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ABSTRACT
The aim of this study was to determine the frequency and severity 
of dental fluorosis (DF) and the association between severity 
and risk factors. In a cross-sectional study, 8- to 12-year-old 
children, born in a Colombian district, were evaluated according 
to the Thylstrup and Fejerskov Index (TFI) by two calibrated 
examiners. Molar Incisor Hypomineralization (MIH) and dental 
caries (DC) were also evaluated. Ordinal logistic regression 
was applied (p<0.05). Risk factors and lifestyle factors were 
collected using a questionnaire answered by parents. DF was 
detected in 76 (98.7%) of the children (average of 18.4 ±1.81 
permanent teeth affected). Grade TF2 was the most frequently 
observed (34.8%); TF5 was observed in all age groups; TF6-
TF7 were observed in 12-year-olds. No association was found 

between DF severity and DC (Odds Ratio (OR)=1.35; 95%CI: 
0.56-3.26) or MIH (OR=1.39; 95%CI: 0.43-4.46). DF severity 
was significantly associated with use of an indoor wood stove 
for food preparation (OR = 9.34; 95%CI: 1.11-78.57) and 
use of a pea-sized volume of toothpaste (OR = 27.42; 95%CI: 
1.57-477.36). Prevalence of DC was 38.1% and prevalence of 
MIH was 14.4%. In this population, the frequency of DF was 
high and severity was associated with use of an indoor wood 
stove for food preparation and toothpaste amount used during 
childhood. 
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RESUMEN
El objetivo de este estudio fue determinar la prevalencia y seve-
ridad de la Fluorosis Dental (FD) y la asociación de la severidad 
con factores de riesgo. Mediante un estudio transversal, niños 
(8-12 años-de-edad), nacidos en Ayapel (El Cedro-Colombia) 
fueron evaluados por 2 examinadores calibrados, según los cri-
terios del índice de Thylstrup y Fejerskov (TFI) para FD. Tam-
bién se evaluaron la Hipomineralización molar-incisiva (HMI) 
y la caries dental (CD). Se aplicó un cuestionario de factores de 
riesgo y estilo de vida, a los padres/responsables de los niños. 
Se utilizó un modelo de regresión logística ordinal (p<0.05). Se 
encontró FD en 76 (98.7%) niños (con una media de dientes 
permanentes afectados de 18.4 ±1.81). La severidad categoría 
TF2 fue la más observada (34.8%) en los dientes evaluados. 
Las lesiones que presentan pérdida estructural moderada TF 

6-7, fueron evidenciadas en el grupo de edad de 12 años. No 
se encontró asociación entre la severidad y la CD (OR=1.35; 
IC95%:0.56-3.26) o con HIM (OR=1.39; IC95%:0.43-4.46). 
Se encontró una asociación significativa con la severidad de 
la FD en los niños que utilizaban fogón de leña-interno para la 
preparación de los alimentos (OR=9.34; IC95%:1.11-78.57) y 
utilizaban un volumen de crema dental del tamaño de una al-
verja-pequeña (OR=27.42; IC95%:1.57-477.36). la prevalen-
cia de CD fue 38.1% y de HMI fue 14.4%. La frecuencia de la 
FD fue alta y la severidad mostró correlación con la utilización 
de fogón de leña interno para la preparación de los alimentos y 
la cantidad de crema-dental utilizada. 

