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Abstract 

Backround and objectives: White spot lesions (WSLs) represent a common enamel demineralization 
complication associated with fixed orthodontic treatment. Resin infiltration is widely used as a 
minimally invasive approach to arrest lesion progression and improve esthetics; however, the 
influence of lesion severity on treatment effectiveness remains insufficiently understood. This in vitro 
study aimed to evaluate the impact of WSL severity on resin infiltration performance under 
conditions simulating orthodontic demineralization. Material and Methods: Ninety extracted human 
premolars were subjected to controlled acidic exposure to produce mild, moderate, and severe 
lesions. All specimens were treated using a standardized resin infiltration protocol. Lesion depth, 
resin penetration, optical masking effect (ΔE), and surface microhardness were evaluated using 
confocal microscopy, spectrophotometry, and Vickers hardness testing. Results: Lesion depth 
increased significantly with demineralization duration (p < 0.001). Resin penetration showed a strong 
positive correlation with lesion depth (r = 0.81), while infiltration efficiency was highest in moderate 
lesions. Optical masking effectiveness decreased significantly with increasing lesion severity (p < 
0.01). Surface microhardness improved significantly after infiltration in all groups, with the greatest 
recovery observed in moderate lesions. Conclusions: Lesion severity significantly influences the 
clinical performance of resin infiltration. Early and moderately developed WSLs respond more 
favorably to infiltration treatment, emphasizing the importance of timely intervention during 
orthodontic therapy. 

Keywords: white spot lesions (WSLs); resin infiltration; enamel demineralization; lesion depth; 
optical masking effect; surface microhardness 
 

1. Introduction 

White spot lesions (WSLs) are among the most frequent and clinically relevant adverse effects 
associated with fixed orthodontic treatment; they represent the earliest clinically detectable 
manifestation of enamel demineralization associated with fixed orthodontic therapy.  [1]. They are 
subsurface enamel demineralization areas that clinically appear as opaque, chalky-white regions due 
to changes in enamel's refractive index [1,2]. These lesions develop as a result of an imbalance 
between demineralization and remineralization processes at the tooth surface, strongly associated 
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with prolonged plaque accumulation and increased cariogenic bacterial activity around orthodontic 
appliances. The structural characteristics of WSLs vary considerably depending on lesion severity 
and duration of acidic challenge, which may influence the effectiveness of minimally invasive 
therapeutic approaches such as resin infiltration [1-4]. 

Despite significant advances in orthodontic materials and techniques, fixed appliances continue 
to create multiple plaque-retentive areas, particularly around brackets, ligatures, and archwires [3]. 
These retentive zones favor the accumulation of biofilm rich in acidogenic microorganisms, leading 
to a rapid decrease in local pH and subsequent mineral loss from enamel [4]. Recent studies published 
after 2021 consistently report a high incidence and prevalence of WSLs in patients undergoing fixed 
orthodontic therapy, emphasizing that these lesions may develop within weeks of appliance 
placement, especially in the presence of inadequate oral hygiene [1,2,5]. 

From a clinical perspective, WSLs are not merely an aesthetic concern. Although initially non-
cavitated, these lesions reflect a structurally weakened enamel surface with increased porosity, which 
predisposes the tooth to further progression toward cavitated carious lesions if left untreated [2,6,7]. 
Moreover, the aesthetic impact of WSLs often becomes more evident after appliance removal, when 
patients expect an improvement in dental appearance following orthodontic treatment [7,8]. As a 
result, WSLs can compromise patient satisfaction and overall treatment outcomes [9]. 

Early diagnosis and risk assessment are therefore essential components of modern orthodontic 
care [1,10]. Contemporary diagnostic approaches, including standardized digital photography and 
quantitative light-induced fluorescence (QLF), allow for the detection and monitoring of early enamel 
demineralization before cavitation occurs [11,12]. Recent literature highlights that patients with pre-
existing enamel defects or initial WSLs before orthodontic treatment are at increased risk for the 
development of additional lesions during therapy [1]. 

Preventive strategies remain the cornerstone of WSL management and include rigorous oral 
hygiene protocols, dietary counseling, fluoride-based products, and emerging biomimetic 
remineralization systems [13]. However, evidence published in the last few years suggests that 
preventive measures alone may not be sufficient to eliminate the risk of WSL formation, particularly 
in high-risk orthodontic patients [14]. Consequently, minimally invasive therapeutic approaches 
aimed at arresting lesion progression and improving aesthetics have gained increasing attention 
[1,7,15]. 

Resin infiltration therapy has emerged as a micro-invasive treatment modality for non-cavitated 
enamel lesions [15,16]. By penetrating the porous structure of demineralized enamel, low-viscosity 
infiltrating resins occlude diffusion pathways for acids, stabilize the lesion, and modify the optical 
properties of enamel, thereby reducing the visible contrast between sound and affected tissues [16-
18]. Recent studies have confirmed the clinical effectiveness of resin infiltration in arresting WSL 
progression and achieving favorable aesthetic outcomes [1,7,8,13,14,15,17]. 

