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Abstract
Introduction and objective: The Dental Fluorosis (DF) is a development de-
fect of enamel resulting from overexposure to fluoride and can aesthetically 
compromise the patient. This study aims to investigate the relationship be-
tween aesthetic perception and dental fluorosis (DF) in a low-income com-
munity with high DF prevalence. Materials and methods: A cross-sectional 
study was conducted with 171 Colombian schoolchildren aged 8 to 12 years 
living in low socioeconomic community (El Cedro, district of Ayapel, Córdo-
ba, Colombia). After receiving authorization, the students were examined for 
DMFT and dmft indexes (WHO criteria), and for DF (TF index). The aesthetic per-
ceptions were verified by the Child Perceptions Questionnaire About Tooth 
Appearance (CQATA). Data analysis was carried out using descriptive statis-
tics, the chi-square test, the Student´s t-test, the one-way ANOVA test, and 
linear regression at a significance level of p ≤ 0.05. Results: The prevalence 
of DF in this sample was 84.8% (n=145). Only the presence of caries (DMFT/
deft≠ 0) had a significant impact on aesthetic perceptions. A significantly 
lower rate was found in girls for the report of pleasant color domain. The 
number of teeth affected by DF had a significant positive correlation with 
mean overall perception of dental health. Conclusion: The presence of mild 
DF in children with low socioeconomic status, from a population with a high 
prevalence of the condition, did not seem to have an impact on the report of 
pleasant color of teeth domain.
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Resumo
Introdução e Objetivo: A fluorose dentária (FD) é um defeito de desenvolvimento do 
esmalte decorrente da sobre-exposição ao flúor e pode comprometer esteticamente 
o paciente. O presente estudo se propõe a investigar a relação entre percepção es-
tética e fluorose dentária em uma comunidade de baixa renda com alta prevalência 
de FD. Materiais e métodos: Foi realizado um estudo transversal com 171 escolares 
colombianos de 8 a 12 anos de idade, moradores de uma comunidade de baixa renda 
(El Cedro, distrito de Ayapel, Córdoba, Colômbia). Após receber autorização, os estu-
dantes foram examinados para os índices CPOD e ceod (OMS) e para o FD (TF index). 
As percepções estéticas foram verificadas pelo “Child Perception Questionaire about 
Teeth Appearence” (CQATA). A análise dos dados foi realizada por meio de estatística 
descritiva, teste do qui-quadrado, teste t de Student, teste ANOVA one-way e regressão 
linear em nível de significância de p ≤ 0,05. Resultados: A prevalência de FD nesta 
amostra foi de 84,8% (n = 145). Apenas a presença de cáries (CPOD/cpod≠0) teve um 
impacto significativo nas percepções estéticas. Uma taxa significativamente menor 
foi encontrada em meninas para o relato de domínio de cor agradável. O número de 
dentes afetados pela FD teve correlação positiva significativa com a percepção ge-
ral da saúde bucal. Conclusão: A presença de FD leve em crianças com baixo nível 
socioeconômico, de uma população com alta prevalência da doença, não parece ter 
impacto na satisfação com a coloração dos dentes.

Palavras-chave: fluorose dentária, criança, estética dentária, saúde bucal.

Resumen
Introducción y objetivo: La fluorosis dental (FD) es un defecto en el desarrollo del es-
malte como resultado de la sobreexposición al fluoruro y puede comprometer estética-
mente al paciente. Este estudio tiene como objetivo investigar la relación entre la per-
cepción estética y la fluorosis dental en una comunidad de bajos ingresos económicos 
y con alta prevalencia de FD. Materiales y métodos: Se realizó un estudio transversal 
con 171 escolares de 8 a 12 años que viven en una comunidad socioeconómica baja (El 
Cedro, distrito de Ayapel, Córdoba, Colombia). Los estudiantes fueron examinados para 
caries dentaria (índices DMFT y dmft (criterios de la OMS) y para el fluorosis dentaria 
(índice TF). La percepción estética se verifico con el cuestionario sobre percepciones de 
los niños sobre la apariencia de los dientes (CQATA). El análisis de los datos se realizó 
mediante estadísticas descriptivas y las pruebas de chi cuadrado, t de Student, ANOVA 
de una vía y la regresión lineal (p ≤ 0.05). Resultados: La prevalencia de FD fue de 84.8% 
(n = 145). Solo la presencia de caries (DMFT/deft ≠ 0) tuvo un impacto significativo en 
las percepciones estéticas. Se encontró una tasa significativamente más baja en las ni-
ñas para el informe acerca de color agradable. La cantidad de dientes afectados por FD 
tuvo una correlación positiva significativa con la percepción general de la salud dental. 
Conclusión: La presencia de FD leve en niños con bajo nivel socioeconómico, en una 
población con una alta prevalencia de este defecto de esmalte, no pareció tener tuvo un 
impacto en la aceptción aceptar la apariencia del color de los dientes.