Palabras clave: fluorosis dental - severidad - niños. 
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INTRODUCTION
Dental fluorosis (DF) is an endemic disease in various 
parts of the world1-3. Its etiology is directly related 
to an increased total amount of fluoride (F) ingested 
from various sources during the amelogenesis 
period4,5. Multiple sources of F have the potential 
to cause DF, including natural F, artificial F or F 
added to water, dental products, cooking salt, milk 
and dietary supplements, and exposures related to 
occupation or lifestyle. However, the intake of F in 
water is considered to be the main cause of DF5-7. 
There are other forms of DF in which other factors 
are involved; for example, in China, foods such as 
tea, corn, and chili cooked for a long time and at 
high temperatures in coal and mud stoves have been 
associated with DF1,3,8-10. Other parts of the world, 
such as India (64.3%)11, Nigeria (26.1–51.0%)12, 
Mexico (83.8%)13 and Brazil (8.53–80.4%)14, have 
low normal concentrations of F in water, but high 
prevalence of DF due to the artificial addition of 
F to the water. Other associated factors include 
the frequency of tooth brushing, the time elapsed 
between the emergence of the first tooth and the 
use of toothpaste15,16 and F added to common 
topical agents4,9. The varying socioeconomic, 
environmental, hydrochemical, and individual 
factors lead to differences in F exposure across 
countries, regions, and districts, and therefore to 
different degrees of severity of Dental Fluorosis. 
The increasing use of F as a caries-preventive agent 
in populations with different degrees of exposure 
to F has sparked controversies regarding the risk-
benefit and dosage of F, which warrant further 
research. The clinical and epidemiological diagnosis 
of DF could be monitored in different scenarios 
and subgroups of specific endemic communities or 
individuals who share the same conditions, lifestyle, 
and social and environmental settings. The endemic 
characteristics provide indications for DF severity 
and its association with demographic factors, oral 
hygiene habits, and individual child-related factors17. 
It is important to identify all of the risk factors as 
well as to detect the disease early, chiefly during 
primary dentition, to prevent fluorosis in permanent 
dentition18. Thus, clinical detection of fluorosis, 
identification of its causes and differential diagnosis 
are essential for the clinical management of affected 
patients. Epidemiological knowledge of the disease 
is important for determining actions to promote oral 
health and may contribute to preventing it in future 

generations. The aim of the present study was to 
identify the presence of dental fluorosis among 8- to 
12-year-old children and establish its severity and 
association with dental caries (DC), Molar Incisor 
Hypomineralization (MIH), medical/dental history, 
and factors related to lifestyle, in an isolated rural 
community where there is concern about DF and its 
severity.

MATERIAL AND METHODS
This study was designed following the STROBE 
(Strengthening the Reporting of Observational 
Studies in Epidemiology) guidelines as a cross-
sectional study on a sample of 77 children aged 
8 to 12 years in El Cedro (Northern Colombia). 
The population consisted of 929 inhabitants who 
have been covered since 1989 by the public health 
program in Colombia for the fluoridation of cooking 
salt (180–220 ppm). The area has an average water 
F concentration of 0.10 ppm, temperature 32.7°C, 
elevation above sea level 40 meters. It receives 
water from a natural well, does not have a municipal 
aqueduct for water treatment, and also has river 
access. Data were collected in August 2018. 
Subjects included in the study were 8- to 12-year-old 
children born in Ayapel in the El Cedro district, who 
had at least the first permanent molars and permanent 
upper and lower incisors erupted. Exclusion criteria 
were presence of syndromes linked to enamel 
malformations, dental enamel defects caused by 
trauma, and use of orthodontic appliances.
Among 220 children invited to participate in this 
study, 77 were examined. A total 143 children 
were not examined due to absence of permanent 
maxillary lateral incisors (12), not having parental 
informed consent (28) or absence from school on 
the examination day as a result of the geographic 
situation of the scattered population. The results are 
presented for 76 participants that had DF at the time 
of the clinical evaluation. Only one examined child 
did not present DF.
A post hoc power analysis determined that with a 
Type-I error rate = 5% and 40% controls exposed, 
the sample of 76 participants has statistical power 
≥80% for OR ≥2.3 (or OR ≤0.44).
The clinical evaluations were performed in a dental 
office equipped with artificial light and a suction, 
water and air system, using a dental mirror and 
periodontal probe, as recommended by the World 
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Health Organization (WHO). After cleaning and 
drying the teeth, the complete examination was 
conducted by two evaluators calibrated for the 
diagnosis of DF as primary outcome (intra-examiner 
kappa = 0.89; inter-examiner kappa = 0.87) according 
to the criteria proposed by Thylstrup and Fejerskov 
(TFI)19. Molar incisor hypomineralization (MIH) 
was diagnosed based on the criteria of the European 
Academy of Pediatric Dentistry (EAPD)20. Dental 
caries (DCs) in permanent teeth was evaluated 
using the DMFT index (decayed, missing, and filled 
teeth), following the WHO criteria21. Differential 
diagnosis with other non-fluorotic enamel opacities 
and white spots was based on the criteria proposed 
by Seow22 (Kappa> 0.85). For the inter-examiner 
calibration, 20 children from each age group were 
evaluated and 10 children were selected at random 
for intra-examiner calibration. The trained staff 
applied a semi-structured questionnaire to all 
children’s parents or guardians to assess economic 
factors, oral hygiene habits, and other individual 
factors and environmental aspects, for evaluation of 
the secondary outcome. 

