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Abstract: Objective: This in vitro study aimed to compare the surface microroughness (Ra) of enamel white spot lesions before and after
treatment with ICON resin infiltration and Opalustre microabrasion. Methods: Sixty extracted human permanent third molars with white
spot lesions (ICDAS II code 02) were randomly assigned to three groups (n=20 each): control (untreated), ICON resin infiltration, and
Opalustre microabrasion. ICON treatment involved etching with 15% hydrochloric acid, dehydration, resin infiltration, and light-curing.
Opalustre microabrasion used 6.6% hydrochloric acid with silicon carbide particles, applied three times, followed by polishing. Surface
roughness (Ra) was measured using a profilometer at three points per lesion, and mean Ra values were analyzed using one-way ANOVA
with post-hoc Tukey’s HSD tests (p<0.05). Results: Mean Ra values were 0.56 + 0.17 um for the control group, 0.22 + 0.24 um for the
ICON group (60.7% reduction), and 0.31 = 0.21 um for the Opalustre group (44.6% reduction). Both treatments significantly reduced Ra
compared to the control group (p<0.001). ICON achieved significantly lower Ra values than Opalustre (p=0.002). Conclusion: ICON resin
infiltration and Opalustre microabrasion both reduce the microroughness of white spot lesions, with ICON producing a smoother surface.
These findings suggest that ICON is more effective in improving surface characteristics, potentially reducing bacterial adhesion and

enhancing long-term oral health outcomes.
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1. Introduction

White spot lesions, the earliest clinical manifestation of dental
caries, present as opaque, white, or occasionally brownish
patches on the smooth surfaces of permanent teeth, resulting
from subsurface enamel demineralization. This process is
initiated by acid production from bacterial metabolism of
dietary sugars within dental plaque, leading to mineral loss
from the enamel (1). Although the enamel surface remains
intact at this stage, white spot lesions signify a critical
opportunity for intervention to arrest or reverse damage,
preventing progression to cavitated lesions. These lesions are
not only a marker of active caries but also an esthetic concern,
particularly in pediatric populations (2, 3).

The American Academy of Pediatrics and the American
Dental Association recommend evidence-based strategies to
promote remineralization and protect enamel integrity,
including twice-daily brushing with fluoride toothpaste for
two minutes, limiting sugary foods and beverages to three
meals and two healthy snacks daily, and regular dental check-
ups (4, 5). Fluoride is instrumental in enhancing enamel
resistance to acid dissolution and facilitating remineralization
(4-6). Dietary guidance emphasizes non-cariogenic choices
such as cheese, raw vegetables, and fresh fruits over sticky or
sugary options like candy or dried fruit (1). For high-risk
individuals, particularly children, professional application of
5% sodium fluoride varnish is highly effective in arresting
and reversing white spot lesions, as supported by systematic
reviews and clinical guidelines (5, 7, 8). Adjunctive therapies,
such as casein phosphopeptide-amorphous calcium phosphate
(CPP-ACP) pastes, may further enhance remineralization
when used with fluoride (9).

Advanced microinvasive techniques, such as ICON resin
infiltration, offer promising options for both caries arrest and

esthetic improvement. This method involves etching the
lesion with hydrochloric acid, drying, and infiltrating with
low-viscosity resin to occlude microporosities, effectively
halting caries progression and masking lesion appearance (10,
11). Randomized controlled trials and meta-analyses
demonstrate that resin infiltration outperforms fluoride
varnish and CPP-ACP, reducing lesion area by 46.6%
compared to 26.6% and 28.6%, respectively, over 12 months
(12). The American Dental Association supports resin
infiltration for noncavitated lesions on approximal and
smooth surfaces, particularly when esthetic outcomes are
prioritized (5). In contrast, Opalustre microabrasion, which
combines hydrochloric acid and abrasive particles to remove
superficial enamel, is primarily indicated for esthetic
enhancement of shallow lesions but is less effective for
deeper demineralization or caries arrest (13, 14). Comparative
studies highlight resin infiltration’s superior performance in
improving surface roughness, microhardness, and esthetic
masking compared to microabrasion (8).

The choice of treatment modality depends on lesion depth,
activity, esthetic priorities, patient age, caries risk, and
resource availability. Fluoride varnish and sealants remain the
cornerstone for caries prevention and arrest, while resin
infiltration is preferred for deeper, esthetically concerning
lesions (15). Microabrasion is best suited for superficial, well-
demarcated lesions with esthetic indications. Despite these
advancements, gaps in long-term outcome data and direct
comparisons between modalities underscore the need for
individualized, risk-based management and periodic
monitoring (15).

