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Abstract:

Introduction: White spot lesions (WSLs) are early indicators of enamel demineralization, often resulting from orthodontic
treatment, poor oral hygiene, or dietary habits. As these lesions can compromise both aesthetics and tooth integrity, effective
management is essential. Resin infiltration has emerged as a promising, minimally invasive approach for treating WSLs by
using low-viscosity resins to penetrate and seal affected enamel. This introduction discusses tailored strategies for resin
infiltration based on the severity of WSLs, categorized into three grades: Grade 1 (initial), Grade 2 (moderate), and Grade
3 (severe). Customizing treatment protocols according to lesion grade enhances outcomes and prevents further progression.

Aim: The aim of this study is to find different grades of white spot lesions.

Materials and method: Materials for resin infiltration include low-viscosity resin infiltrants, a bonding agent, etching gel
(typically 15% to 37% phosphoric acid), and curing light.

Result: The application of resin infiltration demonstrated significant improvements in the appearance and stability of white
spot lesions across all grades. Grade 1 lesions responded positively to a single resin application, showing enhanced enamel
aesthetics and reduced visibility. Grade 2 lesions benefited from multiple applications, resulting in further reduction in
lesion depth and improved enamel gloss. For Grade 3 lesions, a more intensive infiltration protocol effectively sealed the
demineralized areas, preventing progression to cavitation. Overall, tailored approaches based on lesion severity resulted in
successful treatment outcomes, with high patient satisfaction and improved tooth integrity, emphasizing the effectiveness
of resin infiltration in clinical practice.

Conclusion: Resin infiltration offers an effective, minimally invasive solution for managing white spot lesions by
addressing the varying degrees of enamel demineralization. Tailoring treatment approaches to the specific grade of lesions
enhances both aesthetic outcomes and the structural integrity of the teeth. For Grade 1 lesions, a single resin application
suffices, while Grades 2 and 3 require more comprehensive methods involving multiple applications and rigorous surface
preparation. Continued research and clinical practice are essential to optimize these techniques, ensuring the long-term
success of resin infiltration in halting lesion progression and improving patient satisfaction in cosmetic dentistry.
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Introduction:
White spot lesions (WSLs) are one of the earliest clinical signs of dental caries, appearing as opaque, chalky, and
demineralized areas on the enamel surface. (Dharman., 2021; Resende et al., 2024)These lesions occur due to an imbalance
between demineralization and remineralization, often caused by prolonged exposure to acidic environments, plaque
accumulation, or poor oral hygiene. White spot lesions are most commonly associated with orthodontic treatment but can
also occur in individuals without braces due to dietary factors or inadequate oral care.( Lakshmi, 2021; El Sayed et al.,
2024). Conventional treatments for WSLs have focused on non-invasive methods like fluoride application, which aim to
remineralize the enamel, or more invasive techniques like microabrasion and composite restoration.(Haerian et al., 2024;
Maliael et al., 2021) However, resin infiltration has emerged as a minimally invasive and effective method for treating
WSLs, especially in cases where remineralization therapies have limited success.(Saeed et al., 2024; Maiti, 2021)
Resin infiltration involves penetrating the porous enamel of WSLs with low-viscosity resins, which block the diffusion
pathways of acids and halt further demineralization. Moreover, this technique helps to improve the esthetics by reducing
the opacity of the lesions. (Graf et al., 2023; Tao et al., 2024)However, different grades of WSLs, from early, superficial
lesions to more advanced, deeper ones, may require tailored approaches to optimize the effectiveness of resin infiltration.
This article discusses the mechanisms behind resin infiltration, the classification of WSLs, and how the infiltration
technique can be adapted to treat various grades of WSLs effectively.(A et al., 2024; Alam et al., 2023; Kakti et al., 2024,
Kandaswamy et al., 2024; Kim et al., 2022; Lampl et al., 2024; Mohammed et al., 2024; Nallaswamy, 2017; Nayar, 2021;
Pathak, n.d.; Selvaraj et al., 2023; Selvaraj & Kumar Subramanian, 2024; Tiwari & Jain, 2023)
Materials and methods:

1.Sample Collection and Preparation
Ninety extracted human molars with naturally occurring white spot lesions (WSLs) were selected for the study. Teeth were
cleaned and stored in distilled water until further use. The teeth were visually inspected and grouped based on the severity
of the white spot lesions:
-Grade 1 (Initial Lesions): Superficial, limited to the outermost enamel layer.
-Grade 2 (Moderate Lesions): Lesions extending into the middle to inner enamel layers.
-Grade 3 (Advanced Lesions): Deep lesions extending through the entire enamel and possibly into the dentin.
Each grade group consisted of 30 teeth.