In parallel with commercially available infiltrants, ongoing research has focused on the 
development of experimental resin systems with improved mechanical properties, reduced water 
sorption, and enhanced biological performance [18,19]. Modifications of the resin matrix and the 
incorporation of functional fillers capable of fluoride release represent promising strategies to 
improve the long-term stability and preventive potential of infiltrating materials [20,21]. 

The present study aimed to evaluate the influence of lesion severity on the performance of resin 
infiltration in orthodontically induced white spot lesions. Specifically, the study assessed the 
relationship between demineralization depth and the following parameters: resin penetration depth, 
optical masking effect, and surface microhardness recovery [22,23]. 

A secondary objective was to determine whether resin infiltration exhibits differential 
effectiveness across early, moderate, and advanced stages of enamel demineralization under 
controlled laboratory conditions simulating the cariogenic environment associated with fixed 
orthodontic appliances. 

2. Materials and Methods 
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Study Design 

This in vitro laboratory study was designed to evaluate the influence of white spot lesion (WSL) 
severity on resin infiltration performance under conditions simulating orthodontic demineralization. 
The primary outcomes assessed included resin penetration depth, optical masking effectiveness, and 
surface microhardness recovery. Ethical approval was obtained from the University George Emil 
Palade Ethic Committee (Approval No. 2709/27.12.2024). Specimen collection and preparation. 
Specimen collection and preparation were performed between January and February 2025. The 
artificial demineralization procedures and resin infiltration treatments were conducted from March 
to April 2025. Laboratory measurements, including confocal microscopy, spectrophotometric 
analysis, and microhardness testing, were completed between May and June 2025. Statistical analysis 
and data interpretation were carried out in July 2025. 

A priori sample size calculation was performed using G*Power software (Version 3.1, Heinrich-
Heine University, Düsseldorf, Germany). Based on data from previous in vitro studies evaluating 
resin infiltration penetration depth and microhardness recovery in artificial white spot lesions, a large 
effect size (f = 0.40) was assumed. 

With a significance level of α = 0.05 and a statistical power of 80% for one-way ANOVA 
comparisons among three groups, the minimum required sample size was calculated as 66 
specimens. 

To compensate for potential specimen loss during preparation, sectioning, or measurement 
procedures, the sample size was increased by approximately 35%, resulting in a final total of 90 teeth 
(30 per group). 

Sample Selection 

Ninety extracted human premolars, obtained following orthodontic treatment indications, were 
included in the study. Teeth presenting cracks, fluorosis, hypoplasia, restorations, or pre-existing 
carious lesions were excluded. 

After extraction, teeth were cleaned of soft tissue remnants and stored in a 0.1% thymol solution 
at 4°C until use to prevent dehydration and microbial contamination. 

The specimens were randomly allocated into three experimental groups (n = 30 per group) 
according to the duration of the demineralization protocol. 

 

Creation of Artificial Orthodontic White Spot Lesions 

Standardized artificial WSLs were created on the buccal enamel surfaces using a controlled 
demineralization protocol designed to simulate plaque-induced mineral loss occurring around 
orthodontic brackets. 

Before demineralization, the enamel surfaces were meticulously cleaned with deionized water. 
To ensure a standardized area of interest, all surfaces were coated with an acid-resistant varnish, 
leaving a 4 mm diameter circular window of exposed enamel on the buccal surface. This controlled 
exposure area ensures that demineralization is localized and quantifiable, facilitating consistent 
comparisons across different severity groups. 

The specimens were immersed in a demineralizing solution containing lactic acid, calcium 
chloride, and phosphate (Merck, Germany), buffered to a pH of 4.5 (Figure 1). This solution replicates 
the low-pH environment generated by acidogenic biofilm (e.g., Streptococcus mutans) during 
orthodontic treatment. This protocol produces subsurface mineral loss while preserving an intact 
superficial enamel layer, which is a characteristic feature of clinical white spot lesions [2,5,7,14]. 
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Figure 1. Experimental demineralization. 

Based on established dental evidence, enamel lesion depth and mineral loss increase predictably 
with the duration of acidic exposure. Accordingly, three severity groups were defined by immersion 
time to represent progressive stages of demineralization (Table 1). This protocol reliably produced 
controlled, reproducible subsurface lesions that closely mimic early clinical demineralization 
observed during orthodontic treatment. 

Table 1. Severity groups based on immersion time. 

