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Dental fluorosis is a developmental defect of enamel caused by chronic
and excessive fluoride intake resulting in a hypomineralized enamel with
increased porosity. It is clinically identified as spots ranging from mild white lines to opaque spots covering all or part of the enamel surface and
breakdown after teeth eruption. However, the clinical definition of the fluorosis degree in teeth is not an easy task, having been presented many indices that generally qualify the severity degree with variations in the details.
As the choice of treatment is closely linked to the defect severity, the purpose of this article is to present the clinical aspects of dental fluorosis represented through the Thylstrup-Fejerskov Index. The severity scores are
presented according to histological features and the differences between
them will be discussed in order to enable the dentist to correctly diagnose
and choose the most appropriate treatment for the patient with DF.
Keywords: dental fluorosis; diagnosis; classification.

Resumo
A fluorose dental (FD) é um defeito de desenvolvimento do esmalte causado pela ingestão crônica e excessiva de flúor, resultando em um esmalte
hipomineralizado com maior porosidade. Clinicamente é identificada como
manchas que vão desde delicadas linhas brancas até manchas opacas que
cobrem parte ou toda a superfície do esmalte podendo sofrer pigmentações
ou fraturas após a irrupção. No entanto, a definição clínica do grau de comprometimento dos dentes não é uma tarefa fácil e tem sido apresentada
na forma de índices que geralmente qualificam o grau de severidade com
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maior ou menor detalhes. Como a escolha do tratamento está intimamente ligada à
gravidade do defeito, o objetivo deste artigo é apresentar os aspectos clínicos da fluorose dental representadas por meios do Índice de Thylstrup-Fejerskov (1978). Os escores de severidade são apresentadas de acordo com as características histológicas
e as diferenças entre eles serão discutidas a fim de permitir ao dentista diagnosticar
corretamente e escolher o tratamento mais adequado para o paciente com FD.
Palavras-chave: fluorose dentária; diagnóstico; classificação.

Resumen
La fluorosis dental (FD) es un defecto del desarrollo del esmalte dental causado por
la ingesta crónica y excesiva de fluoruro, que resulta en un esmalte hipomineralizado y poroso. Clínicamente se manifiesta desde manchas y delicadas líneas blancas
hasta manchas opacas que cubren parte o toda la superficie del esmalte, el cual es
susceptible a pigmentaciones o fracturas post-eruptivas. Sin embargo, establecer
el grado de compromiso de los dientes no es una tarea fácil y para esto se han presentado índices que determinan el grado de severidad con mayor o menor detalle.
Como la decisión de tratamiento está estrechamente relacionada a la gravedad del
defecto, el objetivo de este artículo es presentar los aspectos clínicos de la fluorosis
dental de acuerdo al Índice de Thylstrup-Fejerskov (1978). Los grados de severidad
son representados de acuerdo con las características histológicas y las diferencias
entre ellos son discutidas para que el odontólogo pueda diagnosticas correctamente
y escoger el tratamiento más adecuado para el paciente con FD.
Palabras clave: fluorosis dental; diagnóstico; clasificación.