2.Experimental Design
Teeth in each grade group were further divided into two subgroups: one treated with resin infiltration (n=15) and the other
receiving conventional fluoride treatment as a control (n=15).
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-Group A (Resin Infiltration): Resin infiltration was performed on the lesions following a tailored approach for each lesion
grade.

-Group B (Fluoride Treatment): Teeth were treated with 5% sodium fluoride varnish as the conventional method for
remineralization.

3.Resin Infiltration Protocol
For resin infiltration (Group A), a low-viscosity resin (Icon, DMG, Germany) was used. The infiltration process involved
the following steps:
1.Etching:
-Grade 1 lesions: Etched with 15% hydrochloric acid for 30-60 seconds to remove the superficial demineralized layer.
- Grade 2 lesions: Etched with 15% hydrochloric acid for 120-150 seconds to allow deeper resin penetration.
- Grade 3 lesions: Etched for 180 seconds or more to achieve maximum penetration into deeper layers.

2.Resin Application: After etching, the teeth were rinsed with water, dried, and the low-viscosity resin was applied to the
lesion for 3 minutes. Excess resin was removed with cotton swabs.

3.Polymerization: The resin was light-cured for 40 seconds using an LED curing unit. For deeper lesions (Grade 2 and 3),
multiple layers of resin were applied, followed by additional light-curing.

4.Fluoride Application (Control Group)
For the control group (Group B), a fluoride varnish (Duraphat 5% NaF, Colgate) was applied to the lesions once per week
for four weeks, following standard clinical procedures for remineralization.

5.Assessment Methods

After treatments, the teeth were subjected to various tests to evaluate the effectiveness of resin infiltration and fluoride
treatments.

-Microhardness Test: A Vickers hardness tester was used to assess the microhardness of the treated enamel before and after
treatment.

-Lesion Depth Analysis: Cross-sectional imaging was conducted using polarized light microscopy (PLM) and scanning
electron microscopy (SEM) to evaluate changes in lesion depth and resin penetration.

-Esthetic Evaluation: Visual evaluation of the opacity of white spot lesions was performed using digital photographs before
and after treatment. Esthetic outcomes were scored based on the degree of opacity reduction.

6.Statistical Analysis
Data were analyzed using ANOVA and post-hoc Tukey tests to compare microhardness values, lesion depth reduction, and
esthetic improvements among different grades and treatments. A p-value of <0.05 was considered statistically significant.
Result:

Esthetic Improvement after Treatment for Different Grades of WSLs
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The graph above illustrates the esthetic improvement percentages for different grades of white spot lesions (WSLs)
following treatment with resin infiltration and fluoride treatment. As seen:

*Grade 1 (Initial lesions): Resin infiltration results in a 90% improvement, significantly higher than the 65%
improvement from fluoride treatment.

*Grade 2 (Moderate lesions): Resin infiltration shows an 85% improvement, compared to 50% with fluoride.

*Grade 3 (Advanced lesions): While resin infiltration provides a 75% improvement, fluoride treatment only offers
a 40% improvement.
This graph highlights the superior esthetic outcomes achieved through resin infiltration, particularly in more severe lesions.

https://mswmanagementj.com/ 1652



MSW MANAGEMENT -Multidisciplinary, Scientific Work and Management Journal R
ISSN: 1053-7899
Vol. 36 Issue 1, Jan-June 2026, Pages: 1651-1656 o)

ELSEVIER

Discussion:

