralization provides a biological strategy for 
reversing early-stage WSLs. Among the most used and 
studied agents is casein phosphopeptide-amorphous 
calcium phosphate (CPP-ACP). This complex stabilizes 
calcium phosphate in a bioavailable form, allowing 
for the controlled release of calcium and phosphate 
ions into the enamel. The casein component binds to 
enamel, plaque, and soft tissues, creating a reservoir 
that supports remineralization when pH drops. Calcium 
hydrogen phosphate (CaHPO₄), being a neutral molecule, 
contributes to the restoration of minerals within the 
enamel structure. 

CPP-ACP also reduces bacterial adhesion by modifying 
the salivary pellicle. When fluoride is added to the 
complex, it becomes stabilized and is gradually released, 
facilitating the formation of fluorapatite. Studies confirm 
that the combination of CPP-ACP and fluoride improves 
the surface microhardness of WSLs and provides long-
term stability.12 

In cases where remineralization alone fails to achieve 
satisfactory aesthetic outcomes, an adjunctive application 
of a thin layer may improve optical masking. This 
combined strategy supports the therapeutic action 
of remineralizing agents while enhancing the visual 
integration of the lesion with the surrounding enamel.13 

The aims of this in vitro study were as follows: 
•	 To evaluate, through spectrophotometric analysis, the 

difference in terms of masking effectiveness between 
two treatment methods for WSLs: remineralization 
treatment alone using Mi Paste Plus© (GC Europe 
N.V.) and remineralization treatment combined with 
a thin layer of adhesive Scotchbond Multi-Purpose© 
(3M ESPE 2015). 

•	 To assess the color stability over time of both 
treatments when exposed to a staining substance, 
such as coffee. 

Methods
The study was approved by the Ethics Committee of 
South Est Veneto (approval number: 430CET).

The sample size determination was calculated using 
the statistical software G-Power v. 3.1 (University 
of Düsseldorf, Düsseldorf, Germany), assuming a 
mean ± SD ΔE value of 10.89 ± 2.95 in the control group 
(remineralization alone), with α = 0.05 and a statistical 
power of 95%. Based on these parameters, a sample size of 
30 teeth per group allows for the detection of a ΔE difference 
of 2.79 between the treated group and the control group 
(effect size = 0.95). This difference is considered clinically 
relevant according to the literature.14,15 

Sixty teeth, including both anterior and posterior 
elements from both arches, were collected. These teeth had 
been extracted for periodontal reasons or removed due 
to trauma. Residual periodontal ligament was removed 
using curettes, and the teeth were cleaned with 10% 
hydrogen peroxide for 10 seconds, rinsed with denatured 
alcohol for 30 seconds, and stored in saline solution to 
prevent dehydration. 

A caries-free, fracture-free, and demineralization-free 
surface was selected for each sample, and a 3-mm circular 
area was marked using a permanent marker and a mold 
made of soft blue wax (Zeta Zingardi, Industria Zingardi 
srl, Novi Ligure, Italy) (Figure 1). 

To create a visually detectable demineralized area, 37% 
orthophosphoric acid (Scotchbond™ Universal Etchant, 
3M ESPE, 2015) was applied for 1 minute and then rinsed 
with water for 30 seconds (Figures 2 and 3). 

The samples were stored in saline solution. Each 
sample was assigned an alphanumeric code to record 
color measurements at different time intervals and 
facilitate subsequent comparisons. The samples were then 
randomly divided into two groups of 30 units each using 
Microsoft Excel software (Excel version 16.84, Microsoft 
Office, 2024).
•	 Group 1: Remineralization treatment with Mi Paste 

Plus© (GC Europe N.V.) 
•	 Group 2: Remineralization treatment with Mi Paste 

Plus© (GC Europe N.V.) + application of Scotchbond 
Multi-Purpose© adhesive (3M ESPE 2015)

The two groups were subjected to different treatments, 
specifically:

Figure 1. Blue wax mold used to mark a repeatable circular area on every 
dental element, as shown on the right
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1.	  Group 1 (Mi Paste Plus©) 
a) Application of an appropriate layer of Mi Paste Plus© 
to the previously delimited area using a microbrush
b) Storage of the samples in a humidified container 
(Figure 4) layered with a damp cloth on the bottom and 
blue wax strips to keep the dental elements stable and 
organized, which simulated the moist environment of the 
oral cavity to prevent dehydration of the teeth
c) After 6 hours, the samples were rinsed with water for 10 
seconds to remove the remineralizing material
d) Storage in physiological saline solution 
e) The procedure was repeated every day for 14 days, as 
recommended by the manufacturer and supported by 
literature.15,16

2. Group 2 (Mi Paste Plus© + Scotchbond Multi-
Purpose©) 
a) The remineralization treatment was performed as 
described for group 1 (steps a, b, and c) 
b) Application of Scotchbond Multi-Purpose© Primer 
using a microbrush for 3 minutes
c) Evaporation of excess primer with a gentle stream of 
compressed air
d) Application of Scotchbond Multi-Purpose© Adhesive 
(3M ESPE 2015) using a microbrush for 1 minute 
(Figure 5) 
e) Photopolymerization for 40 seconds 
f) Storage of the samples in physiological saline solution 
for 48 hours to allow for rehydration. 

