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Abstract

Introduction

The aims of this study were to assess the prevalence of dental caries and the DMFT index,

as well as the distribution pattern of pit and fissure sealants on permanent teeth in a Portu-

guese sample of adolescents, and to assess whether the existing usage of sealants and

socio-demographic factors are correlated to caries prevalence on the examined sample.

Materials and Methods

A cross-sectional study was designed with a sample of 447 adolescents aged 12 to 18

years old, attending a public school in Sátão, Portugal. A self-administered questionnaire

with questions about oral health behaviours and socio-economic status was answered by

adolescents in the classroom. Clinical examination of oral health status and assessment of

fissure sealants were accomplished by only one trained member of the research team.

Results

We obtained a DMFT index of 3.32 (2.92), which indicates a moderate level of prevalence

of dental caries. When considering a DMFT = 0, we found significant statistical differences

between the parents´ level of education (� 4th grade = 26.3 vs 5th–12th grade = 18.8 vs

<12th grade = 43.3, p = 0.001), gender (male = 27.3 vs female = 19.6, p = 0.04), age (�15

years = 27.1 vs<15 years = 18.5, p = 0.02), presence of fissure sealants (yes = 30.6 vs

no = 13.5, p = 0.001) and experience of dental pain (no = 25.4 vs yes = 16.8, p = 0.02).

When analyzing the prevalence of fissure sealants, we verified that 58.8% of adolescents

had at least one fissure sealant applied. Significant statistical differences were found when

analyzing the presence of fissure sealants related with parents´educational level (<9th

grade, OR = 1.56 CI95% = 1.05–2.54), gender (female, OR = 1.86 CI95% = 1.19–2.98),
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experience of dental pain (yes, OR = 0.62 CI95% = 0.39–0.97) and presence of dental car-

ies (yes, OR = 0.35 CI95% = 0.19–0.65).

Conclusions

The moderate level of caries prevalence reveals the need of improvement of primary pre-

vention interventions among Portuguese adolescents. The establishment of a more tar-

geted preventive program with better and more effective oral health education is essential,

having into account socio-demographic aspects.

Introduction
In the last decades the World Health Organization (WHO) has dedicated special attention to
oral health and the prevalence and causes of oral diseases, namely dental caries and periodontal
diseases, and, most recently, oral cancer.[1]

The risk of development of oral diseases, namely dental caries and periodontal diseases, is
strongly related with lifestyle habits. Health-promoting lifestyles include infrequent sugar con-
sumption, toothbrushing effectively and regularly at least twice a day, daily use of dental floss
and visiting a dentist regularly to prevent and detect oral diseases in an early stage. Most re-
searchers also believe that oral health knowledge and parents’ attitudes mostly determine and
promote children’s oral health behaviour.[1–3]

One of the most important oral health indicators used in epidemiological studies is the de-
cayed, missing and filled permanent teeth index (DMFT index) developed by Klein and Palmer
in 1937.[4,5]

After obtaining the DMFT index, it is possible to determine the level of severity of dental
caries in the study sample: very low (DMFT index between 0.1 and 1.1); low (DMFT index be-
tween 1.2 and 2.6); moderate (DMFT index between 2.7 and 4.4); high (DMFT index between
4.5 and 6.5) and very high (DMFT index higher than 6.5).[1]

In Portugal, dental healthcare is mainly provided by the private sector. In the past years, sev-
eral oral health programs have been developed in order to finance the dental treatments of the
poorer socioeconomic status to compensate the very low number of dental appointments in
the public sector (health centers and hospitals). The oral health programs are mainly addressed
to children and adolescents, focusing mainly on primary prevention with the application of
fluoride products and fissure sealants in the dental appointment.[6,7]

Pits and fissures on occlusal surfaces of permanent teeth are particularly susceptible to the
development of dental caries. This susceptibility to dental caries is related with the individual
morphology of the tooth´s pits and fissures, which can be prosperous shelters for microorgan-
isms and make the hygiene procedures of these areas more difficult, allowing greater plaque ag-
gregation.[8] Consequently, with a view to preventing dental caries, fissure sealant application
is recommended if pits and fissures are very deep and narrow, thus creating a physical barrier
for the plaque's accumulation in these specific anatomical areas of the tooth.[9] This primary
prevention measure is highly recommended to prevent dental caries formation, but also to con-
trol and arrest the development of incipient dental caries.[10,11] Fissure sealants are used
mostly as a primary preventive measure in dental medicine.[12]

