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White spot lesions (WSLs) are an early sign of enamel demineralization, requiring effective non-invasive treatments to restore esthetics and 
prevent progression. This study aimed to evaluate the effectiveness of fluoride varnish (GC MI Varnish) and resin infiltration (Icon Vestibular) 
in terms of esthetic improvement, remineralization, and sensitivity reduction. The study is primarily addressed to general dental practitioners, 
pediatric dentists, orthodontists, and restorative specialists who routinely encounter white spot lesions (WSLs) in both adolescent and adult 
patients. It is also relevant to dental researchers and students interested in minimally invasive treatment strategies and advancements in 
enamel remineralization. A total of 47 patients with non-cavitated WSLs were randomly assigned to two treatment groups:  Fluoride Group 
(n = 24) received topical fluoride varnish applications and Icon Group (n = 23) underwent resin infiltration treatment. Statistical analysis was 
performed using an independent t-test (p < 0.05). The Icon Group showed an immediate reduction in white spot visibility (p < 0.01), while 
the Fluoride Group demonstrated gradual esthetic improvement over three months (p < 0.05). Fluoride varnish significantly enhanced enamel 
remineralization and reduced dentinal hypersensitivity (p < 0.05), whereas resin infiltration primarily stabilized lesion progression without direct 
remineralization. Both fluoride varnish and resin infiltration are effective non-invasive treatments for WSLs, but their benefits differ. Resin infiltra-
tion offers immediate esthetic improvement, while fluoride varnish promotes long-term remineralization and sensitivity reduction.
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Introduction 
Dental white spot lesions (WSLs) mark the early stage of 
caries, appearing as white or dark enamel discolorations 
due to an imbalance in demineralization and reminerali-
zation. This weakens dental structure and, if untreated, 
can lead to cavitated caries requiring invasive treatment. 
WSLs result from mineral loss due to bacterial acid expo-
sure but can be reversed if the organic matrix remains in-
tact and remineralization conditions are met. Despite their 
prevalence, no standardized treatment protocol exists, with 
strategies varying widely in the literature [1,2].

White spots can also result from dental fluorosis, caused 
by excessive fluoride intake during tooth development, 
leading to streaks or spots that, while structurally strong, 
may be an aesthetic concern. Enamel hypoplasia, due to 
factors like poor nutrition, premature birth, or childhood 
illness, results in weak enamel prone to damage [3]. Oth-
er causes include acidic foods, dry mouth, and genetics, 
which impact enamel strength. Prevention and treatment 
focus on good oral hygiene and remineralization rather 
than just aesthetic masking [4]. Traditional treatments use 
fluoride applications to promote calcium and phosphate 

deposition, while newer biomimetic strategies incorporate 
bioactive glass, nanohydroxyapatite, and peptides into ad-
hesives, pastes, and topical solutions [5,6].

Remineralization occurs through two main mecha-
nisms: endogenous remineralization, which relies on sys-
temic mineral intake from a nutrient-rich diet (dairy, sea-
food, proteins, vegetables) as natural sources of calcium, 
fluoride, and phosphorus, and exogenous remineraliza-
tion, involving direct application of remineralizing agents 
like fluoride varnishes, specialized toothpastes, and bioac-
tive solutions [7,8]. Professional oral hygiene, including 
plaque and calculus removal, enhances treatment efficacy. 
If untreated, WSLs can progress to deep carious lesions, af-
fecting dentin and potentially reaching the pulp, leading to 
pulpitis, pain, and endodontic treatment, with severe cases 
resulting in periodontitis, abscesses, or tooth loss [9,10].

This study evaluates the non-invasive strategies for the 
management of dental white spot lesions, with a particular 
focus on the use of Icon vestibular material, a resin infiltra-
tion technique designed to arrest lesion progression while 
preserving tooth structure. By examining its efficacy in 
comparison to conventional remineralization approaches 
with fluoride materials, this research seeks to contribute to 
the development of standardized, evidence-based protocols 
for WSL management.
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Thus, the study aims to compare the effectiveness of two 
non-invasive treatment modalities for managing WSLs, 
evaluating their impact on esthetic improvement, remin-
eralization, and long-term stability.

Materials and Methods
The study was conducted starting October 2023 to De-
cember 2024 and followed a clinical assessment and treat-
ment, evaluating the efficacy of two different non-invasive 
remineralization strategies for managing dental WSLs us-
ing flour-based varnish (GC MI Varnish Intro Pack) and 
resin infiltration material (Icon Vestibular).  

We address 67 patients who were referred to the Odon-
tology Clinic from Integrated Center of Dental Medicine 
Faculty from Târgu-Mureș, Romania due to their dental 
sensitivity or dental color modifications or discoloration.  
All patients were explained the work protocol and asked 
to sign the consent to participate in the study, so this was 
added as an inclusion criteria.