Once properly rehydrated, the samples in both groups 
were immersed in coffee for 24 hours (Figures 6 and 7). 

The instant coffee used, and the solution was prepared 
by dissolving 3.6 g of coffee in 300 mL of distilled water, 

which had been previously boiled.17 The samples were 
then removed from the solution and rinsed with water for 
20 seconds.

Color evaluation 
Color evaluation was performed on spectrophotometric 
images of all samples from both groups at different time 
intervals: 
•	 T1: After the creation of the WSL 
•	 T2: At the end of the remineralization treatment 
•	 TR: After applying the adhesive layer (only for group 

2) 
•	 T3: After 24 hours of immersion in coffee 

Before each color evaluation, the samples were allowed 
to rehydrate in physiological saline solution for 48 hours. 

A condensation silicone support (Zetalabor Putty 
Hard, Zhermack Dental, Germany) was created for color 
recording of each tooth. Three wells were made in the 
silicone before it set. Two reference teeth were placed in 
the lateral wells to standardize all measurements, ensuring 
consistent results. The sample to be analyzed was placed 
in the central well. 

The silicone used was pink in color and was molded 
with a scalloped design to simulate the gingiva. This 
support was necessary because the spectrophotometer’s 
color detection is influenced by adjacent elements and 
surrounding tissues (Figure 8).

An additional standardization of the measurements was 

Figure 2. Application of 37% orthophosphoric acid on the pre-marked area 
of each dental element

Figure 3. Example of an in vitro white spot lesion

Figure 4. A container used to store the dental elements during the 
remineralization process

Figure 5. Application of Scotchbond Multi-Purpose© Adhesive with a 
microbrush for 1 minute on the marked area
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achieved by shaping the silicone support to position it near 
the spectrophotometer sensor in a repeatable manner for 
all measurements. During the image recording process, a 
black cardboard was placed around the support to simulate 
the dark environment of the oral cavity (Figure 9).

Once acquired, the images were downloaded to a 
computer via the appropriate USB cable and imported 
into the “MHT SpectroShade” software for storage.

To evaluate the mimetism and color stability of the 
treated area compared to the healthy tooth, the L*a*b* 
values of the two treatments were obtained via the 
spectrophotometer to calculate ΔE. In particular, using 
the MHT SpectroShade software, two points were 
selected, designated as P1 and P2. Point P1 was located 
within the treated area, while point P2 was located on the 
dental surface surrounding the treated area.

These two points were reproduced in the same area in 
the images captured at the various time intervals (T1, T2, 
TR, and T3). To do this, the circular selection tool provided 
by the software was used, ensuring that the size of points 
P1 and P2 remained consistent in each recording. To 
ensure the repeatable positioning of P1 and P2 across 
images, their X and Y coordinates on the dental element 
were identified and recorded using a digital ruler overlaid 
on the images (ScreenRuler v.0.10.0, Bluegrams).

Before each evaluation, the spectrophotometer was 
calibrated according to the manufacturer’s instructions. 
After each measurement, the samples were returned to 
the physiological saline solution. Once the L*a*b* values 

for points P1 and P2 were collected at each time interval, 
ΔE values were calculated as follows:

*2 *2 *2*dE dL da db= + +

The ΔE values obtained were: 
•	 ΔET1 (G1 and G2) 
•	 ΔET2 (G1 and G2) 
•	 ΔETR (G2) 
•	 ΔET3 (G1 and G2)

In the following images (Figures 10 and 11), two 
examples of samples from groups 1 and 2 are shown.

The images were taken at T1, T2, and T3 for group 1, 
and at T1, T2, TR, and T3 for group 2. In both images, the 
red circle represents point P1 (reference for the color 
of the treated area), and the blue circle represents point 
P2 (reference for the color of the surrounding surface to 
the treated area). On the right, the comparison of L*a*b* 
values between points P1 and P2 and the corresponding 
ΔE can be observed.

Statistical analysis 
One sample from each group was excluded from the 
study due to a color change during the experiment, which 
compromised its integrity. 

The data were analyzed using the statistical software 
STATA 17 (StataCorp, 1985, California, USA). All 
tests were considered statistically significant with a P 

Figure 6. Instant coffee solution used to immerse the dental elements

Figure 7. Example of one dental element from group 1 and one from group 
2 after immersion in instant coffee solution

Figure 8. Pink silicone support molded around the spectrophotometer 
sensor to simulate the gingiva

Figure 9. Black cardboard applied around the spectrophotometer sensor
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value ≤ 0.05. 
The data did not meet the criteria required for the use of 

parametric tests, so non-parametric tests were employed 
for all analyses. 

Descriptive analysis 
The median and interquartile range of the ΔE values for 

both groups were calculated at the different time intervals. 
A graphical representation of the ΔE trends was created 

for each group at all time intervals. 

Intergroup analysis 
The intergroup analysis was conducted as follows: 
•	 Evaluation of the mimetism between the samples of 

G1 and G2 (the remineralization treatment only vs. 