Palabras clave: fluorosis dental, ninõ, estética dental, salud bucal.

Introduction
Dental caries is a serious public health problem worldwide. The use of fluoride for 
the prevention of dental caries is supported by scientific evidence. The addition of 
this chemical to water or to salt is cost-effective, and is frequently part of public oral 
health programs (1). 
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However, excessive intake of fluoride can cause acute or chronic intoxication. Dental 
enamel fluorosis (DF) is the most widely studied side effect attributed to prolonged 
and excessive fluoride intake, and occurs during tooth development (2). DF affects 
the deciduous and permanent dentition, and can vary from diffuse white lines to 
structural alterations (3). Severe cases compromise the dental surface and increase 
the susceptibility to dental caries. (4).  Global DF prevalence is about 12.9% (95% CI 
7.5-18.3%), according to 57 studies included in a meta-analysis study (5), and it has 
been reported to range from 30% to 81% in Colombia (6-8).

DF aesthetic changes can impact affected individuals psychologically. Although the 
impact of DF on aesthetic perceptions has been demonstrated in some studies (9-11), 
other studies have not established this association (12). There also exists some dis-
cussion about how socioeconomic status may affect perceptions, since individuals 
belonging to populations with a lower socioeconomic status were reported in the 
past to have lower aesthetic concerns (13). Therefore, the objective of the present 
study was to evaluate the impact of DF on aesthetic perceptions in a low-income 
community with high DF prevalence.

Materials and methods
This cross-sectional study was approved by the Ethics Committee on Human Research 
of CES University, Medellin, Colombia, protocol number 254, and all participants sig-
ned the informed consent after receiving an explanation of the research objectives 
and procedures.

Sample Selection
The sample size of this study was 171 Colombia schoolchildren aged 8 to 12 years, 
born in the El Cedro, district of Ayapel, Córdoba. This district is located in northern 
Colombia, and has 946 residents. All schoolchildren aged 8 to 12 years was included 
in the study. It is a riverside population, and the closest city is 10 minutes away by 
boat, on the San Jorge River. Its population receives healthcare provided by the CES 
University medical and dental students. 

Measuring Instruments
The Spanish version of the “Child Perceptions Questionnaire About Tooth Appearance” 
(CQATA) (14) with five questions was applied to all participants. The CQATA was used 
to measure the children’s aesthetic perceptions about their teeth. This instrument 
includes issues regarding physical, psychological and social domains, as well as per-
ceptions of color change and other aesthetic conditions. It provides multiple-choice 
answers to items and sub-items (14).

The first three items cover issues that were observed in the previous two months re-
garding feeling uncomfortable (physical domain), worrying (psychological domain) and 
having smiling constraints (social domain), because of tooth appearance. The overall 
perception of dental health represented the total score of the physical, psychological 
and social domains. The fourth item assesses the perception about tooth pleasant-
ness, alignment, discoloration and health. In addition, the report of pleasant color do-
main asks the respondents how satisfied they are with the color of their teeth. 

Data Collection
All the schoolchildren were clinically evaluated by two examiners previously trained 
and calibrated for caries detection in permanent and deciduous teeth, according to 
the DMFT and the deft indexes, following the WHO criteria (15), and in fluorosis detection 
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according to the TF index (kappa intraexaminer>0.89 and interexaminer>0.87). The 
criteria developed by Thylstrup and Fejerskov in 1978 was used, whereby a score is 
assigned to the vestibular surface of each tooth (3). 

Examinations were performed in dental chairs with dental lights, and standard infec-
tion control measures for epidemiological studies were followed. The CQATA question-
naire was applied before the clinical exam, under the supervision of researchers.

Statistical Analysis 
The data collected were evaluated statistically using SPSS 22. The statistical analyses 
were divided according to gender, age, DMFT/deft≠0, DF presence and DF severity in 
anterior teeth. The means of the CQATA scores for each domain were computed. The 
missed values were inputted by means for each domain and for each person (16). 

After applying the Kolmogorov-Smirnov test for normality, the Student´s t-test was 
used to evaluate differences in CQATA for gender, DMFT/deft≠0 and DF presence. 
The one-way ANOVA test was used to assess differences in the CQATA by age and DF 
severity in anterior teeth.