Healthy enamel exhibits the lowest microroughness, with
surface roughness (Ra) values typically around 0.04-0.10
pm. White spot caries lesions show a marked increase in
microroughness, with Ra values rising to 0.50-0.61 pm due
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to subsurface demineralization and increased porosity (16-
19). Dental restorations’ microrouphness may vary - highly
polished composite resins and ceramics can approach the
smoothness of healthy enamel (Ra =~ 0.10—0.20 pm), but less
polished or aged restorations may exhibit higher roughness,
sometimes exceeding 0.20 pm (16-20). Microroughness is
clinically important because increased surface roughness
promotes bacterial adhesion, especially of cariogenic species
such as Streptococcus mutans (20, 21). Rough surfaces
provide niches for biofilm accumulation, increasing the risk
of secondary caries and periodontal inflammation. Smooth
surfaces, as seen in healthy enamel and well-polished
restorations, are less conducive to bacterial colonization and
are easier to clean, supporting overall dental health.
Treatments for white spot lesions, such as ICON resin
infiltration and  Opalustre = microabrasion,  reduce
microroughness but do not fully restore the surface to the
smoothness of healthy enamel. ICON achieves lower
roughness than Opalustre, but both remain rougher than
sound enamel, and their surfaces may become rougher after
acid or mechanical challenges (16-19). Thus, minimizing
microroughness is a key goal in restorative and preventive
dentistry to reduce bacterial adhesion and improve long-term
oral health outcomes (22, 23). This study contributes to
evidence-based caries management by evaluating the clinical
relevance of surface roughness reduction, guiding
practitioners in selecting appropriate interventions for early
enamel lesions.

Aim: The aim of this article is to compare the microroughness
of enamel white spot lesions before and after treatment with
ICON resin infiltration and Opalustre microabrasion.

2. Materials and Methods

Sixty extracted human permanent third molars were selected
for the study. Each tooth was examined under 8x
magnification using a microscope (Semorr DOM 3000E) to
confirm the presence of initial carious lesions (white spot
lesions) classified as code 02 (ICDAS II) on smooth surfaces.
Teeth with restorations, fractures, cracks, erosion, or abrasion
were excluded. Informed consent for the use of extracted teeth
in research was obtained from patients prior to extraction. The
teeth were stored in a 0.1% thymol solution at 4°C to inhibit
microbial growth until experimental procedures began.

The 60 teeth were randomly divided into three groups (n =20

per group):
o Control Group: White spot lesions left untreated.

e ICON Group: White spot lesions treated with ICON resin
infiltration (DMG, Hamburg, Germany).

e Opalustre Group: White spot lesions treated with
Opalustre microabrasion (Ultradent Products, South
Jordan, UT, USA).

In the ICON group, white spot lesions were treated following
the manufacturer’s protocol. The lesion surface was etched
with 15% hydrochloric acid (ICON-Etch) for 120 seconds,
rinsed with deionized water for 30 seconds, and air-dried. An
ethanol-based solution (ICON-Dry) was applied for 30
seconds to dehydrate the lesion, followed by air-drying.
ICON-Infiltrant resin was applied, allowed to penetrate for 3
minutes, and light-cured for 40 seconds using a 1000 mW/cm?
LED curing lamp. Excess resin was removed, and a second
layer of infiltrant was applied for 1 minute and light-cured.

In the Opalustre group, microabrasion was conducted using
Opalustre slurry (6.6% hydrochloric acid with silicon carbide
particles) applied with a low-speed rubber cup for 60 seconds
per application, following manufacturer instructions. The
process was repeated up to three times, with rinsing and
drying between applications, until the desired surface
appearance was achieved. Treated surfaces were polished
with a fine-grit polishing paste.

Surface microroughness (Ra, in micrometers) was measured
using a profilometer (SRT-6210S, Shenzhen Graigar
Technology Co., Shenzhen, China) equipped with a 5 pm
radius needle tip, a 0.08 mm cutoff length (Ac), a 0.25 mm
transverse length, a measurement speed of 0.25 mm/sec, and
a Gaussian filter. Ra values, representing the arithmetic mean
roughness, were recorded at three points within the lesion area
and averaged for each sample. The instrument was calibrated
before each measurement session to ensure precision.

Data analysis was performed using SPSS software (SPSS
Inc., Chicago, IL, USA). The normality of Ra values was
evaluated with the Shapiro-Wilk test. Differences in mean Ra
values among the control, ICON, and Opalustre groups were
analyzed using one-way analysis of variance (ANOVA),
followed by post-hoc Tukey’s HSD tests for pairwise
comparisons. The statistical significance threshold was set at
p<0.05.