Figure 10. Screenshots from the “MHT SpectroShade” software used for confrontations at different time points; red and blue circles are the two points selected 
inside and outside the marked area in a repeatable way by using the digital ruler. (a) Confrontation of the two points on the same dental element from group 1 
at T2 (after the creation of the in vitro white spot). (b) Confrontation of the two points on the same dental element from group 1 at T2 (after remineralization). (c) 
Confrontation of the two points on the same dental element from group 1 at T3 (after immersion in instant coffee solution)
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Figure 11. Screenshots from the “MHT SpectroShade” software used for confrontations at different time points; red and blue circles are the two points selected 
inside and outside the marked area in a repeatable way by using the digital ruler. (a) Confrontation of the two points on the same dental element from group 2 
at T1 (after the creation of the in vitro white spot). (b) Confrontation of the two points on the same dental element from group 2 at T2 (after remineralization). (c) 
Confrontation of the two points on the same dental element from group 2 at TR (after primer and bonding application). (d) Confrontation of the two points on the 
same dental element from group 2 at T3 (after immersion in instant coffee solution)
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the remineralization treatment with resin) using the 
Wilcoxon Mann-Whitney statistical test, comparing 
ΔET2G1 with ΔETRG2. 

•	 Evaluation of the stability of the two treatments when 
the sample was exposed to a pigmenting substance 
using the Wilcoxon Mann-Whitney statistical test, 
comparing ΔET3G1 with ΔET3G2. 

Intragroup analysis 
The intragroup analysis was performed using the paired 
Wilcoxon Mann-Whitney test to assess the stability 
of the result for each treatment after immersion in the 
pigmenting substance, comparing the following values: 
•	 G1: ΔET2 vs. ΔET3 
•	 G2: ΔETR vs. ΔET3

Results
Tables 1 and 2 show the ΔE values calculated for both 
groups at the different time intervals: 
•	 T1: after the creation of the WSL 
•	 T2: at the end of the remineralization treatment 
•	 TR: after the application of the adhesive layer (only 

for group 2) 
•	 T3: after 24 hours of immersion in coffee

The graph (Figure 12) below shows the ΔE values at T1 
and T2 for the samples in G1, illustrating the extent of the 
change after the remineralization treatment. 

The graph (Figure 13) below shows the ΔE values at T1, 
T2, and TR for the samples in G2, illustrating the extent of 
the change after the remineralization treatment and the 
application of the adhesive layer.
 
Intergroup analysis 
ΔET2G1 vs. ΔETRG2 
Table 3 shows the median and interquartile range of ΔET2 
and ΔETR for G1 and G2, respectively. 

The graph below (Figure 14) illustrates the median 
values and interquartile ranges of ΔET2 and ΔETR in a 
box-and-whisker plot. 

Statistical analysis using the Wilcoxon Mann-
Whitney test revealed a statistically significant difference 
(P = 0.0001) between G1 and G2 regarding the mimetic 
capacity of the two treatments.

ΔET3G1 vs. ΔET3G2 
Table 4 presents the medians and interquartile ranges of 
ΔET3 for both groups. 

The graph below (Figure 15) presents the median values 
and interquartile ranges of ΔET3 for G1 and G2 in a box-
and-whiskers plot. 

The Wilcoxon Mann-Whitney test revealed a 
statistically significant difference (P = 0.0002) between 
G1 and G2 concerning the color stability of the two 
treatments over time.

Intragroup analysis
G1: ΔET2 vs. ΔET3
Table 5 presents the medians and interquartile ranges of 

ΔET2 and ΔET3 for the samples in G1.
The graph below (Figure 16) displays the ΔE values 

of the G1 samples before and after exposure to the 
pigmenting substance (T2 and T3, showing a modest 
variation in ΔE between the samples before and after the 
pigmenting treatment, with the median decreasing after 
treatment. 

Statistical analysis using the Wilcoxon paired test 
showed a statistically significant difference (P = 0.005) 
in ΔEG1 before and after exposure to the pigmenting 
substance. 
 
G2: ΔETR vs. ΔET3
Table 6 shows the medians and interquartile ranges of 
ΔETR and ΔET3 for the samples in G2. 

The graph below (Figure 17) shows the ΔE values of the 
G2 samples before and after exposure to the pigmenting 
substance, with a marked variation in ΔE between the 
sample before and after the pigmenting treatment, with 
the median increasing after treatment. 

Statistical analysis using the Wilcoxon paired test 

Table 1. ΔE values for samples of group 1 at T1, T2, and T3

Group 1 (MiPaste Plus©) ΔET1 ΔET2 ΔET3

R1 10.2 7.11 6.49

R4 12.6 8.87 4.99

R8 9.45 9.13 2.28

R10 11.47 9.23 4.91

R11 4.57 3.9 2.38

R12 4.56 4.5 6.23

R15 2.72 1.91 2.03

R16 12.39 8.54 2.1

R17 7.18 6.15 5.23

R18 4.66 3.94 5.51

R19 5.01 3.17 3.12

R21 2.32 2.34 4.04

R22 2.5 2.1 4.69

R26 8.66 7.85 4.16

B1 10.19 9.18 7.57

B3 7.07 5.32 2.27

B4 6.51 6.61 1.91

B5 5.43 5.2 5.41

B8 4.48 1.01 7.11

B16 8.1 5.88 3.83

B17 8.29 6.11 3.69

B18 4.71 3.61 5.58

B19 7.22 1.39 1.01

B25 6.76 5.17 1.83

B27 10.35 7.48 3.64

B29 7.61 5.94 4.7

B30 6.49 4.84 3.09

B31 10.89 9.26 5.48

B33 4.97 3.46 4.21
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revealed a statistically significant difference (P = 0.0000) 
in ΔEG2 before and after exposure to the pigmenting 
substance.
 