Severity Group Exposure Duration Estimated Lesion Depth Clinical Correlation 
Mild 7 Days ~50–100 µm Early subsurface demineralization 

Moderate 14 Days ~120–200 µm Established WSL with visible opacity 
Severe 21 Days >250 µm Advanced lesion with high porosity 
The artificial lesion model used in this study is validated by its high reproducibility, overcoming 

the biological variability inherent to natural lesions caused by differences in saliva composition and 
oral hygiene. It represents a reliable surrogate for orthodontic-induced demineralization because it 
closely mimics the sustained low-pH plaque environment, preserves the characteristic subsurface 
mineral loss with an intact surface layer, and enables precise standardization of lesion depth, thereby 
ensuring robust and statistically reliable evaluation of subsequent remineralization outcomes. 

Resin Infiltration Procedure 

All specimens were treated using a commercially available resin infiltration system (ICON®, 
DMG, Hamburg, Germany) following a standardized protocol. 

The procedure consisted of: 
1. Application of 15% hydrochloric acid gel for 120 seconds; 
2. Rinsing for 30 seconds and air drying; 
3. Application of ethanol-based drying agent for 30 seconds; 
4. Application of infiltrant resin for 3 minutes; 
5. Light curing for 40 seconds; 
6. Second application of infiltrant for 1 minute followed by light curing (Bluephase G2, Ivoclar 

Vivadent, Liechtenstein). 
All procedures were performed by a single calibrated operator to ensure consistency. 
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Assessment of Resin Penetration Depth 

After infiltration, specimens were sectioned longitudinally through the lesion area. Penetration 
depth was evaluated using confocal laser scanning microscopy (Leica TCS SP8, Germany) after 
staining the infiltrant with a fluorescent dye (Figure 2). 

Penetration was measured at three standardized points per specimen, and mean values were 
calculated. 

 

Figure 2. Penetration depth evaluation by using confocal laser scanning microscopy. 

Evaluation of Optical Masking Effect 

Color measurements were performed using a spectrophotometer Vita Easyshade V (VITA 
Zahnfabrik, Germany) based on the CIELab system. Measurements were taken at three timepoints: 
 baseline; 
 after WSL creation; 
 after resin infiltration. 

Color differences (ΔE) were calculated to determine the masking effectiveness of infiltration 
across lesion severities. 

Surface Microhardness Testing 

Surface microhardness was evaluated using a Vickers microhardness tester (HMV-2, Shimadzu, 
Japan). Indentations were performed on enamel surfaces before infiltration and after treatment. 

The mean of three measurements per specimen was recorded. 

Statistical Analysis 

Statistical analysis was performed using SPSS Statistics Version 26.0 (IBM Corp., Armonk, NY, 
USA). Data normality was assessed using the Shapiro–Wilk test. 

Descriptive statistics (mean ± standard deviation) were calculated for lesion depth, resin 
penetration depth, color change (ΔE), and microhardness values. 

Comparisons among lesion severity groups were conducted using one-way analysis of variance 
(ANOVA), followed by Tukey post hoc tests for pairwise comparisons. 

Paired t-tests were used to evaluate differences between pre- and post-infiltration measurements 
within each group. 

Pearson correlation analysis was performed to investigate relationships between lesion depth, 
penetration depth, optical masking effectiveness, and microhardness recovery. 

The level of statistical significance was set at p < 0.05. 
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3. Results 

3.1. Validation of Artificial White Spot Lesion Formation 

Artificial demineralization produced clinically recognizable white spot lesions in all specimens. 
Confocal microscopy confirmed the presence of subsurface enamel demineralization characterized 
by an intact superficial layer and increased porosity beneath the surface. 

Lesion depth increased significantly with demineralization duration. Mild lesions exhibited 
shallow subsurface mineral loss, whereas moderate and severe groups showed progressively deeper 
enamel involvement (Table 2). 

Mean lesion depths were approximately: 
 82 ± 15 µm in the mild group, 
 158 ± 21 µm in the moderate group, 
 274 ± 30 µm in the severe group. 

Table 2. Lesion Depth According to Demineralization Duration. 

Group 
Demineralization 

Duration 
Mean Lesion Depth 

(µm) 
Standard 
Deviation Minimum Maximum 

Mild WSL 7 days 82.4 14.7 58 109 
Moderate WSL 14 days 158.3 21.2 121 197 

Severe WSL 21 days 274.6 29.5 225 331 
One-way ANOVA showed significant differences among groups (p < 0.001). Tukey post hoc 

analysis confirmed statistically significant pairwise differences between all lesion severity levels. 

3.2. Resin Penetration Depth 

Resin infiltration successfully penetrated enamel lesions in all groups. However, penetration 
depth varied significantly depending on lesion severity (Table 3). 

The greatest penetration depth was observed in the moderate lesion group, while significantly 
lower values were recorded in both mild and severe groups. 