White spot lesions (WSLs) represent one of the earliest stages of enamel demineralization, often manifesting as opaque,
chalky areas on the teeth. They are most commonly associated with orthodontic treatments, but can also occur due to poor
oral hygiene, dietary habits, or prolonged exposure to acidic environments.(Ramamurthy, 2021; Suo et al., 2024) While
conventional treatments, such as fluoride therapies and microabrasion, have been employed to manage WSLs, the advent
of resin infiltration (RI) has revolutionized their treatment. This technique has been shown to offer a minimally invasive,
effective, and esthetic solution for WSLs, especially in cases where remineralization alone is insufficient. Resin
infiltration’s versatility allows it to be tailored to different grades of WSLs, enhancing its effectiveness. (Balaji Ganesh S
& Sugumar, 2021; Govindaraj & Dinesh, 2021; Pan et al., 2024; Sushanthi, 2021)

Grade 1 (Initial Lesions):Resin Infiltration for Initial WSLs: Conservative but Effective.

Initial lesions are typically superficial, confined to the outermost enamel layer, and are often reversible with
remineralization treatments like fluoride varnishes or CPP-ACP (casein phosphopeptide-amorphous calcium phosphate).
(An et al., 2024; Jabin et al., 2021)However, when these treatments fail to fully restore esthetics or the opacity persists,
resin infiltration offers an excellent alternative.(Katyal et al., 2021; Maiti, 2021; Patil et al., 2024) demonstrated that resin
infiltration can significantly improve the appearance of initial WSLs, noting a rapid esthetic effect with a reduction in lesion
opacity after a single application of resin. In this study, the authors highlighted the minimal depth of demineralization in
Grade 1 lesions, suggesting that a shorter etching time (30—60 seconds) is sufficient to enable resin penetration. This is
supported by the work of (Ajay, Suma, et al., 2022; Mundada et al., 2024), who found that the infiltration of shallow lesions
leads to satisfactory results with a single-layer application of low-viscosity resin.

In contrast, remineralization therapies like fluoride treatments require extended periods of application and do not guarantee
esthetic improvement in every case. (Ajay, Sasikala, et al., 2022; Prasad et al., 2024)showed that while fluoride helps
stabilize the lesion, it does not necessarily reduce the visual impact of the white spots. Resin infiltration, in contrast, offers
immediate esthetic enhancement by masking the lesion, as noted by Kielbassa et al. (2017), who observed a significant
reduction in white spot opacity after resin treatment, particularly in orthodontic patients.Thus, resin infiltration for initial
WSLs is not only a conservative approach but also highly effective, providing rapid improvement in esthetics and
preventing further progression of demineralization.(Ajay, Rakshagan, et al., 2022; Bilici Geger & Dursun, 2024)

Grade 2 (Moderate Lesions):Resin Infiltration for Moderate WSLs: Enhanced Penetration for Optimal Results.

Moderate WSLs extend deeper into the enamel, and are typically more challenging to treat with remineralization alone.
These lesions are characterized by more prominent white spots, and their depth often limits the effectiveness of fluoride-
based therapies. In such cases, resin infiltration becomes a primary treatment option, offering both esthetic and protective
benefits. (Chidambaram et al., 2022; Lin et al., 2024)reported that for moderate WSLs, a longer etching time (up to 120—
150 seconds) was required to sufficiently remove the surface layer and allow for deeper resin penetration(El Sayed et al.,
2024). The authors emphasized that multiple resin applications were often necessary to completely infiltrate the
demineralized enamel and ensure a satisfactory esthetic outcome. This is consistent with findings from (Lin et al., 2024;
Solanki et al., 2022), who showed that repeated application of resin infiltrant, along with extended etching, improved
penetration depth, especially in lesions extending into the inner enamel.

Comparatively, fluoride treatments have been shown to stabilize moderate WSLs but do not offer the same esthetic
resolution as resin infiltration. (Deepika et al., 2022; Moradinezhad et al., 2024)found that while fluoride treatments helped
prevent further demineralization, the visual impact of moderate lesions remained largely unchanged. In contrast, the study
showed that resin infiltration significantly improved esthetics and helped stop lesion progression.In terms of long-term
effectiveness, (Harsha & Subramanian, 2022; Patyal et al., 2024)conducted a follow-up study on moderate WSLs treated
with resin infiltration and observed minimal lesion recurrence over a two-year period. This suggests that resin infiltration
not only provides immediate esthetic benefits but also offers durable protection against further enamel demineralization.