Discussion
WSLs are aesthetic-impact lesions localized primarily on 
the vestibular surface of anterior teeth, caused by enamel 
demineralization.16 Their reversible nature justifies 
treatment approaches that aim to restore both structure 
and appearance.

This study investigated the optical effectiveness of a 
remineralizing agent (Mi Paste Plus©), used alone or 
in combination with an adhesive system (Scotchbond 
Multi-Purpose©), with a focus on color changes 
rather than structural enamel modifications. Objective 
color measurements were obtained using the MHT 
SpectroShade Micro spectrophotometer (MHT Srl, 
Oxnard, CA, USA),18 which, although primarily intended 
for anterior sectors, was successfully used on posterior 

teeth in an in vitro setting.
Clinically acceptable color differences were defined 

as ΔE values < 3.3 as stated in recent literature.19‒22 Only 
the group treated with the combined protocol (G2) 
achieved values within this threshold (median ΔE = 2.73; 
IQR: 2.17–3.21), whereas the mousse alone (G1) 
yielded higher, clinically unacceptable values (median 
ΔE = 5.94; IQR: 3.61–7.48). The difference between the 
two groups was statistically significant (Mann–Whitney 
U test, P = 0.0001). These findings support the existing 
literature, which suggests that adhesives can enhance 
WSL appearance by reducing light scattering, thanks to 
their refractive index similarity to natural enamel.11,13,23 
The resin component fills superficial microporosities, 
equalizes the optical pathway, and consequently increases 
translucency. This is also true for specific resin-based 
agents, such as Icon, used for treating WSLs, which, due 
to their refractive index similar to that of hydroxyapatite, 
provide a mimetic appearance to the treated WSLs.7 

Nevertheless, certain authors have shown that adhesive 
resins alone may be insufficient, especially in deeper 
lesions.13,24 The present study supports emerging evidence 
that a preceding remineralization step, such as with CPP-
ACFP-containing products, can improve the optical 
performance of subsequently applied resin.25

Reducing the depth of demineralization may enhance 
the effectiveness of resins with limited penetration 
capacity, such as those used in adhesive systems, by 

Table 2. ΔE values for samples of group 2 at T1, T2, TR, and T3

Group 2 (MiPaste 
Plus© + Scotchbond 
Multi.-Purpose©)

ΔET1 ΔET2 ΔETR ΔET3

R2 9.58 5.8 1.96 3.33

R3 7.53 5.17 2.48 5.56

R5 10.4 7.08 1.46 7.72

R7 11.75 9.82 3.65 4.64

R9 8.34 6.23 3.88 4.66

R13 11.86 8.95 2.44 10.78

R14 3.55 3.52 2.88 2.64

R20 5.66 4.59 3.33 8.43

R23 5.91 5.99 2.97 4.85

R24 7.88 5.72 2.14 6.56

R25 8.25 5.35 2.53 7.5

B2 7.52 5.61 2.79 7.97

B6 5.11 2.24 1.49 9.71

B7 10.55 7.46 3.92 10.82

B9 6.19 5.03 3.03 4.17

B10 7.46 6.71 3.4 12.08

B11 8.93 4.9 2.73 6

B12 15.56 13.95 2.61 7.49

B13 6.79 4.02 2.01 9.67

B14 5.1 5.3 3.21 13.5

B15 7.11 4.1 3.49 9.18

B21 7.54 7.15 2.86 9.98

B22 8.34 5.15 3.08 3.8

B23 11.33 8.53 1.36 7.21

B24 12.29 11.21 2.47 11.62

B26 5.75 5.37 4.57 3.53

B28 4.59 3.42 2.54 4.38

B32 2.15 2.01 1.56 3.3

B34 4.23 3.5 1.33 6.5

Figure 12. ΔE values at T1 and T2 for the samples of group 1

Figure 13. ΔE values at T1, T2, and TR for the samples of group 2
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allowing better infiltration into the lesion. To speculate 
on this hypothesis, studies on the enamel structure before 
and after remineralization would be necessary, a topic 
that was not the focus of this study. 

Using the adhesive system offers another advantage: 
reduced costs for the practitioner. Every dental practice 
has at least one adhesive system for conservative and 
restorative procedures; therefore, achieving an aesthetic 
mimetic result for white spots could be accomplished 
without additional costs by using this type of resin.

Marked variability was observed in the ΔE values of 
G1 compared to those of G2, which is evident in the 
data dispersion illustrated in Figures 12 and 13. In both 
graphs, there is significant variability in the aesthetic 
outcome of the remineralizing treatment, regardless of 
the initial condition of the treatment area. Some samples 
demonstrated a significant improvement, with ΔE values 
decreasing from greater than 3.3 to a clinically acceptable 
level, as defined by the threshold values considered in 
this study. On the other hand, other samples remained 
stable or showed only slight improvement after treatment. 
By contrast, the adhesive group displayed a tighter 
distribution of ΔE, indicating more predictable outcomes. 