Mean penetration depths were: 
 Mild lesions: 68 ± 12 µm 
 Moderate lesions: 132 ± 18 µm 
 Severe lesions: 145 ± 20 µm 

Although penetration depth increased with lesion severity, the penetration ratio (penetration 
depth relative to lesion depth) was highest in the moderate group. 

Table 3. Resin Penetration Depth and Penetration Efficiency. 

Group Lesion Depth (µm) Penetration Depth (µm) Penetration Ratio (%) Standard Deviation 
Mild WSL 82.4 68.1 82.6 12.4 

Moderate WSL 158.3 132.7 83.8 17.6 
Severe WSL 274.6 145.3 52.9 19.2 

ANOVA revealed significant differences in penetration ratio between groups (p < 0.001). 
Moderate lesions demonstrated significantly higher penetration efficiency compared to severe 
lesions. 

3.3. Optical Masking Effect 

Resin infiltration resulted in a significant reduction in color differences (ΔE values) across all 
lesion severities (Table 4). 

Before treatment, severe lesions exhibited the highest ΔE values compared to sound enamel. 
After infiltration, ΔE values decreased significantly in all groups. 
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The greatest optical improvement was observed in the mild and moderate lesion groups, while 
severe lesions showed a lower degree of color recovery. 

Mean ΔE reductions were: 
 Mild group: 72% reduction 
 Moderate group: 69% reduction 
 Severe group: 52% reduction 

Statistical analysis confirmed significant differences between severity groups (p < 0.01). 

Table 4. Color Changes (ΔE) Before and After Resin Infiltration. 

Group Baseline ΔE Post-Demineralization ΔE Post-Infiltration ΔE Percentage Reduction (%) 
Mild WSL 2.3 ± 0.7 14.6 ± 2.4 4.1 ± 1.3 71.9 

Moderate WSL 2.5 ± 0.8 16.2 ± 2.9 5.0 ± 1.5 69.1 
Severe WSL 2.4 ± 0.6 19.8 ± 3.2 9.5 ± 2.6 52.0 

Paired t-tests showed significant ΔE reduction after infiltration in all groups (p < 0.001). ANOVA 
demonstrated significantly lower masking effectiveness in severe lesions (p < 0.01). 

3.4. Surface Microhardness Recovery 

Baseline microhardness values decreased significantly after artificial demineralization in all 
groups, confirming mineral loss. 

Following resin infiltration, microhardness increased significantly compared to post-
demineralization values. 

The greatest microhardness recovery was observed in moderate lesions. 
Mean Vickers hardness values increased (Table 5): 

 From 210 ± 18 HV to 285 ± 20 HV in mild lesions 
 From 180 ± 22 HV to 276 ± 24 HV in moderate lesions 
 From 150 ± 25 HV to 240 ± 27 HV in severe lesions 

Differences between groups were statistically significant (p < 0.05). 

Table 5. Surface Microhardness Values Before and After Treatment. 

Group Sound Enamel 
(HV) 

After Demineralization 
(HV) 

After Infiltration 
(HV) 

Percentage Recovery 
(%) 

Mild WSL 318 ± 22 210 ± 18 285 ± 20 76.5 
Moderate WSL 320 ± 25 180 ± 22 276 ± 24 78.9 

Severe WSL 322 ± 23 150 ± 25 240 ± 27 61.4 
Paired comparisons showed a significant microhardness increase after infiltration (p < 0.001). 

ANOVA indicated significantly lower recovery in severe lesions (p < 0.05). 

3.5. Correlation Analysis (Table 6) 

A significant positive correlation was observed between lesion depth and resin penetration 
depth (r = 0.81, p < 0.001). 

However, a negative correlation was identified between lesion severity and optical masking 
effectiveness (r = −0.67, p < 0.01). 

Microhardness recovery showed moderate positive correlation with penetration depth (r = 0.58, 
p < 0.05). 

Table 6. Pearson Correlation Analysis Between Study Variables. 

Variables Compared Correlation Coefficient (r) p-Value 
Lesion depth vs penetration depth 0.81 <0.001 
Lesion depth vs optical masking −0.67 0.002 

Penetration depth vs microhardness recovery 0.58 0.011 
Penetration ratio vs masking effect 0.62 0.006 
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Figure 1. Scatter plot illustrating the correlation between lesion depth and resin penetration depth in artificial 
orthodontic white spot lesions. A strong positive linear relationship was observed (r2 = 0.806, p < 0.001), 
indicating that increased enamel porosity associated with deeper lesions facilitates greater resin infiltration. 

4. Discussion 

White spot lesions (WSLs) represent one of the most frequent iatrogenic complications 
associated with fixed orthodontic therapy, resulting from prolonged plaque retention, persistent 
acidogenic biofilm activity, and continuous mineral loss within enamel structures 
[1,2,5,7,8,10,12,13,15,17,20,24]. The present study provides new insights into the role of lesion severity 
as a determinant of resin infiltration performance, demonstrating that structural characteristics of 
WSLs critically influence penetration behavior, aesthetic outcomes, and mechanical reinforcement 
[25,26]. 