Introduction
The dental fluorosis (DF) results from chronic and excessive ingestion of fluoride during the period of amelogenesis, resulting in a hypomineralized enamel with varying
levels of porosity (1). Clinically, the enamel presents streaks and/or opacities that
may vary in color white, yellow or brown (2), and can be accompanied by structural
losses (3). The diagnosis of DF is not an easy task for the dentist because clinically
the affected enamel is very similar to other conditions found in the clinical practice,
as white spots suggestive of incipient carious lesions, non-fluorotics enamel defects,
molar-incisor hypomineralization (MIH), amelogenesis imperfecta, dentinogenesis
imperfecta and tetracycline stains (4).
Regarding etiology, the most important risk factor for DF is the amount of fluoride
consumed in a given period, from several sources (5). The definite evidence that
fluoride can induce dental fluorosis by affecting the enamel maturation was given
by Richards et al (6). The period of risk for the dental fluorosis development comprises maturation stage of tooth enamel (1,7,8). The fluoride acts on the rates at which
enamel matrix protein breakdown or rates at which the byproducts of enamel matrix
degradation are withdrawn, resulting in retardation of crystal growth in enamel maturation stage (9). There are several dietary sources of access to fluoride, however,
toothpastes and fluoride supplements, in addition to infant formula ingested before
seven years of age are the three main risk factors for dental fluorosis, because they
can reach excessive levels in the body (7).
It is a fact that fluoride is effective in preventing tooth decay (10), but does not remove
the cause of the disease permanently (3). Rather, their action can lead to weakness
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of the tooth tissue, since the amended structure of enamel is also more susceptible
to demineralization (3,11). This may be the possible reason for high caries experience in areas with high concentrations of fluoride (3).
There are a variety of indices described in the literature used in epidemiological studies to classify the DF severity (12). The Thylstrup and Fejerskov index (TF index) is
complete and sensitive, because evaluates dental fluorosis in all severity levels (4)
correlating clinical features with histological features of the affected enamel (13,14).
In their classification has scores ranging from zero to nine, allowing the determination of mild to more severe levels, i.e, higher scores indicate greater severity (12).
In clinical practice, the degree of severity determines the type of treatment that is
highly complex (15) due to occurrence of cracks, loss of enamel, hypersensitivity and
impairment of masticatory efficiency, and may also affect the patient’s life quality
due to the aesthetic standard (16). In this context, the aim of this article is to present
the clinical characteristics of dental fluorosis through Thylstrup and Fejerskov Index
(1978) (13), enabling the dentist to correct diagnosis and choose the most appropriate treatment for patients with DF.

Clinical characteristics of Dental Fluorosis
Clinically, the dental fluorosis appearance varies according to its gravity (17). The
earliest manifestation of dental fluorosis is an increase in enamel porosity along the
striae of Retzius (18). These lines, corresponding to perikymata, may or not be fused,
forming white spots with chalk aspect (4,19) (Figure 1A). In more severe cases, such
porous areas can acquire a brown color, with the possibility of tooth structure loss
due to friable feature of the stained area (20) (Figure 1B - 3B). The table 1 shows the
criteria for classification based on biological aspects to the dental fluorosis index
proposed by Thylstrup and Fejerskov (13).
Table 1. Clinical criteria and scoring for the TF Index for Dental Fluorosis*
Score

Criteria

0

Normal translucency of enamel remains after prolonged air-drying.

1

Narrow white lines corresponding to the perikymata.

2

Smooth surfaces: More pronounced lines of opacity that follow the perikymata. Occasionally confluence of adjacent lines.
Occlusal surfaces: Scattered areas of opacity <2 mm in diameter and pronounced opacity of cuspal ridges.

3

4

Smooth surfaces: Merging and irregular cloudy areas of opacity. Accentuated drawing of perikymata often visible
between opacities.
Occlusal surfaces: Confluent areas of marked opacity. Worn areas appear almost normal but usually circumscribed by
a rim of opaque enamel.
Smooth surfaces: The entire surface exhibits marked opacity or appears chalky white. Parts of surface exposed to
attrition appear less affected.
Occlusal surfaces: Entire surface exhibits marked opacity. Attrition is often pronounced shortly after eruption.

5

Smooth surfaces and occlusal surfaces: Entire surface displays marked opacity wtih focal loss of outermost enamel
(pits) <2 mm in diameter.

6

Smooth surfaces: Pits are regularly arranged in horizontal bands <2 mm in vertical extension.
Occlusal surfaces: Confluent areas <3 mm in diameter exhibit loss of enamel. Marked attrition.

7

Smooth surfaces: Loss of outermost enamel in irregular areas involving <1/2 of entire surface.
Occlusal surfaces: Changes in the morphology caused by merging pits and marked attrition.