Fissure sealants are considered to be an effective and economical method for dental caries
primary prevention, so it has been integrated in oral health community programs.[10,13–15]
However, a study developed by Martin et al. (2013) concludes that dentists may be underusing
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fissure sealants, even when knowing that a fissure sealant is effective and has positive effects on
the prevention of oral diseases.[16]

The aim of this study was to assess the prevalence of dental caries and the DMFT index, as
well as the distribution pattern of pit and fissure sealants on permanent teeth (molars and pre-
molars) in a Portuguese sample of adolescents, and to assess whether the existing usage of seal-
ants and sociodemographic factors are correlated to caries prevalence on the examined sample.

Materials and Methods
A non-probabilistic convenience sampling of 447 adolescents aged between 12 and 18 years
old, attending a public school in Sátão, Portugal, was enrolled in this epidemiological observa-
tional cross-sectional study that was carried out from September to December of 2012. The
studied sample represents the entire school group of the area, and 88.6% of its pupils were en-
rolled in the study. Questionnaires without information about gender and age were excluded
from the study as well as the adolescents whose parents did not sign the informed consent be-
fore data collection.

A self-administered questionnaire with questions about sociodemographic variables, social
and daily habits and oral health behaviours was filled out by adolescents in the classroom.
Sociodemographic variables such as gender (male/female), age, school grade at the moment of
the study, residence area (living in a village near the town of Sátão was considered rural area
and living in the town of Sátão was considered urban area), parents´ educational level (choos-
ing the higher educational level between father and mother) and father´s professional situation
(employed/unemployed) were determined. Oral health behaviours were assessed by question-
ing adolescents about their ideas on their own oral health, the frequency of toothbrushing per
day, time spent toothbrushing (in minutes), period of the day that each adolescent tooth-
brushed, daily use of dental floss, having a dental appointment in the last 12 months and the
reason of the last dental appointment, if he or she had experienced at least one episode of den-
tal pain during their lives, if adolescents were afraid of going to the dentist, if they knew what
was a fissure sealant and if their dentist had ever applied fissure sealants during a dental ap-
pointment and finally if they frequently consumed sugary beverages or soft drinks.

Clinical examination of oral health status was carried out according to the WHO criteria to
determine the prevalence of dental caries and the DMFT index.[17] Teeth were clinically exam-
ined with dental instruments by using visual-tactile method with the use of a dental mirror and
a probe for cavitation detection only (approved by the WHO for caries diagnosis) and took
place in the classroom under standardized conditions recommended by the WHO.[17] Cotton
rolls and gauze were available to remove moisture and plaque when necessary. Data collection
of the adolescent´s oral health status was registered by only one trained calibrated dentist/
researcher.

The recorded variables of the clinical examination were caries experience, using the DMFT
as oral health indicator, which consists in the sum of teeth decayed, teeth missing due to dental
caries and teeth filled for each analyzed adolescent. The presence of fissure sealants was also as-
sessed by clinical examination and, if present, each tooth was classified considering the follow-
ing classification:

1. Completely intact fissure sealant;

2. Infiltrated fissure sealant without dental caries;

3. Infiltrated fissure sealant with dental caries;

4. Partial fissure sealant, without dental caries;
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5. Partial fissure sealant, with dental caries.

Data analysis was carried out using the Statistical Package for Social Sciences (SPSS 18.0 ver-
sion). Prevalence was expressed in proportions and crude odds ratio (OR) with 95% confidence
intervals (CI) was used to measure the strength of association between variables. Proportions
were compared by the Chi-square test and continuous variables by the Kruskal-Wallis and
Mann-Whitney tests. The significance level established the inferential statistics was 5%
(p<0.05). A multivariate analysis—logistic regression—was applied for analysis of the associa-
tion between variables.

This research involving human data has been performed in accordance with the Declaration
of Helsinki and was submitted and approved by the Ethics Committee of the Research Centre
for Education, Technology and Health Studies of the Polytechnic Institute of Viseu, Portugal
(CI&DETS).

The information collected by the questionnaires was provided voluntarily and confidential-
ly. The anonymity of the information collected was guaranteed by telling adolescents not to
sign their names or write down any other form of identification in any part of the question-
naire. Data collection taken into account only considered the answers given by adolescents
whose parents signed an informed consent that explained the objectives of the study. After col-
lection, questionnaires were numbered, stored and processed by computer. The results do not
make reference to adolescents’ names or contain any information that may identify any of
the participants.

