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White spot lesions (WSLs) often develop after fixed orthodontic treatment. They appear as milky white spots on teeth 

due to enamel demineralization. These lesions are a common aesthetic concern, affecting 45.8% to 97% of orthodontic 

patients [1]. Today, dentistry focuses on non-invasive remineralization therapies to treat WSLs and prevent their 

progression. 

Treatment Philosophy and Sequential Approach 

WSL treatment should start with the least invasive and most preventive methods. The first step is to prevent and 

remineralize demineralized enamel. If this does not work, more invasive options, such as resin infiltration, may be 

needed. Fluoride-based agents are still the gold standard for remineralization and help reduce WSLs [2,3]. 

Remineralization Therapies 

Fluoride-Based Treatments 

When teeth are exposed to fluoride, hydroxyapatite crystals on the enamel surface lose OH− ions and gain F− ions, 

forming fluorapatite. This new mineral is more resistant to acid breakdown, and even small amounts of fluoride can 

trigger this process [4]. 

Fluoridated Dentifrices 

Toothpaste should have at least 1000 ppm fluoride. High-risk patients may use toothpaste containing 5000 ppm fluoride 

twice daily, but this is not recommended for those under 16 [5]. Still, fluoride toothpaste alone often does not prevent 

WSLs in orthodontic patients, so extra fluoride sources are needed. 

Fluoride Varnishes 

Professionally applying 5% sodium fluoride varnish (22,600 ppm) is very effective. These varnishes stay on the enamel 

longer, helping prevent rapid fluoride loss [6]. Research shows that using fluoride varnish during orthodontic treatment 

greatly reduces enamel demineralization. It is recommended to apply the varnish every 6 weeks to 6 months, depending 

on the patient's risk [7]. 

Fluoridated Mouthwashes 

Using mouthwash containing 0.05% or 0.2% sodium fluoride daily can significantly reduce the risk of cavities around 

orthodontic appliances [8]. Adding antibacterial agents like chlorhexidine, triclosan, or zinc to these mouthwashes can 

further improve caries control [9]. 
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Light-Curable Fluoride Varnish 

Resin-modified glass ionomer (RMGI) varnishes, such as Vanish™ XT, provide targeted protection by slowly releasing 

fluoride. They stick well to teeth, hold fluoride, and can also release calcium and phosphate [10]. Light-curable RMGI 

varnishes work better than traditional fluoride varnishes at preventing enamel demineralization [11]. 

Casein Phosphopeptide-Amorphous Calcium Phosphate (CPP-ACP) 

CPP-ACP is a bioactive milk-derived medium that maintains the biofilm supersaturated with calcium and phosphate 

ions, encouraging remineralization. CPP serves as a vehicle for calcium and phosphate ions, facilitating remineralization 

[12]. When combined with fluoride, CPP-ACP can boost remineralization effects [13]. 

Research demonstrates that combined use of CPP-ACP plus fluoride toothpaste is more effective than fluoride toothpaste 

alone, particularly after 3 months of treatment [14]. CPP-ACP products, such as GC Tooth Mousse and MI Paste Plus, 

are marketed as creams for application to tooth surfaces twice daily after brushing. Clinical studies show that daily 

application of CPP-ACP-containing cream is more effective than fluoride toothpaste in reversing the severity and visual 

appearance of post-orthodontic WSLs [15]. 

Bioactive Glass (BAG) 

When bioactive glass comes into contact with saliva, it releases sodium, calcium, and phosphorus ions that help 

remineralize teeth [16]. These ions create a layer of hydroxycarbonate apatite on the tooth surface. BAG quickly bonds 

with teeth and helps form apatite [17]. Composite resins with BAG can also buffer acids and produce tooth-like 

hydroxyapatite crystals [18]. 

Nanohydroxyapatite (nano-HAP) 

Nano-hydroxyapatite (nano-HAP) is a highly biocompatible and active dental material. It protects teeth by forming a 

synthetic enamel-like layer [19]. Research shows that toothpastes and mouthwashes with nano-HAP can remineralize 

artificial lesions. Hydroxyapatite is considered a new biomimetic system that integrates into the enamel structure [20]. 

Self-Assembling Peptides (P11-4) 

Self-assembling peptide P11-4 is a biomimetic method for regenerating enamel, moving dentistry from repair to true 

regeneration. When applied, it forms fibrils and fibres that create a 3D matrix [21]. This allows saliva to drive 

remineralization and the formation of new hydroxyapatite. Reviews show P11-4 works better than many other agents, 

but more long-term studies are needed [22]. 

Advanced Treatment Modalities 

Laser Application 

Lasers may help prevent dental caries by heating the enamel, altering its structure and making it more resistant to decay. 

Different types of lasers, such as argon, CO2, Er: YAG, Er:Cr:YSGG, and Nd: YAG, have been studied [23]. Laser 

treatment increases enamel hardness and acid resistance by creating small spaces that trap ions for remineralization. 

Using an erbium laser with fluoride is more effective at reducing enamel solubility than fluoride alone [24]. 

