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Introduction : 

The earliest clinical sign of the dental 

caries process manifestes as a white chalky 

lesion on the enamel surface, that could be 

observed with the naked eye and intensifies  

 

 

 

 

 

 

 

 

 

 

when the tooth is carefully dried. This 

condition is known as Enamel White Spot 

Lesion (EWSL). Its pathogenesis may be 

various. The main cause is related to a 
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Abstract 

Enamel White Spot Lesions (EWSLs) are a common dental 

condition characterized by being opaque or chalky white in 

appearance. In this review, an overview of the etiology, 

prevention, and treatment techniques for EWSLs is presented. 

Enamel demineralization caused by bacteria in dental plaque 

which releases acids upon the consumption of fermentable 

carbohydrates causing mineral loss is thought to be the main 

cause of those lesions, which could be predisposed through 

orthodontic treatment, poor diet, inadequate oral hygiene and 

certain medical conditions. So, sustaining an adequate 

carbohydrate consumption, proper fluoride exposure and 

good oral hygiene are some of the practices which aid in these 

lesions’ prevention. Although the success or failure of 

treatment of EWSLs depends on patient cooperation, depth of 

the lesion and lesion severity, treatment of those EWSLs 

should begin with the most conservative approach like 

remineralization and if failed then more invasive 

microabrasion, infiltration and maybe even restoration 

treatment strategies can be pursued. Further research is still 

needed in the prevention and treatment strategies. 
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prolonged plaque accumulation; moreover, 

many other factors as diet and levels of 

calcium, phosphate, bicarbonate, fluoride in 

saliva as well as genetic factors are 

reported (1). 

Enamel White Spot Lesions occur when the 

organic acids produced by the pathogenic 

bacteria have leached out a certain amount 

of calcium and phosphate ions. These ions 

may or may not be compensated by the 

natural remineralization process. After only 

one week of undisturbed biofilm formation, 

studies have shown a slight increase in 

enamel porosity, and the tissue beneath the 

porous outer microsurface was more porous 

than the microsurface itself. This so-called 

subsurface demineralization became more 

obvious at weeks 2, 3, and 4, and the 

classic histological zones of the white-spot 

lesion in polarized light could be  

identified (2).  Lesions that are still present 

after 6 months are likely to remain without 

any further size reduction, becoming an 

esthetic concern for young patients. 

Compared to sound enamel, EWSLs are 

clinically observed on the labial surface of 

anterior teeth. In posterior teeth EWSLs 

develop in the interproximal contact area as 

incipient class II lesions (3). 

In general, treatment of EWSLs should 

begin with the most conservative approach. 

If such approaches do not resolve the 

problem, then more aggressive treatment 

modalities can be pursued if the patient 

desires (4). Successful treatment of those 

lesions requires a good diagnostic plan, 

which could be assisted with proper 

visualization, x-rays, transillumination, and 

photographs (5, 6) . 

Microabrasion is a form of treatment used 

to treat EWSLs which could improve teeth 

aesthetic by eliminating the outer defective 

enamel layer. This invasive technique 

involves hydrochloric acid and silicon 

carbide microparticles to remove 

superficial parts of the lesion (7, 8). 

Another way of treating EWSLs is through 

the use bioactive glass particulates, its 

active ingredient, inorganic calcium sodium 

phosphocilicates when comes in contact 

with saliva or any aqueous media, binds to 

the tooth surface in order to initiate the 

remineralization process on the tooth 

enamel (9).  

Recently, a noninvasive alternative 

treatment was proposed, based on caries 

infiltration with a hydrophobic resin, which 

has a refractive index close to that of sound 

enamel, therefore masking the white spot 

by infiltrating the porous enamel. This 

treatment has also been proposed to inhibit 

demineralization because the diffusion 

pathways for cariogenic acids are blocked, 

therefore sealing the white spot lesions. 

The infiltrant resin is a product that allows 

for the treatment of carious lesions in early 

stages without invasive measures (10). 