Results
The final sample was composed by 447 adolescents, 38.3% male and 61.7% female, all between
the age of 12 and 18 years old, from a public school of Sátão, Portugal. When analyzing the pa-
rents’ educational level, we can verify that 4.3% have parents that only attended school up to
the 4th grade of the primary school, 53.5% attended school from the 5th to the 12th grade and
15.0% had access to a higher education degree after finishing the 12th grade. The analysis of the
distribution of the sample by residence area indicates that the majority live in rural areas
(65.3% vs 34.7%) (Table 1).

The DMFT index obtained in this study was 3.32 (2.92). We obtained a mean of 0.99 (1.72)
for the decayed component of the index, 0.10 (0.40) for the missing component and 2.23 (2.37)
for the filled component.

Out of the total sample, we verified by intra-oral examination that 61.0% of the adolescents
did not present any dental caries at the moment of the observation, 92.6% did not lose any
tooth due to dental caries and 66.5% had at least one filled tooth due to dental caries. Only
22.6% presented a DMFT = 0, which indicates the prevalence of adolescents who never had
dental caries.

When analysing the DMFT by participant, we verified that 22.6% present a DMFT = 0,
34.2% DMFT between 1 and 3 and 43.2% higher than 4.

This study showed that females had a higher DMFT than males. But a lower prevalence of
dental caries at the moment of data collection as 59.9% indicated that female adolescents were
free of dental caries, while for the male fraction of the sample this value was 40.1%.

When associating the presence of dental caries according to the sample and sociodemo-
graphic variables we can verify that the prevalence of dental caries was lower among adoles-
cents whose parents had a higher level of education (>9th grade, OR = 0.42 CI95% = 0.25–
0.72) and among those who live in an urban area (urban, OR = 0.69 CI95% = 0.41–1.15), and
higher among adolescents whose father was unemployed (unemployed, OR = 1.16 CI95% =
0.51–2.65), female gender (female, OR = 1.54 CI95% = 0.97–2.45) and older (>15 years,
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OR = 1.87 CI95% = 1.06–3.29). When considering a DMFT = 0, we found significant statistical
differences between parents´ level of education (� 4th grade = 26.3 vs 5th-12th grade = 18.8 vs
>12th grade = 43.3, p = 0.001), gender (male = 27.3 vs female = 19.6, p = 0.04) and age (�15
years = 27.1 vs>15 years = 18.5, p = 0.02) (Table 2).

When associating the presence of dental caries and oral health behaviours, dental pain and
fissure sealant application, it is possible to verify that the prevalence of dental caries was lower
among adolescents who toothbrushed more frequently (� twice a day, OR = 0.89 CI95% =
0.46–1.71) and those to whom fissure sealants had been applied (yes, OR = 0.35 CI95% = 0.19–
0.65). The prevalence of dental caries was higher among adolescents who had experienced at
least one episode of toothache during their lives (yes, OR = 1.68 CI95% = 0.98–2.84). When
considering a DMFT = 0, we found significant statistical differences between adolescents with
and without fissure sealants applied to their teeth during intraoral examination (yes = 30.6 vs
no = 13.5, p = 0.001) and when associated with the variable experience of dental pain
(no = 25.4 vs yes = 16.8, p = 0.02) (Table 3).

When questioning adolescents if they knew what a fissure sealant was, only 28.9% referred
knowing what fissure sealants were and only 15.5% knew if their dentist had applied any on
them in a past dental appointment.

When analyzing the prevalence of fissure sealants, we verified that 58.8% of adolescents had
at least one fissure sealant applied. As shown in Table 4, from our total sample, we observed
830 teeth sealed, in which 63.3% were completely intact, 11.3% infiltrated but still without

Table 1. Sample characterization.