Ethical approval 
This study was previously approved by the 
Institutional Committee for Research Ethics in 
Human Beings of the CES University (Medellín, 
Colombia) (Certificate No. 110-Code 718). 
Parents signed consent to approve their children’s 
participation. Children underwent psychological 
evaluation before parents signed the consent. 

Statistical analysis 
The data was processed in STATA program version 
16®  (College Station, TX). In the descriptive 
analysis, frequencies and percentages were used 
for categorical variables, while measures of central 
tendency and dispersion were used for quantitative 
variables. The results for DF are described according 
to Fejerskov et al.23. The factors associated with DF 
severity were analyzed by ordinal logistic regression. 
DF severity according to TF categories (TFI 0-9)19 

is an ordinal variable and was the response variable. 
We estimated crude Odds Ratios (OR) with simple 
regression models and adjusted OR with a multiple 
regression model. For adjustment estimations, 
variables with p <0.25 were included using the enter 
method. OR are presented with 95%CI and p values. 
According to the Hosmer-Lemeshow goodness-of-

fit test for ordinal logistic regression, the multivariate 
model presented in the results showed a good fit 
to the data (p=0.733). Additionally, a Pulkstenis-
Robinson test was performed for each variable to 
assess the assumption of proportionality of the 
Odds, obtaining positive results. 

RESULTS
This study evaluated 77 children between 8 and 12 
(10.2 ± 1.99) years of age in the El Cedro district. 
The prevalence of DF was 98.7%. The analysis 
included only the 76 children with DF (TFI ≥ 1). 
Distribution of the study population according to 
sex, age, TFI, DMFT, MIH, and other individual 
variables is presented in Table 1. The prevalence of 
DC was 38.1%. Mean DMFT was 0.82 (SD 1.27). 
The mean decay component was 0.38 (SD 0.81), 
and the filled component was 0.44 (SD 0.98).  No 
statistically significant difference in the prevalence 
of DF was observed between boys and girls (p = 
0.33). In these children, the maximum TFI was TF7, 
with TF3 (48.6%) being the most frequent, followed 
by TF2 (22.3%). 
Assessment of economic conditions revealed that 
72.37% of the children’s families did not receive a 
family income. The water used for food preparation 
was obtained through the faucet in their homes via 
a well (50%), and 44.74% used an outdoor wood 
stove.
With regard to distribution of teeth affected by DF 
according to age and severity (TFI)23 (Table 2), TF1–
TF3 were the most commonly observed grades at the 
tooth level, most frequently TF2 (34.8%). Lesions 
presenting TF5 loss of structure were observed in 
all age groups, while TF6–TF7 lesions were mainly 
seen in the teeth of children in the 12-year-old 
group. There was no association between increasing 
age and DF severity (p≥0.05). In this study, 18.4 ± 
1.81 permanent teeth were affected per child. 
Fig. 1 shows the proportions of affected teeth for 
each child according to the TFI scale 23. TF≥1, ≥2, 
≥3, ≥4, and ≥5 were observed in 98.78%, 89.59%, 
68.47%, 19.76%, and 17.11%, respectively, of the 
children examined. Likewise, 82.96% and 17.13% 
of the children had, in at least 50% of their teeth, 
TF≥1 and ≥3 respectively, and 26% had TF ≥5 in 
1.32% of their teeth. 
According to type of tooth, TF1 diagnosis was the 
most common in the upper and lower central and 
lower lateral incisors. TF2 diagnosis was the most 
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Table 1. Distribution of the characteristics of 8- to 12-year-old children with DF. El Cedro, Colombia, 2018