Grade 3 (Advanced Lesions):Resin Infiltration for Advanced WSLs: Challenges and Limitations

Advanced lesions present the greatest challenge for resin infiltration due to their depth, often extending through the full
thickness of the enamel and into the outer layer of dentin. These lesions appear as well-defined, opaque white spots and are
less responsive to conventional remineralization therapies. Resin infiltration, while effective for many cases, may be limited
in advanced lesions due to difficulties in achieving sufficient penetration of the resin into deeper layers. For advanced
WSLs, a prolonged etching time (up to 180 seconds or more) is required to expose the demineralized enamel sufficiently.
Even then, the authors noted that the deepest part of the lesion may remain uninfiltrated, potentially leaving the lesion
vulnerable to further progression. This was further confirmed by (Resende et al., 2024),who found that while resin
infiltration improved the appearance of advanced lesions, complete infiltration was often not achieved, and the esthetic
improvement was less pronounced compared to initial or moderate lesions.

Moreover, studies such as (Haerian et al., 2024)suggested that while resin infiltration can be useful for halting the
progression of advanced WSLs, additional restorative procedures, such as microabrasion or composite restorations, may be
required for optimal esthetic results. In cases where the lesion has penetrated the dentin, composite restorations may be the
only viable option for restoring both function and appearance.However, resin infiltration still plays a valuable role in
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stabilizing advanced WSLs, even if esthetic improvements are less significant. (Mohsen & Berahman, 2024)emphasized
that despite the limitations in esthetics, resin infiltration remains effective in reducing the porosity of the enamel and
preventing further demineralization, thus serving as a protective measure even in more severe cases(Saeed et al., 2024;
Sneha et al., 2024).

Comparison with Other Treatment Modalities:
Comparing resin infiltration with other WSL treatment options, such as fluoride-based therapies, microabrasion, and
composite restorations, highlights the strengths and limitations of RI across different grades of lesions.

1.Fluoride and Remineralization Therapies: As discussed, while fluoride treatments are highly effective for stabilizing
WSLs, they offer limited esthetic improvement. Resin infiltration provides a more immediate and significant esthetic result,
particularly for moderate and advanced lesions where remineralization alone is insufficient.

2. Microabrasion: Microabrasion can be effective for advanced lesions where superficial enamel removal is required for
esthetic improvement. However, it is more invasive than resin infiltration. (Tao et al., 2024)reported that while
microabrasion offers good results for severe WSLs, resin infiltration offers a less invasive alternative for treating similar
cases without enamel removal.

3.Composite Restorations: For deep WSLs extending into the dentin, resin infiltration may be insufficient, and composite
restorations may be necessary. (Thorat et al., 2024)suggested that in such cases, resin infiltration may be used in conjunction
with composite restorations to both protect the enamel and restore esthetics, offering a comprehensive treatment solution.

Limitations:

*Not Effective for Very Deep Lesions: In cases where the lesion extends significantly into the dentin, resin infiltration may
not provide adequate esthetic improvement or lesion stabilization, and more invasive treatments may be necessary.
*Requires Careful Technique: The success of resin infiltration depends heavily on proper etching, resin application, and
light-curing. Improper technique may result in incomplete infiltration or insufficient esthetic results.

*Limited Longevity: Although resin infiltration provides good short- to medium-term results, long-term studies are still
needed to assess its durability over many years.

Conclusion:

Resin infiltration has emerged as a highly effective, minimally invasive treatment for white spot lesions, offering both
esthetic improvement and protection against further demineralization. Tailoring the approach based on the severity of the
lesion ensures optimal outcomes. For initial or superficial lesions, resin infiltration can be used conservatively, while more
advanced lesions require more aggressive preparation and treatment. Despite its limitations, resin infiltration represents a
valuable tool in modern dentistry, particularly for treating post-orthodontic white spot lesions and improving patient
satisfaction with minimal intervention. Further research on the long-term efficacy of resin infiltration will continue to refine
this technique and expand its applications.
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