Several factors may underlie the high variance obtained 
with the mousse, including treatment duration, method 
of WSL creation, and the absence of saliva.26,27 

In our in vitro protocol, the mousse was applied for 6 
h a day over 14 days, consistent with the manufacturer’s 
instructions; nonetheless, a longer application period 
might enhance results.16 This aligns with a study by 
Bröchner et al,28 which highlighted that the efficacy of 
CPP-ACP depends on the duration of the treatment. 

In most in vitro studies in the literature, artificial WSLs 
are obtained using a demineralizing solution that leads 
to the formation of a subsurface demineralization zone. 
This is essential for allowing an adequate evaluation of 

the surface microhardness of the samples and variations 
in enamel structure following different remineralizing 
treatments. In this experiment, artificial lesions were 
produced using 37% phosphoric acid for 60 s, resulting in 
a predominantly superficial demineralization zone rather 
than the subsurface pattern usually found in vivo; this 
could limit the diffusion of calcium-phosphate complexes, 
attenuating optical improvement.29 This methodological 
choice was motivated by the study’s aim to evaluate 
only the aesthetic performance of the two treatments, 
which required the demineralized area to be visible to 
the naked eye initially to identify optical changes. This 
could have influenced the remineralizing activity of the 
CPP-ACFP-based mousse. The calcium and phosphate 
molecules released by the bioactive substance are capable 
of filling the porosities in the layers beneath the intact 
enamel surface, typical of natural WSL.16 The persistence 
of a demineralized surface could thus have affected the 
aesthetic outcome of the remineralizing treatment.

The presence of saliva significantly enhances the efficacy 
of CPP-ACFP because salivary proteins and peptides bind 
to the complex, enhancing its ability to transport calcium 
and phosphate ions into the enamel and facilitating the 
repair of demineralized areas.26 This could be one of the 
reasons why the results of in vitro studies like this one or 
those by Yadav et al30 and Yuan et al,31 which do not benefit 
from the action of saliva, have not shown a remarkable 
effect of CPP-ACP on the color restoration of a WSL. In 
contrast, the in vivo study by Simon et al.32 reported a 
significant improvement of the WSL following treatment 
with CPP-ACP. It could be interesting to conduct the 
experiment using artificial saliva in combination with the 
remineralizing treatment to more closely simulate in vivo 
conditions.

The second aim of this study was to investigate the long-
term color stability of the two treatments when exposed to 

Table 3. Median and interquartile range of ΔET2 for group 1 and ΔETR for 
group 2

Group Median Q1 Q3

G1 5.94 3.61 7.48

G2 2.73 2.17 3.21

Table 4. Median and interquartile range for ΔE values for group 1 and group 
2 at T3

Group Median Q1 Q3

G1 4.16 2.38 5.41

G2 7.21 4.64 9.67

Figure 14. Box-plot of ΔET2 (group 1) and ΔETR (group 2) Figure 15. Box plot of ΔET3 values for groups 1 and 2
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a pigmenting substance. No study to date has compared 
the color stability of the remineralizing treatment with 
that of the remineralizing treatment and adhesive layer 
combined. 

After 24 h of immersion in coffee, equivalent to roughly 
one month of intraoral exposure,17 both groups exhibited 
ΔE values exceeding 3.3; however, median ΔE rose to 7.21 
(IQR 4.64–9.67) in group 2 versus 4.16 (IQR 2.38–5.41) 
in group 1 (Wilcoxon’s signed-rank test, P = 0.0002). 
This confirms the intrinsic and extrinsic propensity of 
resin materials to absorb pigments,33,34 particularly from 
beverages such as coffee that show chemical affinity for the 

polymer matrix.35 The greater scatter observed for group 
TR reflects the wider range of initial colors and the resin’s 
differential susceptibility to staining.33,34 In this study, the 
samples were intentionally immersed in a coffee solution 
because the literature has demonstrated this beverage’s 
tendency to alter the color of resin materials due to the 
chemical compatibility between the beverage and the 
polymers in the resin.35 

This could explain why the samples treated with resin 
underwent a greater color change compared to the group 
treated only with the remineralizing mousse. 

Technically, effective masking of a WSL requires both a 

Table 5. Median and interquartile range for ΔE values of group 1 at T2 and T3

ΔE Median Q1 Q3

ΔE T2 5.94 3.61 7.48

ΔE T3 4.16 2.38 5.41

Table 6. Median and interquartile range for ΔE values of group 2 at TR and T3

ΔE Median Q1 Q3

ΔE TR 2.73 2.14 3.21

ΔE T3 7.21 4.64 9.67

Figure 16. ΔE values for group 1 before and after immersion in the staining solution (T2 and T3). Each line in shades of blue represents the trend of ΔE for each 
sample in group 1 between T2 and T3. The red line represents the trend of the mean value between the two time points

Figure 17. ΔE values for group 2 before and after immersion in the staining solution (TR and T3). Each line in shades of blue represents the trend of ΔE for each 
sample in group 2 between TR and T3. The red line represents the trend of the mean value between the two time points
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reduction in the L* factor and an increase in the b* factor.23 
Coffee produces a yellowish surface deposit, increasing 
b* and thereby diminishing ΔE in the remineralization-
only specimens, which could explain why the ΔE of G1 
after pigmentation approached clinically more acceptable 
values compared to those obtained after the remineralizing 
treatment. However, b* was not separately analyzed here; 
thus, future studies should quantify its contribution and 
evaluate different staining substances as well as extended 
immersion times, which could also reveal different 
patterns of discolouration.32,36

Conclusion
The combined use of CPP-ACFP and an adhesive system 
yielded better results in terms of ΔE compared to the 
remineralizing treatment alone, which was performed 
over 14 days. 