Tooth Bleaching 

Bleaching can mask WSLs by reducing the color difference between affected and healthy enamel. Research shows that 

using 10% carbamide peroxide can cover WSLs without harming enamel [25]. Adding biomaterials like nano-

amorphous calcium phosphate, nano-BAG, and nano-hydroxyapatite to bleaching products may reduce side effects. This 

method is best for patients with good oral hygiene when natural remineralization alone is insufficient [26]. 
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Microabrasion 

Microabrasion improves the appearance of teeth by removing the outer damaged enamel layer. It uses hydrochloric acid 

and silicon carbide microparticles to erode and polish the enamel [27]. This makes the enamel smoother and shinier. 

Studies show the results last well for at least 12 months [28]. 

Microabrasion is effective for post-orthodontic WSLs when lesions are shallow, and sometimes bleaching is needed as 

an additional step. While it is safe and conservative, it can make the enamel surface rougher and slightly less hard. 

Resin Infiltration 

Resin infiltration fills small, porous enamel lesions with a thin, light-cured resin to prevent them from worsening. 

Besides preventing caries, this method also hides WSLs because the resin has a refractive index similar to that of healthy 

enamel [29]. 

The process starts by conditioning the enamel surface with hydrochloric acid, followed by the application of a thin 

dimethacrylate resin [30]. This strengthens the enamel and reduces its porosity. Recent studies show that resin infiltration 

provides better, longer-lasting cosmetic results than microabrasion [31]. 

Comparative Efficacy of Treatment Modalities 

Research comparing treatment approaches demonstrates important differences in efficacy [14,31]. Mild and severe 

WSLs differ significantly in the degree of mineralization, with severe lesions exhibiting greater demineralization even 

after treatment. 

Fluoride toothpaste alone is not very effective, but using it with fluoride varnish or CPP-ACP is more effective for 

remineralization. Both combinations work similarly after one month, but CPP-ACP combinations show better results 

after three months [14,15]. 

Research shows that once WSLs appear, additional remineralizing treatments are needed, as fluoride toothpaste alone 

cannot prevent them from worsening during orthodontic treatment. Using CPP-ACP with fluoride delivers calcium, 

phosphate, and fluoride ions more often, leading to better remineralization [15]. 

Post-Orthodontic Treatment Timeline 

After braces are removed, saliva and brushing help WSLs fade over time. The extent of improvement depends on the 

severity of the lesions, and most changes occur within 6 months, though they may not disappear completely. It is usually 

best to wait about six months before starting invasive treatments to give natural remineralization a chance [32]. 

Prevention and Management Strategy 

Management of WSLs requires a multifactorial approach that emphasizes the prevention of demineralization and biofilm 

formation. The most important strategy begins with patient education, motivation, a non-cariogenic diet, and 

maintenance of oral hygiene. Mechanical plaque control through brushing at least twice daily with fluoride-containing 

toothpaste remains fundamental. 

Frequent recall visits are crucial, particularly during the first 6 months of orthodontic treatment when WSL risk is 

highest. During recall visits, oral hygiene instructions should be reinforced, and professional cleaning should be 

performed. Professional prophylaxis, performed two or three times annually, helps reduce caries risk [33]. 

Chlorhexidine as Adjunct Therapy 

Chlorhexidine (CHX) is an antiseptic effective against bacteria, fungi, and viruses associated with oral disease. It is 

available as mouthwash, gel, chips, toothpaste, coated brushes, and floss [34]. Combining antibacterial therapy with 

fluoride during orthodontic treatment may exert a protective effect [9]. 
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However, even though CHX reduces plaque, systematic reviews show it does not lower the rate of cavities much. Its 

main drawback is tooth staining, and it can also cause changes in taste, dry mouth, and a burning feeling [35]. 

Clinical Implications  

It is important to diagnose WSLs early, which can be done by checking tooth surfaces after drying them with air for five 

seconds. Once WSLs are identified, additional remineralization treatments should be initiated, as fluoride toothpaste 

alone is not sufficient. 

Even with improved orthodontic materials and methods, demineralization around brackets remains common. Preventive 

treatments cannot compensate for poor patient compliance and inadequate home care, as poor oral hygiene reduces 

treatment success. More long-term studies are needed to see how well different treatments for post-orthodontic WSLs 

last and work. 

Evidence-Based Recommendations 

Current evidence indicates that fluoride-based prevention is the most effective way to manage WSLs and should be 

started early to help remineralization [3]. CPP-ACP products offer extra benefits, especially when used with fluoride 

[14,15]. If remineralization is insufficient, minimally invasive methods such as resin infiltration can yield excellent 

cosmetic results [31]. 

Conclusion 

Treatment of white spot lesions requires a comprehensive, stepwise approach beginning with prevention through patient 

education and oral hygiene maintenance, followed by remineralization therapies using fluoride products and calcium 

phosphate materials, and finally minimally invasive techniques such as resin infiltration or microabrasion when 

conservative approaches fail. The goal of modern dentistry is to manage non-cavitated lesions through remineralization 

while preserving enamel structure and aesthetics. 
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