Methods\Search Strategy 

Google scholar and pubMed database were 

the websites used in the comprehensive 

electronic search which have assisted the 

reference gathering of this review article 

together with a manual search of the 

needed references. The accredited 

keywords used were: bioactive glass, 

microabrasion, resin infiltration and white 

spot lesion, which were utilized in the 

manuscript gathering process. Excluded 

articles included the following: unrelated 

articles, articles not published in high 

ranked journals, social media, personal 

assumptions and points of view. This 

article included 48 references. 

Classification of Enamel White Spot 

Lesions 

There are two main types of enamel white 

lesions which are: fluorosis which is a not 

well defined, smooth, non-carious, and 

shiny  form of white lesions with a 

symmetrical distribution throughout teeth 

Fig.(1-A) , while the other type of enamel 

lesions are the well-defined carious 

EWSLs, known to be rough and porous 

with an opaque discoloration and a random 

distribution throughout the oral cavity 

Fig.(1-B) (1, 4). 
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Etiology of Enamel White Spot Lesions 

A combination of factors could contribute 

to the development of EWSLs. The main 

etiological factors include: 

1. Dental Plaque: Improper oral 

hygiene practices can lead to 

plaque accumulation on the tooth 

surfaces, bacteria in dental plaque 

(Streptococcus mutans) 

metabolizes fermentable 

carbohydrates consumed through 

diet, releasing acids as byproducts, 

this acid production causes a pH 

drop in the oral cavity then 

minerals will be leached out from 

the enamel surface (calcium and 

phosphate mainly) leading up to 

the development of WSLs (6).  

2. Traumatic hypo mineralization: 

any traumatic incidents during pre, 

peri or post-natal conditions, could 

lead to hypo mineralization during 

tooth development, which could be 

the cause of EWSLs (11).  

3. Natural EWSLs: less than 0.5 mm 

isolated lesions could be found 

naturally on the labial surfaces of 

incisors (11).  

4. Fluoride Exposure: Inadequate or 

excessive exposure to fluorides 

during tooth development increases 

the risk of EWSLs (4).  

5. Orthodontic Treatment: EWSLs are 

a common side effect to 

orthodontic treatment, due to the 

presence of brackets and wires 

acting as plaque stagnation areas 

making oral hygiene more 

challenging, leading up to the 

formation of EWSLs (12). 

Properties of Enamel White Spot Lesions 

Enamel White Spot Lesions possess certain 

characteristic properties. It lies most 

frequently on the labial and buccal surfaces 

of teeth but it could also be found 

interproximally (3). The color of those 

lesions is opaque white and could be easily 

distinguished from the surrounding normal 

enamel, it is presumably attributed to the 

fact that during the demineralization 

process, the enamel pores increase in size, 

harboring more air and water which has 

different refractive indices than that of 

enamel, giving it it’s characteristic opaque 

white discoloration (13). Because of the 

demineralization process caused by organic 

acids, these EWSLs with time get to 

become rougher with reduced hardness, 

more porous or irregular surface quality 

compared with the surrounding smooth 

healthy enamel. Their composition is also 

distinct from the healthy enamel due to the 

calcium and phosphate mineral loss during 

the demineralization process (14, 15). 

Prevalence and incidence of Enamel 

White Spot Lesions 

Increased incidences of EWSLs have been 

documented in the recent years in patients 

undergoing orthodontic treatment because 

of the presence of more retentive zones 

than usual with those patients (12). 

A minimum of one EWSL was discovered 

in 50% of orthodontically treated 

individuals opposing a percentage of 24% 

of non-treated individuals (16), 72.9% of  

orthodontic patients in a study by Richter et 

al. (17) was also found to have developed 

at least one EWSL. 

A larger percentage of males (three times 

more) are speculated to have developed at 

least one EWSL than females, with 40% of 

their buccal surfaces involved to a 24% of 

that in females (12). 

One study by Axelsson et al., found a 

higher risk of EWSLs in 11 to 14 years 

aged children, and another study by Enaia 

et al. found a 12 to 16 years old higher 

EWSL tendency, while no age relation was 

found in other studies (18) (19, 20) 

Mechanism of development of Enamel 

White Spot Lesions 

When bacteria found in dental plaque 

consumes its nutritional source that is 

fermentable carbohydrates, organic acids 

are released leading to a pH drop to 5.5, 

and if this pH is maintained; the 

demineralization procedure then begins. 