Variable n(%)

Sex
Male 37 (48.6)

Female 39 (51.3)

Age (years)

8 11 (14.4)

9 17 (22.3)

10 12 (15.7)

11 17 (22.3)

12 19 (25.0)

TF

1 7 (9.2)

2 17 (22.3)

3 37 (48.6)

4 2 (2.6)

5 11 (14.4)

6 1(1.32)

7 1 (1.32)

DMFT
0 47 (61.84)

≥1 29 (38.16)

MIH
0 65 (85.5)

>0 11 (14.4)

Start of brushing (age, years)
≤3 50 (65.79)

>3 26 (34.21)

Toothbrushing (times per day)

1 25 (32.89)

2 35 (46.05)

3 16 (21.05)

Toothpaste amount

Minimum 3 (3.95)

Small layer 25 (32.89)

Pea-sized volume 35 (46.05)

More than pea-sized volume 13 (17.11)

Toothpaste type

Children’s 34 (44.74)

Adult 38 (50.00)

Both 4 (5.26)

Swallows toothpaste
Yes 42 (55.26)

No 34 (44.73)

Milk type 

Mother’s milk 70 (92.11)

Infant formula 4 (5.26)

Cow’s milk 2 (2.64)

Water source
Aqueduct, untreated 38 (50.0)

Well 38 (50.0)

Oven type

Electric 6 (7.89)

Gas 21 (27.63)

Indoor, wood-fired 15 (19.75)

Outdoor, wood-fired 34 (44.74)

Family income 
No income 55 (72.37)

Minimum income 21 (27.64)

Abbreviations: TF, Thylstrup and Fejerskov criteria; DMFT, decayed, missing, and filled teeth; MIH, molar incisor hypomineralization
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frequent in the upper lateral incisors and permanent 
first molars. TF3 predominated in the permanent 
second molars. Comparisons of upper and lower 
arches showed a moderately strong correlation in 
severity between arches (rho = 0.693, p < 0.001) 
(Fig. 2).
The associations between the study variables and DF 
severity (maximum TFI score) among the children 
included in this study are presented in Table 3. The 
raw results of the bivariate analysis showed no 
difference in severity according to age (p = 0.65). 
While higher odds of severity were observed in boys 
than in girls (OR = 1.13; 95%CI: 0.49–2.63), the 
difference was not significant. No association was 
observed between DF severity and the presence of 

DC (OR = 1.35; 95% CI: 0.56-3.26) or MIH (OR 
= 1.39; 95%CI: 0.43–4.46); however, there were 
significant differences in children who brushed 
their teeth three times a day (OR = 4.05; 95%CI: 
1.22–13.44), children with families with minimum-
wage income (OR=2.95; 95%CI: 1.14–6.67), and 
those who used water from the well (OR = 2.76; 

Table 2. Frequency of teeth with DF, according to severity and age. El Cedro, Colombia, 2018.

 Classification of severity (Thylstrup and Fejerskov, 1988)23*

Age (years) TF1 TF2 TF3 TF4 TF5 TF6 TF7

  n (%) n (%) n (%) n (%) n (%) n (%) n (%)

8 52 (11.5) 33 (6.8) 39 (9.8) 1 (11.1) 2 (6.7) - -

9 89 (19.6) 77 (15.8) 60 (15.0) - 13 (43.3) 1 (8.3) -

10 67 (14.8) 86 (17.7) 68 (17.0) - 1 (3.3) - -

11 115 (25.4) 125 (25.7) 124 (31.1) 1 (11.1) 3 (10.0) - -

12 130 (28.7) 165 (3.0) 108 (27.1) 7 (77.8) 11 (36.7) 11(91.7) 9 (100.0)

Total n(%) 453 (32.4) 486 (34.8) 399 (28.5) 9 (0.6) 30 (2.2) 12 (0.9) 9 (0.6)

*TF1: soft white lines.
 TF2: small cloudy areas
 TF3: hazy areas of opacity and white lines
 TF4: entire surface has opacity (white limestone).
 TF5: opaque surface with rounded depressions less than 2 mm in diameter.
 TF6: small depressions fuse into opaque enamel, forming bands less than 2 mm in    vertical height, including canine fracture of vestibular 
enamel less than 2 mm.
TF7: loss of external enamel in irregular areas and less than half of the surface involved. The remaining intact enamel is opaque.