The inclusion criteria were: 1) patients with ages at least 
12 years old or older with fully erupted permanent teeth; 
2) patients with non-cavitated, active WSLs on the buccal 
surfaces of anterior teeth; 3) patients free from active car-
ies, restorations on the affected teeth, periodontal disease, 
and genetic disorders; 4) patients who provide written in-
formed consent and be available for all scheduled follow-
up evaluations.

Patients who met the inclusion criteria and agreed in 
participating to the study by signing the informed con-
sent were divided into two groups, each receiving a dis-
tinct treatment protocol: 1st group (fluoride group) the 
patients received topical fluoride varnish applications and 
the 2nd group (Icon group) the patients who underwent 
resin infiltration treatment using Icon Vestibular to arrest 
lesion progression. Each treatment was applied according 
to manufacturer guidelines and industry standards, both 
materials were used accordingly after a professional dental 
brushing and rubber damn isolation. The effectiveness of 
each treatment and color stability was assessed in the treat-
ment sessions and also compared after 3 months.

The comparative evaluation of the patients in both 
groups — fluoride varnish group and Icon resin infil-
tration group — was conducted by a calibrated team of 
three experienced clinicians from the Odontology Depart-
ment, each with at least five years of clinical experience in 
managing enamel lesions. Prior to the study, the evalua-
tors underwent standardized calibration sessions to ensure 
consistency in lesion assessment and treatment evaluation 
using clinical photographs as reference. The assessments 
were carried out under controlled clinical conditions, with 
each patient seated in a dental unit equipped with stand-
ard overhead LED lighting to ensure optimal visibility. 
Visual inspection of the WSLs was performed using dental 
loupes with ×2.5 magnification, and clinical photographs 
were taken before treatment, immediately after, and at the 
three-month follow-up.

The varnish used for this study was GC MI Varnish In-
tro Pack from GCR which is a fluoride varnish that contains 
Recaldent™ (Casein Phosphopeptide-Amorphous Calcium 
Phosphate, CPP-ACP) that enhances enamel remineraliza-
tion. It is a bioactive material designed to deliver fluoride, cal-
cium, and phosphate directly to the tooth surface, promoting 
the repair of demineralized enamel and it is used in the man-
agement of WSLs, the prevention of dental caries in high-risk 
patients and the treatment of dentin hypersensitivity.

The resin used for group 2 was Icon Vestibular, a low-
viscosity, light-cured resin infiltration material designed for 
the non-invasive treatment of WSLs on the buccal surfaces 
of teeth. It works by penetrating and sealing the porous 
enamel structure, preventing further demineralization and 
improving esthetics. Icon Vestibular is ideal for treating 
post-orthodontic white spot lesions, early non-cavitated 
caries, mild fluorosis, and localized enamel hypominerali-
sation, providing an esthetic and minimally invasive solu-
tion, but it is not suitable for cavitated lesions, deep caries, 
severe fluorosis, or severe enamel hypoplasia where more 
intensive restorative treatments are required. Both Icon 
Vestibular and GC MI Varnish are non-invasive treatments 
used to manage WSLs, but they differ significantly in their 
mechanism of action, composition, and long-term effects. 

For the data analysis an independent t-test was used to 
compare the related measurements from two groups to de-
termine whether there is a significant difference between 
them (a value of p < 0.05 shows significant difference).

This study presents several limitations that must be ac-
knowledged. Firstly, the relatively short follow-up period 
of three months does not allow for a comprehensive evalu-
ation of the long-term stability and recurrence of white 
spot lesions (WSLs) post-treatment. Additionally, external 
factors such as patient diet, saliva composition, and oral 
hygiene habits were not strictly controlled, which may 
have influenced the remineralization outcomes.

Results
Out of the initial 67 patients, only 47 met the inclusion 
criteria, while 20 patients were excluded due to factors out-
side the study parameters. Among the included patients, 
the distribution of WSL etiology was as follows: 20 patients 
(42.5%) had WSLs due to poor oral hygiene, experiencing 
sensitivity to terminal stimuli; 7 patients (14.9%) devel-
oped WSLs post-orthodontic treatment and 20 patients 
(42.5%) had WSLs following in-office bleaching treat-
ments, also reporting dental sensitivity as Figure 1 shows. 

These 47 patients were then randomly assigned into the 
two treatment groups: 

 – Fluoride Group (n = 24): received topical fluoride 
varnish applications (GC MI Varnish).

 – Icon Group (n = 23): underwent resin infiltration 
treatment using Icon Vestibular. 