Linear regressions were used for each question on the questionnaire, and for the 
other 16 variables: gender, age, decayed permanent, decayed deciduous, missed 
permanent, missed deciduous, filled permanent, filled deciduous, DMFT, deft, DMFT 
or deft≠0, DF presence, DF severity, DF anterior teeth severity, number of affected 
teeth and number of affected anterior teeth. The effective variables were entered in 
the model at p = 0.05 using regression analysis.

Results
In all, 171 students, 8 to 12 years old, were included in this study; 55.6% were female. 
The prevalence of DF in this sample was 84.8% (n=145), with a higher prevalence 
found in males. DF severity ranged between TF1 and TF5 (Figure 1). Of the 2091 
affected teeth, 38.6% (807) presented the score of TF1, 36.8% (770) had a score of 
TF2, 21.1% (444) were TF3, 0.5% (22) were TF4, and 2.8 % (58) were TF5 (Figure 2).

Figure 1. TF1: 12, 11, 21 and 22 teeth with fine white lines crossing the tooth surface. TF2: 
12, 11, 21 and 22 teeth with more pronounced white and opaque lines that often fuse to 
form wider bands. TF3: 11 and 21 teeth with all dental surfaces show opaque white and 
cloudy areas. TF4: 12 teeth with every surface exhibit marked opacity. TF5: 12, 11 and 22 

teeth with all surfaces opaque and depressions less than 2mm in diameter.
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Caries prevalence was 62%. The DMFT index was 0.62, and the deft index was 1.37. No 
association was found between DF and dental caries. Tables 1 and 2 present answers 
to the questions of the CQATA, according to demographic caries experience and dental 
fluorosis presence. Only the presence of caries (DMFT/deft≠0) had significant impact on 
aesthetic perceptions (Student´s t-test) in physical domain (p=0.010) and tooth health 
perception (p=0.008).

Figure 2. Distribution of dental fluorosis according with teeth and severity.

Physical Domain: “During the past two months, how upset have you been about 
the way your teeth look?”

Not at all A little Some A lot

DMFT/deft=0 60.3 32.8 5.2 1.7

DMFT/deft≠ 0 41.2 41.2 8.3 9.3

Fluorosis - Absent 44.0 44.0 4.0 8.0

Fluorosis - Present 49.2 37.0 7.7 6.1

Psychological Domain: “During the past two months, how much has the way 
your teeth look worried you?”

Not at all A little Some A lot

DMFT/deft=0 48.3 24.1 22.4 5.2

DMFT/deft≠ 0 32.0 32.0 25.7 10.3

Fluorosis - Absent 52.0 24.0 12.0 12.0

Fluorosis - Present 35.4 30.0 26.9 7.7

Social Domain: “During the past two months, how much has the way your teeth 
look kept you from smiling freely?”

Not at all A little Some A lot

DMFT/deft=0 82.8 13.8 1.7 1.7

DMFT/deft≠ 0 70.1 15.4 7.3 7.2

Fluorosis - Absent 76.0 8.0 8.0 8.0

Fluorosis - Present 74.6 16.2 4.6 4.6

Table 1. Frequency (%) of CQATA domains: physical, psychological and social 
domains, according to caries experience and dental fluorosis presence
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Table 2. Frequency (%) of CQATA domains: tooth discoloration perception, tooth health 
perception and report pleasant color domain, according to caries experience and 

dental fluorosis presence

Tooth Discoloration Perception: “Are my teeth?

Very white White
Neither white nor 

discolored
Discolored Very discolored

DMFT/deft=0 45.0 41.7 8.3 3.3 1.7

DMFT/deft≠ 0 48.5 36.0 9.7 4.8 1.0

Fluorosis - Absent 56.0 32.0 8.0 4.0 0.0

Fluorosis - Present 45.7 39.1 9.4 4.3 1.5

Tooth Health Perception: “Are my teeth”?

Very Health Health
Neither health nor 

unhealth
Unhealth Very unhealth

DMFT/deft=0 71.7 16.6 5.0 1.7 5.0

DMFT/deft≠ 0 55.3 30.1 7.8 4.9 1.9

Fluorosis - Absent 52.0 36.0 4.0 8.0 0.0

Fluorosis - Present 63.0 23.2 7.3 2.9 3.6

Report Pleasant Color: “The color of my teeth is pleasing and looks nice”