Artificial WSL models are widely used because they produce reproducible subsurface mineral 
loss, mimic plaque-induced demineralization, and allow standardized lesion depth control [25]. The 
artificial demineralization protocol successfully reproduced subsurface enamel lesions consistent 
with clinically observed orthodontic WSL morphology. Confocal microscopy confirmed the presence 
of an intact superficial enamel layer combined with progressive subsurface mineral depletion, a 
structural pattern considered the hallmark of early enamel caries [27]. 

The progressive increase in lesion depth observed in this study (mean values of approximately 
82 µm, 158 µm, and 274 µm for mild, moderate, and severe lesions, respectively) reflects the well-
established time-dependent nature of enamel demineralization under acidic conditions. Similar 
depth ranges have been reported in experimental studies simulating orthodontic plaque 
accumulation, where prolonged exposure to low pH environments leads to increased enamel 
porosity and deeper mineral loss [25]. 

Clinically, these findings mirror the pathophysiological processes occurring around orthodontic 
brackets, where persistent plaque stagnation zones promote sustained acid production and 
progressive subsurface enamel dissolution [28]. 

One of the most significant findings of this study was the strong positive correlation between 
lesion depth and resin penetration depth (R² = 0.806), confirming that enamel porosity plays a 
fundamental role in infiltration efficiency [29]. 
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However, a key observation emerged when penetration was analyzed relative to lesion depth. 
Moderate lesions exhibited the highest infiltration efficiency, achieving penetration ratios exceeding 
80%, whereas severe lesions demonstrated significantly reduced penetration efficiency despite 
greater absolute penetration depths. This finding suggests that resin infiltration does not depend 
solely on porosity but rather on a complex interaction between lesion microstructure and enamel 
integrity [30]. Moderately demineralized enamel appears to provide an optimal balance between 
capillary permeability and structural support, facilitating effective resin diffusion while maintaining 
sufficient mineral scaffolding for polymer stabilization [30,31]. 

In contrast, advanced lesions showed extensive mineral loss and structural disorganization, 
which may hinder uniform capillary flow and reduce resin retention within deeper enamel zones. 
This phenomenon may also increase polymerization shrinkage stresses and compromise long-term 
stability [31]. 

These results extend previous observations indicating that infiltration success is strongly 
influenced by lesion morphology and reinforce the concept that early and intermediate lesions 
represent the most favorable targets for resin infiltration therapy [11,27,32]. 

Resin infiltration produced significant reductions in ΔE values across all lesion severities, 
confirming its effectiveness in improving enamel aesthetics. The masking effect results from the 
replacement of air-filled enamel pores with resin, thereby reducing light scattering and restoring 
refractive index compatibility with sound enamel [33]. 

However, the present study demonstrated a clear inverse relationship between lesion severity 
and optical improvement [34]. Severe lesions exhibited significantly lower ΔE reductions compared 
to mild and moderate lesions, indicating incomplete aesthetic recovery. 

This limitation can be attributed to the increased depth and heterogeneity of advanced lesions. 
In deep WSLs, incomplete resin penetration leaves residual porous regions capable of scattering light, 
resulting in persistent optical opacity [35]. 

These findings are consistent with clinical studies reporting that resin infiltration achieves 
optimal aesthetic outcomes in early WSLs, whereas advanced lesions may require additional or 
combined therapeutic approaches [2,5,12,32]. 

Surface microhardness measurements confirmed the reinforcing effect of resin infiltration 
within demineralized enamel structures. All lesion groups exhibited significant hardness recovery 
following treatment, reflecting the ability of infiltrant polymers to stabilize weakened enamel 
matrices. 

Notably, the greatest mechanical recovery was observed in moderate lesions, which also 
demonstrated the highest infiltration efficiency. This finding underscores the importance of 
penetration quality rather than penetration depth alone in determining functional reinforcement. 

Although severe lesions showed substantial resin penetration, their microhardness recovery 
remained limited relative to lesion depth. This likely reflects irreversible mineral loss and structural 
disruption that cannot be fully compensated by polymer infiltration. 

From a clinical perspective, these results indicate that infiltration provides both aesthetic and 
mechanical benefits, particularly when applied before advanced structural degradation occurs [13,17, 
20,30,31]. 

The correlation analysis revealed a complex network of relationships among lesion depth, 
penetration behavior, optical masking, and microhardness recovery. While lesion depth strongly 
predicted resin penetration capacity, it demonstrated a negative association with aesthetic outcomes 
and mechanical reinforcement efficiency. 

These findings highlight that infiltration effectiveness depends not only on lesion size but also 
on the preservation of enamel microarchitecture [2,3,13,20,30]. Structural integrity appears to be a 
critical factor determining both functional and aesthetic treatment success. 