Form all the clinical cases included in the study and as-
sessed we obtained the following data regarding the most 
frequently affected teeth by WSLs (Figure 2).
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The results regarding the effectiveness of the treatment 
with both types of materials can be seen in the following 
Table I and Figure 3.

We present a clinical case of a 12-year-old boy diagnosed 
with white spot lesions (WSLs) due to poor hygiene and 
oral respiration, a condition that contributed to enamel 

Fig. 1. Distribution of WSL Etiology

Fig. 2. Distribution of most affected teeth by WSLs

Table I. Treatment results comparison between both types of materials

Assessment Criteria Group Findings

Aesthetic Improvement Icon Group Immediate and significant reduction in white spot visibility (p < 0.01), with a blending effect into surrounding enamel.

Aesthetic Improvement Fluoride Group Progressive aesthetic improvement over three months, moderate lesion masking (p < 0.05).

WSLs Remineralization Fluoride Group Progressive remineralization with significant enamel improvement at three months (p < 0.05).

WSLs Remineralization Icon Group Stabilization of lesion progression, preventing further demineralization but with limited direct remineralization.

Sensitivity Reduction Fluoride Group Notable reduction in dentinal hypersensitivity by the third month (p < 0.05).

Sensitivity Reduction Icon Group No significant change in sensitivity; resin infiltration acts as a physical sealant without active remineralization properties.

Fig. 3. Graphic representation of the results regarding the effectiveness of both types of materials
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demineralization and compromised dental aesthetics. To 
illustrate the progression and treatment outcome, three se-
quential images will be included, documenting the initial 
presentation of WSLs, the application of fluoride varnish 
treatment, and the final post-treatment result. The thera-
peutic approach focused on remineralization using fluoride 
varnish, aiming to enhance enamel integrity and reduce 
lesion visibility (Figure 4).

We present the clinical case of a 26-year-old woman 
who developed (WSLs) as a result of orthodontic treat-
ment, a common side effect caused by prolonged plaque 
accumulation around brackets. To demonstrate the treat-
ment process, sequential images will be presented, showing 
the initial condition of the WSLs and the post-treatment 
outcome using Icon kit (Figure 5).

Discussions
Despite all limitations, the study offers significant original-
ity. To our knowledge, it is among the few clinical stud-

ies that directly compare the effects of fluoride varnish 
(GC MI Varnish) and resin infiltration (Icon Vestibular) 
on WSLs with a specific focus on esthetic improvement, 
sensitivity reduction, and remineralization potential. Fur-
thermore, the study highlights WSLs of varying etiology, 
including post-orthodontic, post-bleaching, and hygiene-
related cases, providing a more comprehensive overview of 
treatment outcomes in real clinical scenarios. The inclusion 
of clinical case documentation and the analysis of esthetic 
and functional outcomes contribute to the development 
of evidence-based protocols for the non-invasive manage-
ment of WSLs in contemporary dental practice.

The results of this study demonstrate the effectiveness 
of two non-invasive treatments for managing WSLs: fluo-
ride varnish (GC MI Varnish) and resin infiltration (Icon 
Vestibular). Both materials contributed to lesion stabiliza-
tion and esthetic improvement, but their mechanisms of 
action, immediate effects, and long-term benefits differed 
significantly. The impact of this study lies in its practical, 

Fig. 4. (1) WSL on central incisor (2) Treatment result using varnish (3) 3 months recall

Fig. 5. (1,2,3) WSLs on canine as a result of orthodontic treatment (4) Aesthetic aspect after Icon treatment 
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side-by-side comparison of two non-invasive treatment 
modalities — fluoride varnish and resin infiltration — 
with clearly defined protocols and clinical outcomes. By 
focusing on esthetic improvement, sensitivity reduction, 
and remineralization potential, this study offers clinicians 
evidence-based guidance for selecting the appropriate 
treatment based on individual case needs.

The Icon Group showed an immediate and statisti-
cally significant improvement in the visibility of WSLs 
(p < 0.01), indicating its superiority in aesthetic correc-
tion. This aligns with previous studies that support resin 
infiltration as an effective approach for reducing lesion 
opacity and improving enamel translucency [8,11]. How-
ever, while Icon Vestibular effectively sealed the lesion and 
prevented further demineralization, its ability to promote 
enamel remineralization was limited. 

