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Purpose: To evaluate the effect of ageing process and brushing on the color stability and 
surface roughness of white spot lesions treated with resin infiltration or remineralization.
Patients and Methods: Artificial white spot lesions were created on the facial surface of 
extracted bovine teeth. Specimens were divided into three main groups based on treatment 
received: resin infiltration (Icon), MI Paste Plus (MI) or no treatment (control). Specimens 
underwent pH cycling for 7 days, followed by brushing with toothbrush simulator. 
Specimens were then immersed in three different solutions (water, cranberry juice, or coffee) 
for 7 days. Surface roughness (SR) and color stability (CS) assessments were performed at 
baseline and after each test. One-way and two-way ANOVA were used to calculate the 
statistical comparisons between the groups and significance considered at P <0.05.
Results: Icon group had the least color change after pH cycling, while MI showed the least 
color change after brushing test. Immersion in coffee produced the highest color change in all 
groups, followed by cranberry juice. Icon group had the best color stability when immersed 
in cranberry juice or coffee. Control and the MI treated specimens showed gradual increase 
of SR after pH cycling and brushing test, while Icon group had improved surface properties. 
Brushing test alone produced less color change in comparison with immersion in cranberry 
juice and coffee; however, brushing increased SR.
Conclusion: Icon treatment showed superior color stability and surface roughness, com-
pared to the control and the MI treated teeth. Brushing had less influence on color change 
compared to the immersion in cranberry juice or coffee.
Keywords: white spot lesion, surface roughness, color stability, resin infiltration

Introduction
White spot lesion (WSL) is a localized area of demineralization which is observed as 
a white opaque spot and considered as the first sign of dental caries.1,2 WSL is 
commonly associated with orthodontic treatment, poor oral hygiene, and some are 
related to enamel developmental defects such as hypoplasia and hypocalcification.2,3 

The prevalence of WSL among orthodontic patients ranges from 2–96% and is mostly 
on the labial surface of the lateral incisors.3,4 These lesions should be detected early to 
prevent further demineralization and cavitation.5 WLS can be treated with multiple 
treatment options starting from traditional restorations, veneers, and crowns which 
need removal of enamel beyond the demineralized area and may also reach dentin 
layer.2 Topical remineralization of these lesions can also be done either with casein 
phosphopeptide amorphous calcium phosphate (CPP-ACP) such as MI Paste, and MI 
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Paste plus, or with fluoride toothpaste, varnish, mouthwash, 
and gels.1,2,4,6 Another treatment option of WSL is micro- 
abrasion and bleaching which can be done when reminer-
alization is insufficient.2 Moreover, a non-invasive approach 
using resin infiltration material (Icon) has also been found to 
be effective in treating WSL.1,4–6

Resin infiltration is a non-invasive restorative treatment 
option for initial caries lesion. It has the ability to penetrate 
and fill the porous widened inter-crystalline spaces of demi-
neralized enamel, thereby blocking the microporosities 
mechanically, preventing the entry of acids, and arresting 
the lesion. This was discussed as early as 1970s;7,8 in vitro 
studies found that resin infiltration significantly enhances the 
surface hardness of WSL when compared with other surface 
treatments.6 In vivo studies have also proven the effective-
ness of resin infiltration in treating WSL, and showed sig-
nificantly improved clinical appearance.2,9 However, surface 
properties of resin-infiltrated WSLs, when compared to 
sound enamel, are still unknown.6

Longevity of resin restorative materials is still a major 
concern due to the challenges of the oral environment. They 
undergo color changes when exposed to chromogenic foods, 
which in turn lead to compromised esthetics and patient 
dissatisfaction.2,5,10 Another factor that may affect color 
stability is the surface roughness of the restoration, which 
can be increased due to mechanical effect of toothbrushing. 
Moreover, the oral cavity constantly goes through chemical 
and physical changes that have been reported to influence 
surface properties of resin restorative materials as well as 
their longevity and durability.5

This study aimed to evaluate the effect of ageing pro-
cess and brushing on the color stability (CS) and surface 
roughness (SR) of treated WSL with non-invasive restora-
tive treatments. The null hypothesis of this study was that 
the ageing process, brushing and beverages’ consumption 
do not affect the color stability and surface roughness of 
treated WSL with non-invasive restorative treatments.