Fig. 1: Distribution curve of the cumulative frequency of the 
proportion of teeth per child according to Thylstrup and Fejer-
skov index score (TFI) ≥1, 2, 3, 4, and 5, respectively, in 8- to 
12-year-old children.

Fig. 2: Distributions of the percentages of teeth with dental flu-
orosis according to severity and dental arch. Upper and Lower 
permanent teeth.
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95%CI:1.14–6.67) and an indoor (OR = 9.62; 
95%CI: 1.58–58.50) or outdoor (OR = 5.68; 95%CI: 
1.10–29.33) wood stove for food preparation (p 
<0.05). When adjusting for multiple regression, only 
two variables explained DF severity: use of a pea-
sized volume of toothpaste (OR = 27.42; 95%CI: 
1.57–477.36) and use of an indoor wood stove for 

food preparation (OR = 9.34; 95%CI: 1.11–78.57, 
p <0.05).
Other perinatal variables, such as low birthweight, 
preterm delivery, jaundice, high fever, antibiotics 
taken by the child, medications in the mother, F 
supplements, and previous information on DF were 
not associated with DF severity (p ≥0.05). 

Table 3. Correlation of the children’s characteristics and dental fluorosis severity. El Cedro, Colombia, 
2018.

Variable Raw odds (95%CI) p-value
Odds  Adjusted 

(95%IC)
p-value

Sex
Female 1   1  

Male 1.13 (0.49–2.63) 0.77 0.93 (0.35–2.43) 0.88

Age   0.93 (0.69–1.27) 0.65    

DMFT
DMFT = 0 1      

DMFT ≥ 1 1.35 (0.56–3.26) 0.5    

MIH
MIH=0 1      

MIH>0 1.39 (0.43–4.46) 0.57    

Start of brushing 
(age, years)

≤ 3 1      

> 3 0.95 (0.39–2.29) 0.91    

Toothbrushing 
(times per day)