3. Results

Table 1 presents the values of the microroughness of the
examined teeth.

Table 1: Microrouphness of the examined samples

Group Mean Ra (um) + SD Percentage Reduction in Ra p-values

Control (1) 0.56 £0.17 p12<0.001
ICON Resin Infiltration (2) 0.22 £0.24 60.7% p23=0.002
Opalustre Microabrasion (3) 0.31+0.21 44.6% 1,3<0.001

As shown in Table 1, the mean Ra values indicate the mean
surface microroughness values for the control, ICON, and
Opalustre groups. Both treatment groups significantly
reduced Ra compared to the control group, with ICON
achieving a greater reduction (60.7%) than Opalustre
(44.6%). The ICON group exhibited significantly lower Ra
values than the control group (p<0.001) and the Opalustre

group (p=0.002). The Opalustre group also showed
significantly lower Ra wvalues than the control group
(p<0.001). These results indicate that ICON resin infiltration
produces a smoother surface than Opalustre microabrasion,
though both treatments improve surface roughness compared
to untreated lesions.
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4. Discussion

This in vitro study investigated the efficacy of ICON resin
infiltration and Opalustre microabrasion in reducing the
surface microroughness (Ra) of enamel white spot lesions, a
critical factor influencing bacterial adhesion and -caries
progression. The results demonstrate that both treatments
significantly reduce Ra compared to untreated lesions, with
ICON resin infiltration achieving a greater reduction (60.7%)
than Opalustre microabrasion (44.6%). Furthermore, ICON-
treated surfaces were significantly smoother than those
treated with Opalustre, aligning with previous findings that
resin infiltration produces superior surface characteristics (8,
16, 18).

The elevated microroughness of untreated white spot lesions
(0.56 = 0.17 um) reflects the increased porosity and surface
irregularities caused by subsurface demineralization, which
facilitates bacterial adhesion, particularly of cariogenic
species like Streptococcus mutans (20, 21). ICON resin
infiltration penetrates microporosities using a low-viscosity
resin, occluding porous structures and creating a smoother,
more uniform surface (10, 11). The significant reduction in
Ra to 0.22 £ 0.24 pm suggests that ICON not only enhances
esthetic outcomes but also reduces the risk of biofilm
accumulation, supporting its role in caries arrest and
prevention (5, 12). In contrast, Opalustre microabrasion,
which mechanically removes superficial enamel, achieved a
more modest Ra reduction to 0.31 + 0.21 um. This is likely
due to the abrasive nature of the treatment, which, despite
polishing, leaves a rougher surface compared to ICON (14,
18). The polishing step following microabrasion did not
significantly improve roughness, consistent with prior studies
indicating limited additional benefits from post-abrasion
polishing (16, 17).

Comparisons with existing literature corroborate these
findings. Atomic force microscopy and profilometry studies
have consistently shown that ICON-treated surfaces exhibit
lower Ra values than those treated with microabrasion,
though neither treatment fully restores the smoothness of
healthy enamel (Ra ~ 0.04—0.10 um) (16, 18, 19). The
smoother surface achieved with ICON may be attributed to
the resin’s ability to fill subsurface porosities, creating a more
homogenous surface than the mechanical removal of enamel
by Opalustre (10, 18). However, both treatments remain
susceptible to increased roughness under acid or pH cycling
challenges, suggesting that long-term durability requires
further investigation (16, 19). This susceptibility underscores
the importance of combining these treatments with preventive
measures, such as fluoride varnish application and dietary
counseling, to maintain enamel integrity (5, 7).

The clinical implications of these findings are significant.
Smoother surfaces limit bacterial retention sites, potentially
decreasing the risk of secondary caries and periodontal
inflammation (20, 22). ICON’s superior performance in
reducing microroughness makes it a preferred option for
deeper, esthetically concerning white spot lesions,
particularly in patients prioritizing both caries arrest and
esthetic outcomes (5, 15). Opalustre, while effective for
superficial lesions with primarily esthetic indications, may be
less suitable for deeper lesions due to its limited impact on

subsurface demineralization and higher resultant Ra values
(13, 14). The choice of treatment should therefore consider
lesion depth, esthetic goals, and patient-specific factors such
as caries risk and compliance with oral hygiene practices.

5. Conclusion

ICON resin infiltration outperforms Opalustre microabrasion
in reducing the microroughness of white spot lesions,
producing a smoother surface that may enhance resistance to
bacterial adhesion. Both treatments offer valuable options for
managing early caries, but their application should be tailored
to individual patient needs, with periodic monitoring to
ensure sustained outcomes.
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