Strongly 
agree

Agree Neutral Disagree
Disagree 
strongly

DMFT/deft=0 49.2 38.5 7.7 4.6 0.0

0DMFT/deft≠ 0 43.4 37.7 11.3 5.7 1.9

Fluorosis - Absent 57.7 23.1 7.7 11.5 0.0

Fluorosis - Present 43.4 40.7 10.3 4.2 1.4

Table 3. Linear regression showing significant correlation 
with means domain

Modal β (95% CI) p-value R2 (%)

Overall Perception of Dental Health

Filled deciduous teeth 0.260 (0.118-0.401) 0.000 11.8

Number of teeth affected by DF 0.022 (0.000-0.043) 0.046 8.6

Physical Domain

Filled deciduous teeth 0.285 (0.123-0.447) 0.001 9.9

Social Domain

Filled deciduous teeth 0.222 (0.056-0.389) 0.009 5.9

Tooth discoloration perception

Filled permanent teeth 0.459 (0.026-0.892) 0.038 3.6

Tooth health perception

Filled permanent teeth 0.596 (0.125-1.067) 0.014 5.1

Report of pleasant color

Gender - 0=Male;1=Female 0.400 (0.085-0.716) 0.013 4.9

Table 3 presents the results of the linear regression used to assess the correlation 
between means and another 16 factors related with the child oral health status. The 
results show that filled teeth had a significant positive correlation with mean ove-
rall perception of dental health, physical domain, social domain, tooth discoloration 
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perception and tooth health perception. Girls showed an increase of 4.9% over the 
average rate, in relation to the boys in the report of pleasant color domain. The num-
ber of teeth affected by DF had a significant positive correlation with mean overall 
perception of dental health. 

Discussion
The perception of what is aesthetically acceptable is subjective and influenced by 
cultural, socioeconomic, psychological and physical factors, and may change over 
time (13). Not only clinical features, but also psychosocial aspects must be considered 
in determining to what extent DF impacts a population.

The community studied in the present study had an overall low socioeconomic level 
and a high prevalence of fluorosis (84.8%), the highest reported in Colombia. In 2009, 
Ramírez-Puerta et al. brought attention to a growing increase in the DF indexes in the 
country (6). A high prevalence of fluorosis was also found in the Colombian cities of 
Bucaramanga (17), Bogotá (18), Frontino (19), Andes (20), Sagamoso (21) and Caldas (7).

This article does not aim to discuss what source of fluoride is used in Colombia; none-
theless, it is noteworthy to mention, in connection with the high prevalence of dental 
fluorosis, that Colombia uses salt fluoridation (22), and the fluoride concentration has 
been reported to be within the current recommended standards (23). There are also 
studies that have investigated rocks, soil and water as potential sources of fluoride 
in endemic regions (23); however, the potential sources of excessive fluoride intake 
remain to be identified. 

Despite the high prevalence of DF observed in this study, it does not seem to be 
severe. The most prevalent severity was the mildest (TF1 and TF2), and was found 
in 75.4% of the affected teeth. These values corroborate the results of other studies 
conducted in Colombia, which have also evaluated DF severity (6, 7). This high pre-
valence also seems to have only minimally impacted the overall perception of the 
dental health domain, with an average increase of 0.022 for each tooth affected by 
DF. In addition, there was no association between the DF and the report of pleasant 
color domain.

Similar studies show that children with DF are not very concerned about their con-
dition. This suggests that their perception of having fluorosis does not necessarily 
mean that they are dissatisfied or concerned about the appearance of their teeth 
(12). On the other hand, studies that included adolescents with DF reported that 
they perceive it as an aesthetic problem (9). When the DF was of greater severity, a 
greater impact was perceived (10). In contrast, other studies on adolescents have 
reported that even cases with mild DF led to feeling ashamed, to such an extent that 
it kept participants from smiling (11, 24). These results may indicate that a change in 
perception may occur during adolescence.

In this study, there was an impact on the perception of tooth discoloration and health 
by children whose DMFT/deft was not zero, often influenced by the number of restored 
teeth. However, dental caries was not associated with the report of pleasant color. 

A significantly lower satisfaction with the color of one’s teeth was found in regard to 
gender, in that the girls showed the worst results. These findings corroborate those 
of other studies with psychosocial variables, where female patients tended to present 
worse values than male patients (25, 26). 
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There was a high prevalence of DF in this low socioeconomic population, but DF was 
frequently mild, without impacting the report of pleasant color domain. Nonetheless, 
the changes in aesthetic impact across time should be investigated, especially in 
girls and as perceived by them at different ages. 

Conclusion
In this study, the presence of mild DF in children 8 to 12 years old, with a low socioe-
conomic status, from a population with a high prevalence of the condition, did not 
seem to have an impact on the report of pleasant color of teeth domain.
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