Materials and Methods
Specimen Size and Preparation
Ninety sound extracted bovine teeth were collected and care-
fully cleaned and disinfected. Teeth were then stored in dis-
tilled water until use in order to prevent micro-organism 
accumulation and growth. Artificial WSL was created on the 
facial flat surface of each tooth by placing 6 mm diameter 
circular sticker in the selected site of the WSL, while the 
remaining exposed surface was covered with acid 
resistant nail polish.11 The sticker was removed after the nail 
polish dried, leaving the 6 mm circle of enamel exposed to 
create the WSL on it. Demineralization solution was prepared 
as described in Table 1, with pH = 4.4, that was refreshed every 
3 days. Each specimen was immersed in 15 mL of deminer-
alization solution in a sealed glass container for 96 hours to 
create WSL. Then specimens were thoroughly washed under 
running distilled water for 5 minutes.12 WSL was then 
inspected using an optical microscope (Olympus BX51, 
Olympus, Miami, FL, USA).

Treatment of WSL
Specimens were divided into three main groups based on 
the treatment to be received.

Table 1 Demineralization/Remineralization Solutions13

Chemical Demineralizing Solution (pH 4.4) Re-Mineralizing Solution (pH 7.0)

Name Manufacturer Millimole (mM)/ 
Mole (M)

Weight (g) Millimole (mM)/ 
Mole (M)

Weight (g)

Calcium 
chloride

Loba Chemie, Mumbai, India 2.2mM 0.244g 1.5mM 0.166g

Sodium 
phosphate

Loba Chemie, Mumbai, India 2.2mM 0.36g 0.9mM 0.15g

Acetic acid Honeywell Fluka, Regen, 
Germany

0.05M 3g/1.42mL

Potassium 
hydroxide

Thermo Fischer Scientific, 
Scoresby, Australia)

1M Few drops to adjust 
pH to 4.4

Potassium 
chloride

Thermo Fischer Scientific, 
Scoresby, Australia

0.15M Few drops to adjust 
pH to 7.0
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1. Control group (no treatment): 30 specimens were 
stored in distilled water.

2. Icon (resin infiltration): 30 specimens were treated 
with resin material for infiltration (Icon, DMG, 
Hamburg, Germany). The infiltration treatment was 
performed following the manufacturer’s instructions:

● Icon-Etching for 2 min.
● Water rinse and air dry for 30 s.
● Icon-Dry for 30 s.
● Previous steps repeated 2 more times.
● Icon-Infiltrant for 3 min then light cure 40 s.
● Icon-Infiltrant for 1 min then light cure 40 s.
● Finishing and polishing with Sof–Lex XT discs (3M 

ESPE, St Paul, Minnesota) gradually from the mid- 
coarse to the extra-fine disc. A slow-speed handpiece 
was used with water spray (15,000 rpm, 15 seconds/ 
disc) using intermittent brushing movement and gen-
tle pressure.

3. MI Paste Plus: 30 specimens were treated with MI 
Paste Plus (MI Paste Plus, GC America Inc, Alsip, 
IL, USA) application to the site by a cotton swab 
then washed with normal saline after 5 min.