1 1   1  

2 1.20 (0.46–3.12) 0.71 0.74 (0.21–2.62) 0.65

3 4.05 (1.22–13.44) 0.02 2.45 (0.61–9.83) 0.2

Toothpaste 
amount

Minimum 1   1  

Smear 5.12 (0.55–47.51) 0.15 16.25 (0.94–278.21) 0.05

Pea-sized volume 7.36 (0.82–66.13) 0.08 27.42 (1.57–477.36) 0.02

More than a pea-sized 
volume 

2.86 (0.28–28.97) 0.37 12.52 (0.61–256.65) 0.1

Toothpaste type

Children’s 1   1  

Adult 0.49 (0.20–1.18) 0.11 0.29 (0.09–0.98) 0.046

Both 0.57 (0.10–3.34) 0.53 0.42 (0.05–3.48) 0.42

Swallows tooth-
paste

Yes 1      

No 0.89 (0.36–2.16) 0.79    

Milk type

Mother’s milk 1   1  

Infant formula 1.55 (0.25–9.81) 0.64 1.27 (0.12–13.10) 0.83

Cow’s milk 15.39 (0.57–418.93) 0.11
32.25 (0.76–

1360.74)
0.06

Water source
Aqueduct, untreated 1   1  

Well 2.76 (1.14–6.67) 0.02 1.89 (0.67–5.36) 0.22

Oven type

Electric 1   1  

Gas 4.84 (0.89–26.45) 0.07 2.36 (0.33–16.57) 0.38

Indoor, wood-fired 9.62 (1.58–58.50) 0.01 9.34 (1.11–78.57) 0.04

Outdoor, wood-fired 5.68 (1.10–29.33) 0.04 4.57 (0.73–28.25) 0.1

Family income 
No income 1   1   

With minimum income 2.95 (1.14–6.67) 0.03 2.83 (0.84–9.48) 0.09

Abbreviations: DMFT, decayed, missing, and filled teeth; MIH, molar incisor hypomineralization
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DISCUSSION
The prevalence of DF in this study population 
(98.7%) was greater than the overall prevalence in 
Colombia (62.15%)24; and similar to that in a recent 
report from another area of southern Colombia, 
which found that 98.2% of the children are affected 
according to TFI criteria25. 
Almost 100% of the 8- to 12-year-old children in 
this community had DF, a prevalence higher than 
those in other countries with fluoridated water, 
such as the USA (65.0%) 26, in endemic areas due 
to groundwater such as Kenya (86.0% in children 
under 14 years) 27, or in rural endemic areas of 
Brazil with similar climatic conditions to those in 
the present study (80.4%)14, Thailand (18.4%)16, and 
areas of Nigeria (11.3% of children 12 to 15 years 
old)12. 
This study classified the children according to the 
highest value of the 10-degree TFI severity scale23. 
TF3 score (of esthetic concern) was the most 
frequent, similar to the report by Gevera et al.27, but 
in contrast to Conway et al.28, who report a higher 
prevalence of TF1-TF2 in 7- to 9-year-old children, 
and Armas-Vega et al.29, who report a higher 
prevalence of TF2 in 10- to 12-year-old children. 
Comparisons of DF severity as mild, moderate, 
or severe should consider both the criteria used to 
measure DF and subject age. The severity in the 
present study was higher than in other reports using 
Dean’s criteria. In the USA, moderate and severe 
DF are observed in 28% and 2.6%, respectively, of 
children 12 to 15 years old26. In Nigeria, 9.25% of 
subjects have very mild, 1.25% mild, and 0.75% 
moderate lesions, with no report of severe DF 
lesions 12. In Thailand, 16.15% and 2.3% of children 
8 to 10 years old present very mild and mild lesions, 
respectively, with no severe lesions16. Bhagavatula 
et al.4 report mainly mild DF, with less than 1% of 
subjects having severe DF. 
No significant difference was found in the degree 
of severity between teeth in the upper and lower 
arches, in contrast to the study by Larsen et al. 30, 
who reports variability in the risk period for DF 
in the upper and lower jaw teeth when examined 
separately. Although Bhagavatula et al.4 did not 
measure individually, they report similar periods of 
development for each type of tooth in both arches.
Regarding severity according to tooth type, although 
the differences were not statistically significant, the 
findings of the present study show how the time of 