The application of an adhesive system can be considered 
a valid option to improve the aesthetic outcome following 
a remineralizing treatment. However, it is essential to note 
that this approach carries a risk of resin pigmentation, 
which may necessitate additional treatments or increased 
attention to diet and oral hygiene to maintain aesthetic 
results over time.

These findings underscore the importance of balancing 
immediate aesthetic gain with long-term color stability, 
highlighting the need for protocols that integrate 
remineralization and sealing, as well as maintenance 
strategies, under clinically realistic conditions.

Authors’ Contribution
Conceptualization: Francesca Zotti, Francesca Pilati, Nicoletta 
Zerman.
Formal analysis: Francesca Zotti, Francesca Pilati, Nicoletta 
Zerman.
Investigation: Francesca Zotti, Francesca Pilati, Giorgia Lanzaretti, 
Nicoletta Zerman.
Methodology: Francesca Zotti, Francesca Pilati.
Project administration: Nicoletta Zerman.
Resources: Francesca Zotti, Francesca Pilati, Giorgia Lanzaretti.
Software: Francesca Zotti, Francesca Pilati.
Supervision: Francesca Pilati, Giorgia Lanzaretti, Nicoletta Zerman.
Validation: Nicoletta Zerman.
Visualization: Francesca Zotti, Francesca Pilati, Giorgia Lanzaretti, 
Nicoletta Zerman.
Writing–original draft: Francesca Zotti.
Writing–review & editing: Francesca Pilati, Giorgia Lanzaretti, 
Nicoletta Zerman.

Competing Interests
The authors declare no relevant financial or non-financial interests.

Data Availability Statement
The datasets analyzed during the current study are available from 
the corresponding author on reasonable request.

Ethical Approval
The study was performed per the ethical standards as laid down 
in the 1964 Declaration of Helsinki and approved by the Ethics 
Committee of South Est Veneto (approval number: 430CET). 

Informed Consent
Informed consent (including for publication) was obtained from 
all individual participants who donated dental elements for this 
research.

Funding
No funding was received for conducting this study.

References
1.	 Ballini A, Di Cosola M, Saini R, Benincasa C, Aiello E, 

Marrelli B, et al. A comparison of manual nylon bristle 
toothbrushes versus thermoplastic elastomer toothbrushes in 
terms of cleaning efficacy and the biological potential role on 
gingival health. Appl Sci. 2021;11(16):7180. doi: 10.3390/
app11167180.

2.	 Brauner E, Di Cosola M, Ambrosino M, Cazzolla AP, 
Dioguardi M, Nocini R, et al. Efficacy of bioactivated 
anticalculus toothpaste on oral health: a single-blind, parallel-
group clinical study. Minerva Dent Oral Sci. 2022;71(1):31-8. 
doi: 10.23736/s2724-6329.21.04606-4.

3.	 De Santis D, Pancera P, Sinigaglia S, Faccioni P, Bertossi 
D, Luciano U, et al. Tooth agenesis: part 2. Orthodontic 
treatment and prosthetic possibilities. J Biol Regul Homeost 
Agents. 2019;33(1 Suppl 1):23-8.

4.	 Bertossi D, Nocini R, van der Lei B, Magistretti P, Gualdi 
A, Pirayesh A, et al. Lip reshaping with LOVE approach: a 
prospective analysis based on two hyaluronic acid fillers. Plast 
Reconstr Surg Glob Open. 2021;9(11):e3957. doi: 10.1097/
gox.0000000000003957.

5.	 Bertossi D, Malchiodi L, Albanese M, Nocini R, Nocini P. 
Nonsurgical rhinoplasty with the novel hyaluronic acid filler 
VYC-25L: results using a nasal grid approach. Aesthet Surg J. 
2021;41(6):NP512-20. doi: 10.1093/asj/sjaa196.

6.	 Emiliani F, Turrini R. Black & White. Edra; 2023.
7.	 Zotti F, Albertini L, Tomizioli N, Capocasale G, Albanese 

M. Resin infiltration in dental fluorosis treatment-1-year 
follow-up. Medicina (Kaunas). 2020;57(1):22. doi: 10.3390/
medicina57010022.

8.	 Zotti F, Ferrari F, Penazzo M, Lanzaretti G, Zerman N. Chromatic 
adaption of two universal composites: spectrophotometric 
analysis. Materials (Basel). 2024;17(20):5103. doi: 10.3390/
ma17205103.

9.	 Ludovichetti FS, Zerman N, Stellini E, Zambon G, Mazzoleni 
S, Zuccon A. Dental bleaching: patient perception and 
satisfaction. Minerva Dent Oral Sci. 2024;73(4):217-23. doi: 
10.23736/s2724-6329.24.04950-7.