8
9

Smooth and occlusal surfaces: Loss of outermost enamel involving >1/2 of surface.
Smooth and occlusal surfaces: Loss of main part of enamel with change in anatomic appearance of surface. Cervical
rim of almost unafffected enamel is often noted

Source: *Thylstrup and Fejerskov (13), 1978. As Reproduced in “Health Effects of Ingested Fluoride” National Academy of Sciences, 1993. pp. 171 Appendix
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Figure 1A. Dental Fluorosis classification (score 2).

Figure 2A. Dental Fluorosis classification (score 4 and
5). Enamel loss in the teeth 16, 44 and 45.

Figure 3A. Dental Fluorosis classification (score 4,
score 5 and score 7). Enamel loss in the teeth 12, 11,
21, 22, 31, 41, 42.

Figure 1B. Dental Fluorosis classification (score 3 and
5). Enamel loss in the tooth 12, 11, 21 and 22.

Figure 2B. Dental Fluorosis classification (score 2, 3, 5
and 6). Enamel loss in the teeth 11, 21 and 33.

Figure 3B. Dental Fluorosis classification (score
8 in the tooth 11 and the score 9 in the tooth 21).
Source: Fejerskov et al. Dental Fluorosis-a handbook for health workers, 1994.

Dental fluorosis occurs bilaterally, however, the lines/opacites does not necessarily
have a uniform standard in relation to homologous teeth, ranging the classification
between teeth. In the same patient with DF it is possible to observe an intact lesion in
a tooth or group of teeth, whereas in other parts of the enamel can fracture after the
tooth eruption under the action of mastication forces and abrasive forces (Figures
1B – 3B). This way, can also favor the asymmetry pattern, because the severity level
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may change due to the occurrence of fractures (4). Because of the structural loss,
tooth may also receive a different classification compared to a previous exam. In this
case, the tooth new classification may vary from score 5 to 9, in accordance with the
structural losses on the vestibular face of incisors commonly occur by abrasive forces, and brushing is a routine example. In mild cases, lesion is restricted to a small
diameter (<2 mm), but may extend in horizontal bands, characterizing the clinical
exacerbation. The teeth 11 and 21 of the figure 2B and the tooth 11 of the figure 3A,
classically represent this description. It is also interesting to note in figure 3A, the
cuspid of the tooth 43 has become quite whitish, suggesting the fracture possibility.
If no rehabilitation intervention is performed in the affected structure, almost all the
dentin is exposed, as shown in figure 3B, contributing to the intensification of the
hypersensitivity.
In primary dentition with dental fluorosis (Figure 4), the lesions may also have an
asymmetrical pattern, however, the risk of structural loss is smaller, considering
that the severity is less when compared to permanent dentition (4).

Figure 4. Dental fluorosis in primary dentition (score 3).