Any increase in the pH level to greater than 
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5.5 reverts the process into a 

remineralization one (21).  Enamel 

hydroxyapatites during the 

demineralization process gets dissolved 

developing microporosities leading to form 

the signature appearance of EWSLs (22).  

The opposite of this process is the 

remineralization process where calcium 

and phosphate minerals found in saliva 

cause the repairing process of restoring the 

dissolved ionic component of EWSLs 

forming a more acid resistant enamel 

surface (23). 

Prevention of Enamel White Spot 

Lesions 

Prevention of EWSLs could be ensued by 

implementing a proper oral hygiene routine 

to fight the development of EWSLs, this 

could be maintained with the help of 

fluoridated toothpastes (amine fluoride, 

sodium fluoride, stannous fluoride , 

monofluorosphosphate or a combination of 

these) as fluoride aids in promoting EWSL 

remineralization with a plaque inhibiting 

anticaries effect (4, 24). A 1500 – 5000 

ppm fluoride concentration in toothpastes 

and gels documented a great success in 

inhibiting enamel demineralization (25). In 

patients receiving orthodontic treatment, 

the use of fluoride containing sealants and 

adhesive systems around brackets is 

beneficial. Mouth washes containing zin, 

triclosan, chlorohexidine have antibacterial 

effect and have been also successful in 

preventing the development of EWSLs 

(26). Through the use of MI paste plus, 

which is a product containing fluoride, 

amorphous calcium phosphate (ACP) and 

casein phosphopeptide (CPP), is a calcium 

and phosphate supersaturated product 

which seeps through EWSL porosities 

performing a remineralization action and 

ultimately arresting the lesion (27). 

Another remineralization product 

containing hydroxyapatite and fluoride 

called Remin Pro, have been documented 

to be successful in preventing EWSLs (28). 

Dietary modification, xylitol, calcium 

remineralizing agents and chlorohexidine 

are all used in EWSL prevention due to 

their action in enamel demineralization 

deactivation (1). 

Treatment options to Enamel White Spot 

Lesions 

Taking into account how much progress a 

lesion has gone through the enamel surface, 

the treatment of EWSLs could be classified 

into early, intermediate and late 

intervention (29) and the most popular and 

desired of which is the intermediate 

minimum intervention dentistry where only 

minimum amount of tooth structure is 

destined to removal during the dental 

treatment (30).  

 

Remineralization treatment 

Remineralization is one form of treatment 

used   in the management of EWSLs used 

in the early stages of these lesions, 

remineralizing agents come in the form of 

gels, toothpastes and topical application.  

This process works in a paradoxical 

manner to demineralization by slowing or 

even hindering it, once a remineralizing 

agent interacts with hydrogen ions forming 

calcium hydrogen phosphate releasing 

calcium and phosphate into the 

environment and increasing the levels of 

pH by slowing down the acid dissolution 

(31). Fluoride, calcium sodium 

phosphosilicate glass, casein 

phosphopeptide amphorous calcium 

phosphate (CPP-ACP) and casein 

phosphopeptide-amorphous calcium 

phosphate fluoride are some of the 

materials useful in the remineralization 

process (32, 33). Once lesion depth is too 

advanced then remineralization will not 

solve the issue and more invasive 

techniques should be pursued (34). 

 

Laser treatment 

Laser is a semiconductor device that 

contains a diode junction through which a 

laser beam is emitted (35). Laser treatment 

used with the help of a low energy laser of 

a 2.94 µm wavelength (erbium laser), 

which exhibits a fatal effect on the 

microorganisms, is responsible for the 

EWSL demineralization. This laser coupled 

with MI paste (CCP-ACP) have been 

proven to be effective in the treatment of 

those lesions (36).  

 

Microabrasion treatment 

Microabrasion is a conservative, minimally 

invasive procedure, and another treatment 
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option that can be used for enamel white 

spot lesions by removing the discolored or 

demineralized enamel and providing a 

more seamless color masking of the lesion 

(37). It has been successfully used in 

dentistry in treating developmental defects, 

surface irregularities, dental 

decalcifications, and stubborn 

discolorations (38). 