After treatment, all specimens were evaluated for surface 
roughness and color stability as baseline records.

pH Cycling
All specimens were exposed to pH cycling using deminer-
alization/remineralization solutions to evaluate the acid 
resistance of the treated surfaces. Each specimen was 
placed in the 15 mL of demineralization solution in 
a sealed glass container for 8 h and then washed thor-
oughly under running distilled water for 5 min. Then every 
specimen was immersed in 15 mL of remineralization 
solution for 16 h in sealed glass containers and then 
washed thoroughly under running distilled water for 5 
min, which completed one cycle. Solutions were refreshed 
every 3 days and pH was maintained at 4.4 for deminer-
alization solution and 7 for remineralization solution. 
A total of seven cycles (7 days) were conducted for each 
specimen. The components of the demineralization and 
remineralization solutions are listed in Table 1.

Brushing Test
Ten specimens from each group were subjected to brushing 
test. Toothbrushing simulator machine (Toothbrush simulator 

ZM-3.8. SD Mechatronik gmbh, Feldkirchen-Westerham. 
Germany) was used containing soft toothbrushes with nylon 
bristles. Total of 224,000 cycles were used to simulate 0.7 
years of brushing by applying a brushing movement with 
a load of 2 N on the specimen surfaces, an amplitude of 
excursion of 20 mm, and a speed of 4.5 movements 
per second.

Immersion in Solutions
From each group, 6 specimens were immersed in dis-
tilled water as a control solution, while 6 specimens 
were immersed in cranberry juice (Ocean Spray, 
Lakeville-Middleboro, Mass, USA), and the other 6 
specimens were immersed in coffee (Nescafe Gold, 
Nestle, Frankfurt, Germany). To prepare the coffee solu-
tion, 10 g of coffee was poured in 500 mL of boiling 
distilled water then cooled in room temperature. The 
specimens were immersed in their designated solution 
for 7 days, solutions were changed every day, to simu-
late extrinsic dietary staining. The specimens of all 
groups were then re-evaluated for surface roughness 
and color stability after the immersion.

Color Stability Assessment
The color of the specimens was measured with 
a spectrophotometer (X-Rite, Grand Rapids, MI, USA) 
for digital color measurements. The color measurements 
were recorded by means of the CIELAB (Commission 
International de L’Eclairage L*a*b) color notation system. 
The baseline measurements of all specimens were made 
(immediately after the treatment), after pH cycling, after 
brushing test, and after immersing in different staining 
solutions. ΔE was calculated using the following formula:

ΔE�ab ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

L�2 � L�1
� �2

þ a�2 � a�1
� �2

þ b�2 � b�1
� �2

q

Surface Roughness Assessment
Surface roughness of all specimens was measured 
using Contour GT Surface Roughness Tester (3D pro-
filometer. Bruker, AZ, USA). Three measurements 
were recorded for each specimen and the average was 
calculated. Measurements were taken at different time 
intervals for all the specimens; at baseline (immedi-
ately after the treatment), after pH cycling, after brush-
ing, and after immersing in different staining solutions.
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Statistical Analysis
Results were presented as mean and standard deviations. 
One-way analysis of variance (ANOVA) was used to cal-
culate the statistical comparisons between the groups.

Two-way ANOVA was employed to study combined 
comparison between the treatment types and the subject 
test. Significance was considered at p < 0.05.

Results
Color Stability
Means and standard deviations (SD) of ΔE values are 
presented in Table 2. Icon group was found to have the 
least color change after pH cycling. However, MI Paste 
Plus showed the least color change after brushing test. 
Immersion in coffee was found to show the highest change 
in color among all groups, followed by juice, then water. 
The highest ΔE was found in MI Paste Plus group that was 
immersed in coffee. The least ΔE was found in MI Paste 
Plus group that was immersed in water.

One-way ANOVA analysis (Table 2) showed 
a statistically significant difference in ΔE between the 
subject tests in the control and MI Paste Plus treatment 
types (p<0.05), which was only observed after immersion 
in cranberry juice and coffee (p<0.05).

Two-way ANOVA analysis showed statistically signif-
icant difference in ΔE between the treatment type and 
between the subject test (p<0.05) as shown in Table 3. 
Moreover, a statistically significant difference was found 
in the interaction between the treatment type and the sub-
ject test (p<0.05).