Male Female Total

N % N % N %
171 38.3 276 61.7 447 100.0

Age

12 31 18.2 27 9.8 58 13.0

13 29 17.0 38 13.8 67 15.0

14 18 10.5 34 12.3 52 11.6

15 28 16.4 27 9.8 55 12.3

16 16 9.4 34 12.3 50 112

17 16 9.4 29 10.5 45 10.1

18 33 12.3 87 24.3 120 26.6

Grade

7 34 19.9 26 9.4 59 13.4

8 26 15.2 38 13.8 64 14.3

9 19 11.1 33 12.0 52 11.6

10 30 17.5 38 13.8 68 15.2

11 19 11.1 32 11.6 51 11.4

12 44 25.2 109 39.4 153 34.1

Parents´educational level

� 4 grade 3 2.0 16 6.9 19 4.3

5–12 grade 105 61.4 134 48.6 239 53.5

> 12 grade 30 17.5 37 13.4 67 15.0

Without information 33 19.1 89 31.1 122 27.2

Residential area

Rural 100 58.5 192 69.6 292 65.3

Urban 71 41.5 84 30.4 155 34.7

doi:10.1371/journal.pone.0121299.t001
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dental caries, 1.6% infiltrated but with the presence of dental caries, 23.5% with a partial fissure
sealant but without dental caries and only 0.3% with a partial fissure sealant with dental caries
present on the tooth surface.

Through the analysis of the distribution of fissure sealants in different teeth groups we
could verify that from the 830 identified fissure sealants, 20.0% were applied on the upper mo-
lars, 27.7% on the upper premolars, 27.6% on the lower molars and 24.7% on the lower premo-
lars. These results lead us to conclude that there is an equal distribution of fissure sealants
among teeth (Table 5).

When associating the presence of fissure sealants with sociodemographic variables, experi-
ence of dental pain and presence of dental caries, we can verify that the prevalence of fissure
sealants was higher among adolescents whose parents had a higher level of education (>9th

grade, OR = 1.56 CI95% = 1.05–2.54), females (female, OR = 1.86 CI95% = 1.19–2.98), older
adolescents (>15 years, OR = 1.44 CI95% = 0.82–2.53) and adolescents living in an urban area
(urban, OR = 1.44 CI95% = 0.84–2.49). The prevalence of fissure sealants was lower among ad-
olescents whose father was unemployed when the data collection took place (unemployed,
OR = 0.94 CI95% = 0.43–2.09), that had experienced dental pain (yes, OR = 0.35 CI95% =
0.19–0.65) and with dental caries (yes, OR = 0.35 CI95% = 0.19–0.65). Significant statistical dif-
ferences were found when analyzing the presence of fissure sealants related with parents´edu-
cational level, gender, experience of dental pain and presence of dental caries.

After adjustment by non-conditional logistic regression for sociodemographic variables,
oral health behaviors (toothbrushing, daily use of dental floss and dental appointments) and
experience of dental pain, the findings of the present study demonstrate that dental caries is as-
sociated with fissure sealant application (OR = 0.09 95%CI = 0.03–0.3).

Table 2. Prevalence of DMFT (per individual) and association with sociodemographic variables.

DMFT = 0 DMFT = 1 to 3 DMFT �4

N % N % N % p

Parents´educational level

� 4th grade 5 26.3 3 15.8 11 57.9 0.001

5–12 grade 45 18.8 89 37.2 105 43.9

>12 grade 29 43.3 21 31.3 17 25.4

Total 79 24.3 113 34.8 133 40.9

Father´s professional situation

Employed 70 23.6 102 34.5 124 41.9 0.5

Unemployed 8 21.1 17 44.7 13 34.2

Total 78 23.3 119 35.6 137 41.1

Gender

Male 44 27.3 52 32.3 65 40.4 0.04

Female 51 19.6 92 35.4 117 45.0

Total 95 41.3 144 32.7 182 26.0

Age

� 15 years 62 27.1 88 38.4 79 34.5 0.02

> 15 years 32 18.5 51 29.5 90 52.0

Total 94 23.4 139 34.6 169 42.0

Residence area

Rural 56 19.9 97 34.5 128 45.6 0.1

Urban 39 27.9 47 33.6 54 38.6

Total 95 22.6 144 34.2 182 43.2

doi:10.1371/journal.pone.0121299.t002
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Discussion
In 2008, the General Health Directory of Portugal presented the last nationwide study of the
prevalence of oral diseases. In that study, the DMFT index among adolescents aged 12 and 13
years was 1.48 and 3.04 respectively. The prevalence of dental caries increased with age and
was also higher among the poorer socioeconomic classes.[7]

In this study we obtained a moderate level of prevalence of dental caries, with a higher num-
ber of filled teeth in comparison with the decayed and missing component of the DMFT index
applied. This situation indicates that most of the adolescents have had, during their lives, dental

Table 3. Prevalence of DMFT (per individual) and association with oral health behaviours, experience of dental pain and fissure sealant
application.