Microabrasion is performed with the help 

of a rubber cup attached to a rotating 

handpiece or a dental drill. It is a mixture 

of a mild acid (6.6% hydrochloric acid or 

37% phosphoric acid) and an abrasive 

agent (pumice), combining the dissolution 

of minerals caused by the acid together 

with mechanical abrasion of the abrasive 

material, causes the removal of only a thin 

layer of enamel (20 – 200 µm), then a final 

polish is performed for a smoother finish 

(39).  

Although microabrasion has been 

successfully proven to aid in the treatment 

of EWSLs, it is important to keep in mind 

that it only works on superficial lesions 

which have not progressed deep through 

the enamel surface, deeper lesions on the 

other hand; may require more extensive 

types of treatment strategies (direct or 

indirect types, restorations or maybe even 

crowns or veneers) (40).  

Bioactive glass treatment 

Bioactive glass is a material that has the 

ability to interact with biological tissues, 

including teeth, and promote 

remineralization. When bioactive glass is 

applied to Enamel White Spot Lesions, it 

releases ions such as calcium, phosphate, 

and fluoride. These ions can penetrate the 

enamel and promote the remineralization 

process by attracting minerals from saliva 

and aiding in the repair of the 

demineralized areas. Conventional silicates 

(45S5), borate based glasses, and phosphate 

based glasses are some of the bioactive 

glasses available  (41). 

BAG 45S5 calcium sodium phospho-

silicate glass has been given the brand 

name NovaMin, which is the type of glass 

used in dental practice in managing 

demineralized enamel structure, in dentine 

desensitization and as a bone alternative in 

periodontology. Bioactive glass can be 

applied in the form of a paste, solution, or 

powder. The material is typically placed 

directly on the affected area and allowed to 

interact with the tooth surface. Over time, 

the bioactive glass encourages the 

deposition of minerals, strengthening the 

enamel and improving the appearance of 

the white spot lesions (42). 

The use of bioactive glass in treating 

enamel white spot lesions is a relatively 

new approach, and research is still ongoing 

to determine its long-term effectiveness. 

However, initial studies have shown 

promising results in terms of 

remineralization and lesion improvement 

(43). 

Resin infiltration treatment 

Resin infiltration treatment (ICON) is 

another treatment strategy that is 

considered to be minimally invasive which 

is used in the treatment and masking of 

EWSLs. It is a low viscosity, low 

molecular weight resin material (triethylene 

glycol dimethacrylate (TEGDMA))  that 

seeps through the enamel porosities with a 

similar refractive index (RI 1.44) to enamel 

(RI 1.63) leading to not only slowing but 

also stopping the demineralization 

procedure together with masking of those 

lesions (30), also this demineralized 

unsupported enamel structure is reinforced 

with the addition of this low viscosity resin 

in the lesion body making enamel more 

mechanically durable and acid resistant 

(30, 44). 

This material is a conservative, noninvasive 

treatment approach consistent of three 

steps: an etchant step of 15% hydrochloric 

acid which removes only 58 ± 37 µm of the 

EWSL surface opening up access to the 

body of the lesion, a desiccating step for 

drying purposes, and a final step of resin 

infiltration allowing the material to seep 

through the porosities and filling them, 

which ultimately reduces or maybe even 

completely masks those lesions (45). 
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Icon resin infiltration is considered to be a 

gold standard in the management of 

EWSLs with a remarkable instant lesion 

disappearance in mild lesions, with 6 

months durability and no changes after 12 

to 24 months (46), however a gradual 

enhancement is observed in moderate 

lesions when observed over a period of 

time (47). 

Conclusions  
The conjecture obtained through this 

research is that EWSL is a reversible 

condition that could be reversed at its initial 

stages, with good oral hygiene, topical 

fluoride application and the help of 

remineralizing gels and toothpastes could 

be used to aid prevent this problem. If 

deeper, more advanced lesions existed, then 

more invasive techniques should be 

employed, some of which are lasers, 

microabrasion, bioactive glasses and resin 

infiltration. There is no single material that 

could be used with the expectation of an 

ideal outcome, although according to 

previous studies, ICON resin infiltration 

could be regarded as the technique with the 

best outcome compared to others in regard 

to color masking, conservancy and 

mechanical durability.  
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Fig. (1) A: Dental fluorosis (48), B: WSLs (3). 
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