Discussion
The use of fluoride, either systemically or topically, has fostered significant improvements in oral health by reducing dental caries rates (9). However, the undesirable
effect of excessive ingestion of fluoride, dental fluorosis (4,21), also has been identified today. As explained above, this enamel defect is characterized by a hypomineralization resulting of the proteins retention in enamel matrix during the early stage of
mineralization (22). Clinical manifestations depend on the amount of fluoride ingested, exposure time, age, weight, nutritional status of the individual (23); in addition
to the fact that children with weak health and systemic conditions are more likely to
present developmental defects of enamel (24).
Among the various sources of fluoride most common, which reach population levels, are the public measures of fluoride addition artificially in drinking water and
salt (25). Water fluoridation is effective method preventing tooth decay when used
at optimal concentration, according to the local average temperature (26). The
temperature factor directly affects the amount of water intake, increasing the fluid
intake, especially in tropical areas (27). In Brazil, the concentration recommended
DOI: http://dx.doi.org/10.21615/cesodon.30.1.4
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to minimize the DF risk is 0.07mg fluoride/day/kg body weight (28). According to
Marthaler (29) (2013), the fluoride salt has the same cariostatic potential that fluoridated water; in Germany, about 67 % of the population consume fluoridated salt
and in Switzerland, about 85 %. Salt fluoridation schemes are reaching more than
one hundred million in Mexico, Colombia, Peru and Cuba. In Latin America, there
are more than 100 million users, and several countries have arrived at coverage of
90 to 99 %. Salt fluoridation is by far the cheapest method of caries prevention, and
billions of people throughout the world could benefit from this method.
The TF index allows carefully classify the affected tooth, by correlating clinical and
histological aspects (13,14) and avoid underestimating the real pattern of severity of the affected tooth, which could compromise the effectiveness of established
treatment. As noted in the cases illustrated in this article, the DF does not always
present a symmetrical pattern. This uneven occurrence of the enamel defect, in a
dentition as a whole, suggests that ameloblasts are affected in a very specific stage
of development, being that not all of them are capable to repair against an insult;
and as a result, is observed opaque areas in dental enamel, characterized by mineral
deficiency (30).
While in the permanent dentition, the teeth may appear completely stained (Figures
1B – 3A) and even with structural loss (Figure 3B), in the primary dentition, mildest
levels of hypomineralization are observed (Figure 4). These differences between
dentition are due to the fact that the mineralization phase of deciduous teeth is smaller than that of the permanent teeth (31), besides having smaller enamel thickness
and featured whitish color, which difficult the detection of fluorosis in milder degrees
(32). Furthermore, the mineralization of deciduous teeth occurs before birth. Thus,
the placenta functions as a passive barrier against the passage of high fluoride concentrations from maternal plasma to the fetus (33).
In clinical practice, the diagnosis of DF can be even more challenging since there are
enamel defects that may be confused. Thus, the clinician must establish the differential diagnosis for the following defects: non-fluorotics enamel defects, white spots
suggestive of incipient carious lesions, molar-incisor hypomineralization (MIH), amelogenesis imperfecta, dentinogenesis imperfecta and tetracycline stains. Didactically,
opacities not induced by fluoride are typically delimited and centralized, with rounded
shape and normal enamel thickness (34). White spots lesions have a diffuse opaque
area, extending in the cervical region and are associated with the presence of dental
plaque or gingivitis (35). The MIH has demarcated and asymmetric opacities, located in
the middle third of the tooth, especially, being more common in permanent teeth (first
molar and central incisor) (36). The hypomineralized amelogenesis imperfecta, dentinogenesis imperfecta and stains occasioned by tetracycline are those that generate
less confusion to diagnose, with the first two there is always a correlated inheritance
pattern and the spots by tetracycline fluoresce under ultraviolet light (4). It is important
not to confuse any of these defects with enamel hypoplasia, as this is a quantitative
defect resulting of disturbance in enamel matrix secretion phase. Clinically, lesions
have rounded and symmetrical cavities, with smooth and glossy surface, with no opacity signal (34).
The treatment of dental fluorosis is closely related to the lesions severity (15). In general, for the scores 1, 2 and 3, the microabrasion becomes the treatment of choice
because reestablish aesthetics, providing a smoother and lossy surface (37). Because the technique is safe and minimally invasive it can be combined with teeth
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whitening, when necessary (37). The use of sodium fluoride is also recommended to
promote the remineralization process in the demineralized enamel areas (38). From
score 4 to 9, more invasive treatments are necessary. Options range from resin-based composite restorations, faceting of affected teeth or even total crowns (39). In
each of the treatment options described above, each one has its own advantages and
disadvantages; a good clinician should be aware of all the treatment options available assess its merits and demerits and select the best treatment option according to
individual patient needs.
The knowledge is essential for the diagnosis and treatment of DF. Parents have the
responsibility for control the fluoride intake by their children until the age of 7 years.
The clinician should pass on knowledge about the associated factors, in addition to
establishing the correct diagnosis of this dental enamel defects, based on severity,
to obtain success in the treatment instituted.

Conclusion
The establishment of a proper diagnosis of dental fluorosis, based on clinical and
histological features that depict the condition severity, is essential for family counseling and therapeutic decision.
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