DMFT = 0 DMFT = 1 to 3 DMFT �4

N % N % N % p

Toothbrushing

< 2 times/day 11 28.9 9 23.7 18 47.4 0.3

� 2 times/day 83 22.1 133 35.4 160 42.6

Total 94 22.7 142 34.3 178 43.0

Daily dental floss

No 87 21.9 135 34.0 175 44.1 0.3

Yes 8 36.4 8 36.4 6 27.3

Total 95 22.7 143 34.1 181 43.2

Dental appointment (last 12 months)

No 38 27.3 39 28.1 62 44.6 0.1

Yes 57 20.5 102 36.7 119 42.8

Total 95 22.8 141 33.8 181 43.4

Fear of dental appointment

No 70 24.1 105 36.2 115 39.7 0.06

Yes 8 16.3 14 28.6 27 55.1

Total 78 23.0 119 35.1 142 41.9

Experience of dental pain

No 72 25.4 99 34.9 113 39.8 0.02

Yes 23 16.8 45 32.8 69 50.4

Total 95 22.6 144 34.2 182 43.2

Fissure sealants

No 17 13.5 37 29.4 72 57.1 0.001

Yes 55 30.6 69 38.3 56 31.1

Total 72 23.5 106 34.6 128 41.9

doi:10.1371/journal.pone.0121299.t003

Table 4. Assessment of the integrity of fissure sealants.

N %

Completely intact fissure sealant 526 63.3

Infiltrated fissure sealant without dental caries 94 11.3

Infiltrated fissure sealant with dental caries 13 1.6

Partial fissure sealant, without dental caries 195 23.5

Partial fissure sealant, with dental caries 3 0.3

Total 830 100.0

doi:10.1371/journal.pone.0121299.t004
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appointments for dental caries treatment. These results demonstrate the improvement in oral
healthcare registered in Portugal in the last years in which children and adolescents have easier
access to dental appointments. However, the oral health indicators show the need of continu-
ous improvement mainly towards primary prevention, specifically better oral hygiene habits.
[6,7]

This can be obtained if oral health education initiatives are introduced in school programs,
so that students and their families will be able to understand the importance of adequate oral
hygiene habits, a balanced diet with less sugary food intake, beverage consumption and regular
dental appointments. Another study developed by Barata et al. (2013) in another city of the
central region of Portugal, obtained a DMFT index of 4.05 in adolescents with ages between 12
and 19. These results indicate the need of improvement in oral health behaviours among ado-
lescents of this specific region of the country.[18] In Spain, a survey developed by Almerich
Silla et al. (2006) indicates a caries prevalence of 55.9% among 15–16 year olds, but a DMFT
index of 1.84. In this case, we can verify a higher caries prevalence, but a lower DMFT index
when compared with the results obtained in this study.[19]

The prevalence of dental caries was highly associated with sociodemographic factors such as
parents´ educational level. This association has been identified in several studies in which a
lower socioeconomic status is not only associated with a higher risk of oral disease develop-
ment, but also with worse oral health behaviours.[20–22]

Dental pain was also highly associated with higher levels of DMFT, which is also identified
in various studies, and demonstrates that many adolescents have a dental appointment only in
an emergency situation and maintain untreated dental caries.[23]

This study also showed that females had a higher DMFT than males, but a lower prevalence
of dental caries at the moment of data collection. This demonstrates the higher care that female
adolescents have on their oral health when compared with males. The higher rate of oral health
care among females can also be justified by the existence of a higher prevalence of fissure seal-
ant application among the females in comparison with males.[24,25] The fear of dental ap-
pointment was associated with lower application of fissure sealants, which can be explained by
the lower frequency of routine check-up dental appointments. Studies show that adolescents
and children that do not regularly visit a dentist do have a higher risk of dental caries develop-
ment, failing, thus, the application of primary preventive measures that could prevent the ap-
pearance and development of dental caries and other oral diseases.[26,27]

The application of fissure sealants is associated with the higher risk of oral disease develop-
ment and higher levels of DMFT. This can be explained by the fact that adolescents do not
have proper access to adequate primary prevention methods. The correlation between dental
caries and fissure sealants may be explained by the fact that adolescents with more dental caries
and less fissure sealants are those that do not have regular dental appointments and do not ben-
efit from the Portuguese oral health program that also includes the application of fissure seal-
ants in permanent molars and premolars as a primary prevention method.[28] A study

Table 5. Assessment of the distribution of fissure sealants, by teeth groups.