This multifactorial interaction between lesion morphology and material behavior provides a 
more comprehensive understanding of infiltration dynamics than previously reported. 
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The present findings have direct implications for clinical orthodontic management of WSLs. The 
results clearly indicate that resin infiltration is most effective when applied during early or 
intermediate stages of lesion development. Delayed treatment of advanced lesions may result in 
reduced aesthetic improvement and limited mechanical reinforcement. Therefore, routine 
monitoring of enamel surfaces during orthodontic therapy and early intervention strategies are 
essential to maximize treatment outcomes. 

Study Limitations and Future Perspectives 

This study was performed under strictly controlled in vitro conditions to ensure reproducible 
lesion formation and standardized resin infiltration. Consequently, important oral biological factors 
such as salivary flow and buffering capacity, pellicle formation, biofilm dynamics, and natural 
demineralization–remineralization cycles were not simulated. No post-infiltration pH cycling or 
artificial aging procedures (e.g., thermocycling or mechanical loading) were applied, as the aim was 
to assess the immediate structural and optical effects of infiltration under stable baseline conditions 
[36]. 

Although artificially induced lesions enabled precise control of lesion depth and mineral loss, 
natural white spot lesions exhibit greater structural heterogeneity that may influence resin diffusion 
and clinical performance [3,5, 13, 17,30]. 

Future research should focus on long-term clinical outcomes, durability of infiltration effects 
under dynamic oral conditions, and the development of combined therapeutic approaches, including 
bioactive infiltrants and adjunctive remineralization strategies for advanced lesions. 

5. Conclusions 

Within the limitations of this in vitro study, lesion severity was found to be a critical determinant 
of resin infiltration effectiveness in orthodontically induced white spot lesions. 

Resin penetration depth increased with lesion severity; however, infiltration efficiency relative 
to lesion depth was greatest in moderately demineralized enamel. Optical masking effectiveness 
decreased significantly in advanced lesions, indicating limited aesthetic improvement in deeply 
demineralized structures. 

Surface microhardness recovery confirmed the reinforcing potential of resin infiltration, 
particularly in early and moderate lesions. 

These findings highlight the importance of early detection and timely management of white spot 
lesions during orthodontic treatment. Resin infiltration should be considered most effective when 
applied at initial or intermediate stages of enamel demineralization, before extensive structural 
breakdown occurs. 

Future research should focus on long-term clinical outcomes and the development of enhanced 
infiltration materials for advanced lesions. 

Funding: This research received no external funding. The study was conducted using institutional resources of 
the George Emil Palade University of Medicine, Pharmacy, Science, and Technology of Târgu Mureș. 

References 

1. Al-Blaihed D, El Meligy O, Baghlaf K, Aljawi RA, Abudawood S. White Spot Lesions in Fixed Orthodontics: 
A Literature Review on Etiology, Prevention, and Treatment. Cureus. 2024 Jul 29;16(7):e65679. doi: 
10.7759/cureus.65679.  

2. Lopes PC, Carvalho T, Gomes ATPC, Veiga N, Blanco L, Correia MJ, Mello-Moura ACV. White spot lesions: 
diagnosis and treatment - a systematic review. BMC Oral Health. 2024 Jan 9;24(1):58. doi: 10.1186/s12903-
023-03720-6. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 February 2026 doi:10.20944/preprints202602.1984.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.1984.v1
http://creativecommons.org/licenses/by/4.0/


 11 of 12 

 

3. Giannini L, Galbiati G, Tartaglia FC, Grecolini ME, Maspero C, Biagi R. Orthodontic Treatment with Fixed 
Appliances Versus Aligners: An Experimental Study of Periodontal Aspects. Dent J (Basel). 2025 Feb 
4;13(2):70. doi: 10.3390/dj13020070. 

4. Kozak U, Lasota A, Chałas R. Changes in Distribution of Dental Biofilm after Insertion of Fixed Orthodontic 
Appliances. J Clin Med. 2021 Nov 29;10(23):5638. doi: 10.3390/jcm10235638. 

5. Hussain U, Wahab A, Kamran MA, et al. Prevalence, Incidence and Risk Factors of White Spot Lesions 
Associated With Orthodontic Treatment - A Systematic Review and Meta-Analysis. Orthod Craniofac Res. 
2025;28(2):379-399. doi:10.1111/ocr.12888. 

6. Chabuk MM, Al-Shamma AM. Surface roughness and microhardness of enamel white spot lesions treated 
with different treatment methods. Heliyon. 2023 Jul 18;9(7):e18283. doi: 10.1016/j.heliyon.2023.e18283. 