10.	 Alqahtani S, Abusaq A, Alghamdi M, Shokair N, Albounni 
R. Colour stability of resin infiltrated white spot lesion 
after exposure to stain-causing drinks. Saudi J Biol Sci. 
2022;29(2):1079-84. doi: 10.1016/j.sjbs.2021.09.063.

11.	 Paris S, Schwendicke F, Keltsch J, Dörfer C, Meyer-Lueckel 
H. Masking of white spot lesions by resin infiltration in 
vitro. J Dent. 2013;41 Suppl 5:e28-34. doi: 10.1016/j.
jdent.2013.04.003.

12.	 Baafif HA, Alibrahim IF, Alotaibi SH, Alharbi HG, Shubaily 
MN, Elkwatehy WM. The efficacy of resin infiltrant and casein 
phosphopeptide-amorphous calcium fluoride phosphate in 
treatment of white spot lesions (comparative study). J Int Soc 
Prev Community Dent. 2020;10(4):438-44. doi: 10.4103/
jispcd.JISPCD_483_19.

13.	 Aref NS, Alrasheed MK. Casein phosphopeptide amorphous 
calcium phosphate and universal adhesive resin as a 
complementary approach for management of white spot 
lesions: an in-vitro study. Prog Orthod. 2022;23(1):10. doi: 
10.1186/s40510-022-00404-9.

14.	 Vichi A, Ferrari M, Davidson CL. Color and opacity variations 
in three different resin-based composite products after 
water aging. Dent Mater. 2004;20(6):530-4. doi: 10.1016/j.

https://doi.org/10.3390/app11167180
https://doi.org/10.3390/app11167180
https://doi.org/10.23736/s2724-6329.21.04606-4
https://doi.org/10.1097/gox.0000000000003957
https://doi.org/10.1097/gox.0000000000003957
https://doi.org/10.1093/asj/sjaa196
https://doi.org/10.3390/medicina57010022
https://doi.org/10.3390/medicina57010022
https://doi.org/10.3390/ma17205103
https://doi.org/10.3390/ma17205103
https://doi.org/10.23736/s2724-6329.24.04950-7
https://doi.org/10.1016/j.sjbs.2021.09.063
https://doi.org/10.1016/j.jdent.2013.04.003
https://doi.org/10.1016/j.jdent.2013.04.003
https://doi.org/10.4103/jispcd.JISPCD_483_19
https://doi.org/10.4103/jispcd.JISPCD_483_19
https://doi.org/10.1186/s40510-022-00404-9
https://doi.org/10.1016/j.dental.2002.11.001


Zotti et al

          J Dent Res Dent Clin Dent Prospects. 2025;19(3) 171

dental.2002.11.001.
15.	 Asmussen E. An accelerated test for color stability of 

restorative resins. Acta Odontol Scand. 1981;39(6):329-32. 
doi: 10.3109/00016358109162704.

16.	 Anggani HS, Arifiani P, Siregar E. The color improvement of 
postdebonding white spot lesions after fluoride and casein 
phosphopeptide- amorphous calcium phosphate application. 
J Adv Pharm Technol Res. 2021;12(3):274-8. doi: 10.4103/
japtr.JAPTR_203_21.

17.	 Ertaş E, Güler AU, Yücel AC, Köprülü H, Güler E. Color 
stability of resin composites after immersion in different 
drinks. Dent Mater J. 2006;25(2):371-6 .

18.	 Kim-Pusateri S, Brewer JD, Davis EL, Wee AG. Reliability 
and accuracy of four dental shade-matching devices. J 
Prosthet Dent. 2009;101(3):193-9. doi: 10.1016/s0022-
3913(09)60028-7.

19.	 Gross MD, Moser JB. A colorimetric study of coffee and tea 
staining of four composite resins. J Oral Rehabil. 1977;4(4):311-
22. doi: 10.1111/j.1365-2842.1977.tb00997.x.

20.	 Ruyter IE, Nilner K, Moller B. Color stability of dental composite 
resin materials for crown and bridge veneers. Dent Mater. 
1987;3(5):246-51. doi: 10.1016/s0109-5641(87)80081-7.

21.	 de Carvalho Panzeri Pires-de-Souza F, da Fonseca Roberti 
Garcia L, Hamida HM, Casemiro LA. Color stability of 
composites subjected to accelerated aging after curing 
using either a halogen or a light emitting diode source. 
Braz Dent J. 2007;18(2):119-23. doi: 10.1590/s0103-
64402007000200006.

22.	 Vichi A, Louca C, Corciolani G, Ferrari M. Color related to 
ceramic and zirconia restorations: a review. Dent Mater. 
2011;27(1):97-108. doi: 10.1016/j.dental.2010.10.018.

23.	 de Lacerda AJ, da Silva Ávila DM, Borges AB, Pucci CR, 
Torres CR. Adhesive systems as an alternative material for 
color masking of white spot lesions: do they work? J Adhes 
Dent. 2016;18(1):43-50. doi: 10.3290/j.jad.a35518.

24.	 Theodory TG, Kolker JL, Vargas MA, Maia RR, Dawson 
DV. Masking and penetration ability of various sealants and 
ICON in artificial initial caries lesions in vitro. J Adhes Dent. 
2019;21(3):265-72. doi: 10.3290/j.jad.a42520.