Surface Roughness
With regards to surface roughness (SR) of treated teeth, 
both control and MI treated groups showed 
gradual increase of SR after pH cycling and brushing 
test. On the other hand, Icon group showed improvement 
in its surface properties. Table 4 shows the mean SR (μm) 
of all groups. The highest mean SR was in the MI treat-
ment type after brushing. The least SR was in control 
group after being immersed in coffee.

One-way ANOVA showed the significance in SR 
between different treatment types with the different subject 
tests (Table 4). A statistically significant difference in SR 
was found between the subject tests in MI treatment type 
only (p<0.05).

One-way ANOVA analysis (Table 4) between the dif-
ferent subject tests showed a statistically significant differ-
ence in SR between the treatment types in brushing only 
(p<0.05).

Table 2 One-Way ANOVA Analysis of the Subject Tests for ΔE

Subject test Treatment Type Mean (SD) P-value

Control Icon MI Paste Plus

Water 7.3578 (4.97659) 5.9787 (3.33245) 5.4398 (4.09314) 0.884

Juice 10.2225 (2.97721) 7.7630 (1.24841) 12.1045 (2.28258) 0.022*
Coffee 16.5407 (2.04198) 10.2589 (2.45521) 19.2927 (3.74431) 0.004*

Brushing 6.7789 (2.51941) 8.4191 (4.50359) 5.5042 (3.36964) 0.242
P-value 0.002* 0.110 0.000*

Note: *Significant at p-value <0.05.

Table 3 Two-Way ANOVA Analysis of ΔE Between the Treatment Types and Between the Subject Tests

Source Type III Sum of Squares df Mean Square F Sig.

Treatment type 95.794 2 47.897 4.288 0.017*

Subject test 1010.456 3 336.819 30.154 0.000*
Treatment type * Subject test 317.802 6 52.967 4.742 0.000*

Error 804.236 72 11.170

Total 9366.360 84

Note: *Significant at p-value <0.05.
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Two-way ANOVA showed a statistically significant 
difference in SR (mean difference between baseline and 
brushing/immersion) between the solution only (p<0.05). 
As shown in Table 5, the interaction between the treatment 
type and the solution was statistically significant (p<0.05).

Discussion
As white spot lesions are commonly seen in dental practice 
and its treatment is recommended as early as possible to 
prevent further progression, multiple treatment options have 
been introduced including non-invasive restorative 
treatments.1,2,5 Resin infiltration (Icon) is one of the recent 
and promising non-invasive restorative treatment options.6–8 

However, behavior under simulated oral conditions remains 
uncertain.2,5,6,10 This study aimed to evaluate the effect of 
ageing process and brushing on the color stability and sur-
face roughness of WSL treated with non-invasive restorative 
treatments. The null hypothesis of this study was rejected as 
the ageing process, brushing, and beverages’ consumption 
did not affect the color stability and surface roughness of 
WSL treated with resin infiltration.

Patients are mostly concerned with esthetics and mask-
ing the white appearance of the WSL. Therefore, color 
stability assessment was done in this study considering the 

influence of common chromogenic liquids such as coffee 
and cranberry juice. Brushing WSL is another factor that 
affects the color stability mechanically by affecting the 
surface roughness of the restoration.

The change in color was highest in the untreated WSL, 
while the WSL treated with Icon had superior color stability 
after pH cycling. This is in agreement with a previous study, 
where resin infiltration with Icon was capable of masking 
the initial caries lesion after treatment as well as after sub-
sequent pH cycling.14 Another in vitro study also showed 
that resin infiltration reliably masks artificial caries lesions 
and proved to be resistant to staining.15 However, WSL 
treated with Icon had the highest color change, while 
a previous study reported conflicting results, as infiltrated 
white lesions resisted mechanical abrasion that was done by 
brushing simulator.5 The different results may be due to the 
different number of cycles, as the previous study performed 
10,000 strokes of tooth brushing, while in this study speci-
mens were subjected to 224,000 cycles.