7. Lamorgese, M.; Veiga, N.; Correia, M.J.; Gomes, A.T.P.C.; Lopes, S.; Lopes-Rocha, L.; Fidalgo-Pereira, R.; 
Lopes, P.C. White Spot Lesion Treatment Options: A Systematic Review of Different Techniques for 
Masking These Lesions. Gels 2025, 11, 371. https://doi.org/10.3390/gels11050371. 

8. Lazar, L.; Vlasa, A.; Beresescu, L.; Bud, A.; Lazar, A.P.; Matei, L.; Bud, E. White Spot Lesions (WSLs)—Post-
Orthodontic Occurrence, Management and Treatment Alternatives: A Narrative Review. J. Clin. 
Med. 2023, 12, 1908. https://doi.org/10.3390/jcm12051908. 

9. Huang X, Qin D, Ngan P, Cao L, Hua F, He H. White spot lesion-related perception of aesthetics and 
treatment satisfaction among orthodontic patients, orthodontists and other dental specialists. Orthod 
Craniofac Res. 2024;27(4):626-634. doi:10.1111/ocr.12776. 

10. Sonesson M, Twetman S. Prevention of white spot lesions with fluoride varnish during orthodontic 
treatment with fixed appliances: a systematic review. Eur J Orthod. 2023;45(5):485-490. 
doi:10.1093/ejo/cjad013. 

11. Abdelaziz M. Detection, Diagnosis, and Monitoring of Early Caries: The Future of Individualized Dental 
Care. Diagnostics (Basel). 2023 Dec 12;13(24):3649. doi: 10.3390/diagnostics13243649. 

12. Zawawi R, Almosa N. Cariogenic Enamel Demineralization Prevention, Detection, and Management: A 
Literature Review. Eur J Dent. 2026 Feb;20(1):23-33. doi: 10.1055/s-0045-1809179. 

13. Yazarloo S, Arab S, Mirhashemi AH, Gholamrezayi E. Systematic review of preventive and treatment 
measures regarding orthodontically induced white spot lesions. Dent Med Probl. 2023;60(3):527-535. 
doi:10.17219/dmp/140964. 

14. Ludovichetti FS, Stellini E, Zuccon A, Lucchi P, Dessupoiu N, Mazzoleni S, Parcianello RG. Prevention of 
White Spot Lesions Induced by Fixed Orthodontic Therapy: A Literature Review. Dent J (Basel). 2025 Feb 
27;13(3):103. doi: 10.3390/dj13030103.  

15. Prada AM, Potra Cicalău GI, Ciavoi G. A Review of White Spot Lesions: Development and Treatment with 
Resin Infiltration. Dent J (Basel). 2024;12(12):375. Published 2024 Nov 22. doi:10.3390/dj12120375. 

16. Allen DN, Fine CM, Newton MN, Kabani F, Muzzin KB, Reed KM. Resin Infiltration Therapy: A micro-
invasive treatment approach for white spot lesions. J Dent Hyg. 2021;95(6):31-35. 

17. Ibrahim DFA, Venkiteswaran A, Hasmun NN. The Penetration Depth of Resin Infiltration Into Enamel: A 
Systematic Review. J Int Soc Prev Community Dent. 2023;13(3):194-207. Published 2023 Jun 29. 
doi:10.4103/jispcd.JISPCD_36_23. 

18. Mazzitelli C, Josic U, Maravic T, Mancuso E, Goracci C, Cadenaro M, Mazzoni A, Breschi L. An Insight into 
Enamel Resin Infiltrants with Experimental Compositions. Polymers (Basel). 2022 Dec 19;14(24):5553. doi: 
10.3390/polym14245553. PMID: 36559920; PMCID: PMC9782164. 

19. Ling L, Lai T, Chung PT, Malyala R. Shrinkage, Degree of Conversion, Water Sorption and Solubility, and 
Mechanical Properties of Novel One-Shade Universal Composite. Polymers (Basel). 2025 Oct 
11;17(20):2728. doi: 10.3390/polym17202728. 

20. Nizami MZI, Jindarojanakul A, Ma Q, Lee SJ, Sun J. Advances in Bioactive Dental Adhesives for Caries 
Prevention: A State-of-the-Art Review. J Funct Biomater. 2025 Nov 7;16(11):418. doi: 10.3390/jfb16110418.  

21. Prodan D, Moldovan M, Chisnoiu AM, Saroși C, Cuc S, Filip M, Gheorghe GF, Chisnoiu RM, Furtos G, 
Cojocaru I, Delean AG, Cimpean SI. Development of New Experimental Dental Enamel Resin Infiltrants-
Synthesis and Characterization. Materials (Basel). 2022 Jan 21;15(3):803. doi: 10.3390/ma15030803.  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 February 2026 doi:10.20944/preprints202602.1984.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.1984.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 12 

 

22. Rana N, Singh N, Shaila, Thomas AM, Jairath R. A comparative evaluation of penetration depth and surface 
microhardness of Resin Infiltrant, CPP-ACPF and Novamin on enamel demineralization after banding: 
an in vitro study. Biomater Investig Dent. 2021;8(1):64-71. Published 2021 Jun 11. 
doi:10.1080/26415275.2021.1919119. 