25.	 Uy E, Ekambaram M, Lee GH, Yiu CK. Remineralization 
potential of calcium and phosphate-based agents and their 
effects on bonding of orthodontic brackets. J Adhes Dent. 
2019;21(3):219-28. doi: 10.3290/j.jad.a42305.

26.	 Huq NL, Myroforidis H, Cross KJ, Stanton DP, Veith PD, Ward 
BR, et al. The interactions of CPP–ACP with saliva. Int J Mol 

Sci. 2016;17(6):915. doi: 10.3390/ijms17060915.
27.	 Cochrane NJ, Reynolds EC. Calcium phosphopeptides--

mechanisms of action and evidence for clinical efficacy. Adv 
Dent Res. 2012;24(2):41-7. doi: 10.1177/0022034512454294.

28.	 Bröchner A, Christensen C, Kristensen B, Tranæus S, Karlsson 
L, Sonnesen L, et al. Treatment of post-orthodontic white spot 
lesions with casein phosphopeptide-stabilised amorphous 
calcium phosphate. Clin Oral Investig. 2011;15(3):369-73. 
doi: 10.1007/s00784-010-0401-2.

29.	 Idoraşi L, Crăciunescu EL, Stan AT, Sinescu C, Chiş AC, Onchiş-
Moacă D, et al. Morphological aspects in remineralizing 
potential of silver diamine fluoride. Rom J Morphol Embryol. 
2021;62(2):537-43. doi: 10.47162/rjme.62.2.20.

30.	 Yadav P, Desai H, Patel K, Patel N, Iyengar S. A comparative 
quantitative & qualitative assessment in orthodontic treatment 
of white spot lesion treated with 3 different commercially 
available materials - In vitro study. J Clin Exp Dent. 
2019;11(9):e776-82. doi: 10.4317/jced.56044.

31.	 Yuan H, Li J, Chen L, Cheng L, Cannon RD, Mei L. Esthetic 
comparison of white-spot lesion treatment modalities 
using spectrometry and fluorescence. Angle Orthod. 
2014;84(2):343-9. doi: 10.2319/032113-232.1.

32.	 Simon LS, Dash JK, Deepika U, Philip S, Sarangi S. Management 
of post orthodontic white spot lesions using resin infiltration 
and CPP-ACP materials-a clinical study. J Clin Pediatr Dent. 
2022;46(1):70-4. doi: 10.17796/1053-4625-46.1.12. 

33.	 Çelık EU, Aladağ A, Türkün L, Yilmaz G. Color changes of 
dental resin composites before and after polymerization and 
storage in water. J Esthet Restor Dent. 2011;23(3):179-88. doi: 
10.1111/j.1708-8240.2011.00421.x.

34.	 Ardu S, Gutemberg D, Krejci I, Feilzer AJ, Di Bella E, Dietschi 
D. Influence of water sorption on resin composite color 
and color variation amongst various composite brands with 
identical shade code: an in vitro evaluation. J Dent. 2011;39 
Suppl 1:e37-44. doi: 10.1016/j.jdent.2011.06.010.

35.	 Nasim I, Neelakantan P, Sujeer R, Subbarao CV. Color stability 
of microfilled, microhybrid and nanocomposite resins--an in 
vitro study. J Dent. 2010;38 Suppl 2:e137-42. doi: 10.1016/j.
jdent.2010.05.020.

36.	 Cohen-Carneiro F, Pascareli AM, Christino MR, do Vale 
HF, Pontes DG. Color stability of carious incipient lesions 
located in enamel and treated with resin infiltration or 
remineralization. Int J Paediatr Dent. 2014;24(4):277-85. doi: 
10.1111/ipd.12071.

https://doi.org/10.1016/j.dental.2002.11.001
https://doi.org/10.3109/00016358109162704
https://doi.org/10.4103/japtr.JAPTR_203_21
https://doi.org/10.4103/japtr.JAPTR_203_21
https://doi.org/10.1016/s0022-3913(09)60028-7
https://doi.org/10.1016/s0022-3913(09)60028-7
https://doi.org/10.1111/j.1365-2842.1977.tb00997.x
https://doi.org/10.1016/s0109-5641(87)80081-7
https://doi.org/10.1590/s0103-64402007000200006
https://doi.org/10.1590/s0103-64402007000200006
https://doi.org/10.1016/j.dental.2010.10.018
https://doi.org/10.3290/j.jad.a35518
https://doi.org/10.3290/j.jad.a42520
https://doi.org/10.3290/j.jad.a42305
https://doi.org/10.3390/ijms17060915
https://doi.org/10.1177/0022034512454294
https://doi.org/10.1007/s00784-010-0401-2
https://doi.org/10.47162/rjme.62.2.20
https://doi.org/10.4317/jced.56044
https://doi.org/10.2319/032113-232.1
https://doi.org/10.17796/1053-4625-46.1.12
https://doi.org/10.1111/j.1708-8240.2011.00421.x
https://doi.org/10.1016/j.jdent.2011.06.010
https://doi.org/10.1016/j.jdent.2010.05.020
https://doi.org/10.1016/j.jdent.2010.05.020
https://doi.org/10.1111/ipd.12071