Upon immersion in commonly consumed beverages, 
coffee was found to have the most intense and dark stains 
in all groups, followed by cranberry juice. That is in 
agreement with many previous studies.17–19 This staining 
effect could be due to the presence of tannic acid and 
pigments in coffee with low polarity that cause staining 
due to their affinity to the polymer network, and the pre-
sence of anthocyanin pigment in cranberry juice.20

A previous study reported that highly concentrated 
fluoride treatments inhibit further progression of WSL, 
however, the unfavorable appearance of the lesions was 
not considerably masked.14 Similarly, this study showed 
that WSLs treated with MI had the most color change after 
immersion in coffee and juice.

In the present study, Icon infiltration improved the 
surface roughness of WSL compared to untreated lesions. 

Table 4 One-Way ANOVA Analysis of the Subject Tests for SR (μm)

Subject Test Treatment Type Mean (SD) P-value

Control Icon MI Paste Plus

Water 0.41 (0.34) −0.11 (0.28) 0.04 (0.47) 0.113

Juice 0.13 (0.43) −0.04 (0.36) 0.34 (0.38) 0.366

Coffee −0.33 (0.54) −0.04 (0.51) −0.24 (0.40) 0.385

Brushing 0.19 (0.23) −0.05 (0.16) 0.46 (0.34) 0.021*

P-value 0.087 0.889 0.030*

Note: *Significant at p-value <0.05.

Table 5 Two-Way ANOVA Analysis of SR (μm) Between the Treatment Types and Between the Subject Tests

Source Type III Sum of Squares df Mean Square F Sig.

Treatment type 0.630 2 0.315 2.351 0.103

Subject test 1.952 3 0.651 4.853 0.004*

Treatment type * Subject test 1.947 6 0.324 2.419 0.035*
Error 9.655 72 0.134

Total 15.050 84

Note: *Significant at p-value <0.05. 
Abbreviations: WSL, white spot lesion; CS, color stability; SR, surface roughness; SD, standard deviations.
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This is in agreement with a previous study which reported 
that Icon reduced roughness, although not equal to sound 
enamel.16 After pH cycling, WSLs treated with Icon 
showed improved surface roughness compared to MI trea-
ted, and untreated WSL, while in a previous study, it has 
been reported that the resin infiltrant was unable to protect 
enamel from pH cycling in terms of surface roughness. 
This could be due to differences in pH cycling methods.5

After brushing, WSL treated with Icon showed improved 
surface roughness compared to MI treated, and untreated 
WSL. This is in agreement with a previous study where 
brushing stimulation was unable to remove resin infiltrant.5 

This mechanical load resistance could be due to the thick 
layer of material, since two layers of resin infiltrant are 
recommended by the manufacturer. In addition, cranberry 
juice was found to have the worst effect on surface rough-
ness among all groups, followed by coffee. This could be 
attributed to the acidic pH of cranberry juice, and the fact 
that it contains anthocyanin; a food pigment that is present in 
grapes, blueberries, and cranberries, which has also been 
reported to cause discoloration in red wines.20

Resin infiltration (Icon) can be used as non-invasive 
restorative treatment for treating white spot lesions, which 
could effectively mask the white appearance and have accep-
table color stability, and improved surface roughness.6–8

Further studies testing the effect of thermal changes to 
better simulate oral conditions are needed. Additionally, pH 
cycling could be extended for more than 7 cycles to simulate 
longer period of ageing. Extracted human teeth may be used 
for future studies to better simulate clinical conditions.

Conclusion
WSL treated with Icon resin infiltration had better out-
comes in terms of color stability and surface roughness, 
compared to the MI treated teeth and untreated WSL. 
Moreover, brushing the treated WSL showed less effect 
on color change compared to the effect after immersion in 
juice and coffee. Also, immersion in coffee showed the 
highest staining effect on treated and untreated WSL.
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