23. Ersen MC, Çelik ZC, Oztas M, Sahin M, Tagtekin D, Yanikoglu F. Impact of Demineralization Time on 
Enamel Microhardness Reduction and Lesion Depth: An In Vitro Study. Cureus. 2025;17(2):e79441. 
Published 2025 Feb 22. doi:10.7759/cureus.79441. 

24. Shankarappa S, Burk JT, Subbaiah P, Rao RN, Doddawad VG. White spot lesions in fixed orthodontic 
treatment: Etiology, pathophysiology, diagnosis, treatment, and future research perspectives. J Orthod Sci. 
2024;13:21. Published 2024 May 8. doi:10.4103/jos.jos_205_23. 

25. 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):265-272. 
doi:10.3290/j.jad.a42520. 

26. Salmerón-Valdés EN, Lara-Carrillo E, Medina-Solís CE, Robles-Bermeo NL, Scougall-Vilchis RJ, Casanova-
Rosado JF, Pontigo-Loyola AP, Fernández Barrera MÁ. Tooth demineralization and associated factors in 
patients on fixed orthodontic treatment. Sci Rep. 2016 Nov 2;6:36383. doi: 10.1038/srep36383.  

27. Roberts WE, Mangum JE, Schneider PM. Pathophysiology of Demineralization, Part II: Enamel White 
Spots, Cavitated Caries, and Bone Infection. Curr Osteoporos Rep. 2022 Feb;20(1):106-119. doi: 
10.1007/s11914-022-00723-0. 

28. Manoharan V, Arun Kumar S, Arumugam SB, Anand V, Krishnamoorthy S, Methippara JJ. Is Resin 
Infiltration a Microinvasive Approach to White Lesions of Calcified Tooth Structures?: A Systemic Review. 
Int J Clin Pediatr Dent. 2019 Jan-Feb;12(1):53-58. doi: 10.5005/jp-journals-10005-1579.  

29. Casaña-Ruiz MD, Velló-Ribes MA, Catalá-Pizarro M. Predictors of Clinical Success in Resin Infiltration for 
MIH Opacities. J Clin Med. 2025 Dec 24;15(1):124. doi: 10.3390/jcm15010124. PMID: 41517372; PMCID: 
PMC12786516. 

30. Soveral M, Machado V, Botelho J, Mendes JJ, Manso C. Effect of Resin Infiltration on Enamel: A Systematic 
Review and Meta-Analysis. J Funct Biomater. 2021 Aug 16;12(3):48. doi: 10.3390/jfb12030048.  

31. Fu Y, Nudelman F, Zhang Y, Li KC, Ekambaram M, Cooper PR, Mei ML. Advanced Laboratory 
Assessments in Caries Mineralization Research: A Review. J Dent Res. 2025 Nov;104(12):1304-1313. doi: 
10.1177/00220345251356472.  

32. Park H, Hong S, Chrzan B, Al-Talib T, Abubakr NH. Resin infiltration for white spot lesions: An in vitro 
experimental trial. J Orthod. 2025;52(1):72-81. doi:10.1177/14653125241244806. 

33. Albar N, Basheer SN, Moaleem MMA, Ageel S, Abbas R, Hakami R, Daghrery A, Sawady M, Peeran SW, 
Vinothkumar TS, Zidane B. Color Masking Ability of Guided Enamel Regeneration with a Novel Self-
Assembling Peptide and Resin Infiltration on Artificial Enamel Lesions Under Various Challenges: An In 
Vitro Spectrophotometric Analysis. Biomimetics (Basel). 2024 Dec 16;9(12):764. doi: 
10.3390/biomimetics9120764. 

34. Jones RS, Fried D. Remineralization of enamel caries can decrease optical reflectivity. J Dent Res. 2006 
Sep;85(9):804-8. doi: 10.1177/154405910608500905.  

35. Min JH, Inaba D, Kwon HK, Chung JH, Kim BI. Evaluation of penetration effect of resin infiltrant using 
optical coherence tomography. J Dent. 2015;43(6):720-725. doi:10.1016/j.jdent.2015.03.006. 

36. Gornig DC, Maletz R, Ottl P, Warkentin M. Influence of artificial aging: mechanical and physicochemical 
properties of dental composites under static and dynamic compression. Clin Oral Investig. 2022 
Feb;26(2):1491-1504. doi: 10.1007/s00784-021-04122-0. Epub 2021 Aug 28. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 February 2026 doi:10.20944/preprints202602.1984.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.1984.v1
http://creativecommons.org/licenses/by/4.0/