exposure to accumulated F and the time of tooth 
formation and mineralization4 can be reflected in the 
severity. In permanent teeth that erupt early, such 
as the central incisors of both arches and the lower 
lateral side (development in the first 4 years of life), 
there was a predominance of TF1 severity, followed 
by the upper lateral incisors and the first molar with 
predominance of TF2 and the second molars and 
premolars (development at 5-8 years of age) with 
TF3. However, other factors must be considered, 
such as the effect of abrasion and brushing on milder 
lesions and on teeth such as the central incisors that 
are most exposed, as well as other conditions at the 
time of clinical examinatio 4,31. 
Although we observed no significant relationship 
between DF severity and age and sex, among the 
few studies that have also analyzed the factors 
associated with severity, our findings are consistent 
with those published by Pontigo-Loyola et al.13, 
who report no association between severity and sex, 
and differ from those of Ferreira et al.14, who report 
an association between age and severity (p<0.05). 
Other studies present differences in the prevalence 
of DF according to sex29, while still others report 
no significant association between DF and age, sex, 
or socioeconomic status12. Considering economic 
situation, the population of the present study is 
vulnerable, with only 25.32% of the families 
receiving a minimum wage and with 3–7 individuals 
in 81.58% of the families. However, with the 
economic factor in this population treated as a 
constant, the bivariate analysis showed a correlation 
with minimum-wage family income ($247 USD), 
although the severity was explained by other 
variables (p = 0.09) in the adjusted analysis. Other 
studies report correlations between socioeconomic 
status and DF, observing a relationship between 
higher income and being able to afford to buy 
toothpaste and other topical fluorides16,28,29,32.
Among the statistically significant factors in the 
present study (p <0.05), the amount of toothpaste 
(pea-sized volume) used was associated with 
severity, though the use of more than a pea-sized 
volume did not present an association, but since its 
OR=12.52 was high, it was probably not significant 
because very few children used it (n=13).  These 
results should be interpreted with caution due to 
their low power. On the other hand, the OR of adult 
toothpaste seems to be protective. However, an OR 
below the unit does not always mean protection, 
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it could also be more prone to severity and in this 
population could be associated with other biological 
variables or biochemical components that were not 
considered in this study. 
Other variables such as starting tooth brushing before 
the age of 3 years, the frequency of brushing, the type 
of toothpaste and swallowing the toothpaste during 
childhood have been related to the prevalence of the 
DF in other studies4,6,15,26,29, although they were not 
related to the severity of the DF in the current study. 
Although 92.11% of the children in the present study 
had been breastfed, drinking cow’s milk was related 
to DF severity (p = 0.06 in the adjusted analysis). 
Other reports suggest that while cow’s milk has a low 
F content, the concentration can be increased with the 
use of infant formulas, processed foods and beverages 
with fluoridated water 26, as well as fluorinated salt.
In the present study, a correlation was observed 
between DF severity and children who received food 
prepared in an indoor wood stove in their homes. The 
study population uses fluoridated salt and 59.21% 
of families use between 1 and 2 tablespoons of salt 
when preparing food. The study population lives at 
an altitude of 40 meters above sea level and there 
was high prevalence of more severe DF than in 
populations from other areas at different altitudes. 
Food preparation and altitude are identified as risk 
factors in other studies; the latter, especially, may act 
as a modifying factor for the prevalence and severity 
of DF, although there is no solid evidence 3,10,13,33,34. 
Regarding food preparation, in some parts of China, 
Fawell et al.2 report high fluoride concentrations in 
indoor air as a result of the use of fluoride-rich coal for 
drying, curing and cooking food. Other studies report 
an increase in fluoride concentration when food and 
water are boiled for a long time and when boiled water 
is used for reconstituting infant formulas16,35.  This is 
often the case in communities that use indoor wood 
stoves. But again, there is little evidence in this regard. 

The lack of conclusive evidence for risk factors for 
DF or its severity is clear, indicating the need for 
further studies on larger samples15 to identify other 
factors that could modify or multiply the effect or 
exposure to F13,26. DF was found to be high in 8- to 
12 -year-old children in the population of El Cedro. 
There may be other explanatory factors that have not 
been studied in the area, including environmental 
sources, presence of metals or minerals, malnutrition 
or micronutrient deficiency, genetic factors and 
other sources of fluoride such as food, snacks and 
topical fluoride applications. 
This study has some limitations. A consequence 
of the low sample size is that the estimates of some 
confidence intervals of the OR are broad and the 
results should therefore be interpreted with caution. 
We had a low response rate (35%). El Cedro is a 
remote rural community with low accessibility, which 
explains school absences and the difficulty to obtain 
informed consent from parents. Moreover, there may 
be memory bias in parents’ answers to the questions on 
perinatal variables. The strength of the study was that 
all permanent teeth present were analyzed, individually 
and separately, in both arches. Despite research 
obstacles, characterizing DF and associated factors in 
this kind of community is highly relevant to provide 
information to support oral health improvements.

CONCLUSION
The rural community evaluated presented a high 
frequency of DF. The association between DF 
severity and the type of tooth provides evidence 
of the large window of susceptibility and its 
association with the accumulated exposure to F, with 
less involvement and lower severity in the lower 
incisors. The main factors related to DF severity in 
8- to 12- year-old children were the use of an indoor 
wood stove for food preparation and the amount of 
toothpaste used in childhood.
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