In contrast, the Fluoride Group exhibited progres-
sive remineralization over time, with significant enamel 
improvement observed at three months (p < 0.05). This 
confirms the well-documented role of fluoride in enhanc-
ing mineral uptake and restoring enamel [9,12]. When 
comparing treatment longevity, resin infiltration provided 
a lasting esthetic improvement, as it integrates with the 
enamel structure, making WSLs less visible long-term. 
However, fluoride varnish required repeated applications 
to maintain its remineralizing benefits, emphasizing the 
need for ongoing patient compliance and routine dental 
visits. The findings align with previous reports highlight-
ing fluoride’s role in long-term enamel protection, while 
resin infiltration offers instant esthetic correction but lacks 
continuous mineral restoration [13,14].

The clinical cases included in this study serve as repre-
sentative examples of the therapeutic efficacy of non-inva-
sive treatments for WSLs and allow for a more contextual-
ized comparison of the two methods used. The first case, 
involving a 12-year-old patient with WSLs caused by poor 
oral hygiene and oral respiration, exemplifies the gradual 
but effective action of fluoride varnish in promoting rem-
ineralization. Over a period of three months, the patient 
exhibited significant improvement in enamel structure and 
a visible reduction in lesion opacity. These findings are con-
sistent with literature reports highlighting the role of fluo-
ride and varnishes in enhancing the uptake of calcium and 
phosphate ions and facilitating the natural repair of subsur-
face enamel lesions, same scientific contribution offered by 
Fleming et al. 2023 and Kumar et al., 2023 [15,16].

Conversely, the second case involving a 26-year-old pa-
tient with post-orthodontic WSLs demonstrated the im-
mediate esthetic impact of resin infiltration using Icon 
Vestibular. The procedure significantly masked the le-
sions, restoring the visual integrity of the enamel in a sin-
gle session. This result supports findings from Knösel et 
al. (2020), who reported that resin infiltration provides an 
effective and durable esthetic solution for orthodontic-in-
duced WSLs, despite offering limited remineralizing prop-
erties [6, 17]. 

Thus, the integration of these clinical outcomes with ex-
isting literature reinforces the importance of individualized 
treatment planning. The clinician must evaluate not only 
the origin and severity of the WSLs, but also the patient’s 
age, esthetic expectations, and risk of lesion progression in 
selecting the most appropriate therapy. This tailored ap-
proach aligns with the current shift in dentistry toward 
minimally invasive and patient-centered interventions.

WSLs are particularly prevalent during and after ortho-
dontic treatment, representing one of the most common 
iatrogenic complications associated with fixed appliances. 
The brackets and wires used in orthodontics create ad-
ditional retention sites for plaque accumulation, making 
effective oral hygiene more difficult. This leads to pro-
longed exposure of enamel surfaces to demineralizing ac-
ids, especially in the cervical areas surrounding brackets. 
Clinically, post-orthodontic WSLs pose a significant aes-
thetic concern, particularly in the anterior region, where 
they are highly visible and can compromise the final out-
come of orthodontic therapy. Moreover, their presence 
may reduce patient satisfaction despite the correction of 
malocclusion, highlighting the importance of preventive 
and minimally invasive management. Early detection and 
treatment of WSLs in orthodontic patients are crucial to 
prevent progression to cavitated lesions, to avoid more in-
vasive restorative procedures, and to maintain the integrity 
of the newly aligned dentition. In this context, treatments 
like resin infiltration (Icon) offer a valuable solution due 
to their ability to camouflage lesions and halt progression 
without additional enamel loss.

Despite these positive outcomes, some limitations 
should be acknowledged. First, the study’s follow-up pe-
riod was limited to three months, preventing a full assess-
ment of long-term treatment durability [18]. Additionally, 
external factors such as diet, oral hygiene, and individual 
enamel composition could influence remineralization 
outcomes, warranting further investigation. Future stud-
ies should explore long-term comparisons between these 
treatments and evaluate combination therapies to maxi-
mize both esthetic and remineralization benefits [19,20].

Overall, this study reinforces the importance of tailoring 
WSL management strategies to individual patient needs. 
Icon Vestibular is preferable for patients prioritizing im-
mediate esthetic correction, while fluoride varnish remains 
the gold standard for remineralization and hypersensitivity 
reduction. A combination approach may provide optimal 
clinical outcomes, ensuring both long-term enamel health 
and improved aesthetics [21].

Conclusion
Icon Vestibular provides immediate esthetic improvement 
by masking white spots, making it ideal for post-orthodon-
tic lesions and mild fluorosis. In contrast, GC MI Varnish 
offers gradual esthetic enhancement through progressive 
remineralization, better suited for long-term management 
rather than instant correction. Fluoride varnish is more ef-
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fective for reducing sensitivity, as it delivers fluoride, calci-
um, and phosphate to strengthen enamel and seal dentinal 
tubules. Icon Vestibular, while stabilizing lesions, does not 
provide significant desensitization, making GC MI Var-
nish the better option for sensitive teeth.
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