N %

1st and 2nd upper molars 166 20.0

1st and 2nd upper premolars 230 27.7

1st and 2nd lower molars 229 27.6

1st and 2nd lower premolars 205 24.7

Total 830 100.0

doi:10.1371/journal.pone.0121299.t005

Dental Caries and Fissure Sealants among Adolescents

PLOS ONE | DOI:10.1371/journal.pone.0121299 March 24, 2015 8 / 12



developed by Oulis et al. (2011) revealed that only 8.0% of Greek adolescents had at least one
sealed molar, and the presence of fissure sealants was associated with a lower risk of dental car-
ies prevalence.[29]

The application of fissure sealants is also associated in this study with parents´ educational
level which is the main variable that permits the establishment of a significant statistical associ-
ation between the application of primary prevention methods and socioeconomic status.
Therefore, economic variables appear to be one of the reasons for the absence of fissure sealants
among adolescents.[16,30,31]

When analysing the application of fissure sealants, we verify that less than one third of the
adolescents know what a fissure sealant is. Several adolescents refer not knowing what a fissure
sealant is, but do have fissure sealants applied to their own teeth. This can be justified by the
fact that some adolescents do not understand what is being applied to their teeth during a den-
tal appointment. Moreover, dentists do not always explain the treatment that is being done and
the importance of the application of fissure sealants accurately. This reveals a low knowledge
level of the definition and importance of primary prevention among adolescents and their fam-
ilies.[32] It is important to refer that 37.7% of the observed fissure sealants were not completely
intact and were at risk of developing dental caries. Studies conclude that an infiltrated or a par-
tial fissure sealant, when not detected early, can permit the development of dental caries under
the reminiscent fissure sealant.[33, 34] This may occur because the majority of adolescents do
not visit a dentist at least twice a year in order to reassess applied fissure sealants.[35]

Studies conducted by Griffin et al. (2010) analyzed dental caries risk in teeth with partially
or totally lost sealants when compared to those that have never been sealed. The authors con-
cluded that sealed teeth (either with completely or partially lost sealants) showed no greater
risk of developing dental caries, when compared to those which have never been sealed. These
results were conflicting and suggest a heightened concern because partially lost sealants may
retain food debris and increase the risk of dental caries development.[36]

When considering fissure sealants, the earlier the application, the more effective they are.
Therefore, in children fissure sealants are recommended to be applied soon after tooth erup-
tion, mainly at the level of the first permanent molars.[8,37] Studies have shown that fissure
sealants applied both in clinics and in schools, are highly effective in preventing dental caries,
reducing caries in pits and fissures up to 60% for 2 to 5 years after its implementation.[38] A re-
assessment of fissure sealants should be held annually, not exceeding 12 months between den-
tal appointments, for children and adolescents at high risk of developing dental caries.
However, it is appropriate to reassess and reapply the fissure sealant within 6 months, in the
particular cases of patients with high risk of developing dental caries and with insufficient oral
health behaviors.[39]

In this specific population, the application of fissure sealants is an important complement of
primary prevention because in Portugal there is no water fluoridation and the application of
fluoride gel and varnish is not a common primary prevention treatment applied in dental med-
icine practice nowadays. This situation is verified in both urban and rural areas. However, pre-
vious studies have proven the use of fluoride toothpaste during daily oral hygiene by children
and adolescents.[6,7]

In order to increase the knowledge of oral health behaviors and the application of primary
prevention methods, more studies should be developed in Portugal nationwide to increase
sample size and to better understand the reality of the Portuguese population. It is important
to understand the determinants and distribution of oral diseases, but it is also important to
identify the population with worse oral health behaviors in order to aim oral health education
programmes towards the most problematic communities.
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The application of primary preventive methods, namely fissure sealant application, in the
dental appointment, complemented with oral health education, will certainly decrease the fi-
nancial impact of oral treatments in the population and will guarantee a decrease in the risk of
oral disease development during adulthood.

Conclusions
The moderate level of caries prevalence devised in this study reveals the need of improvement
as far primary prevention interventions among Portuguese adolescents are concerned. Oral
health has improved in the last years in Portugal, especially among children and adults. How-
ever, the establishment of a more targeted preventive program with better and more effective
oral health education is essential, bearing in mind sociodemographic aspects, with a special
focus on adolescents and families with a lower socioeconomic status. The application of fissure
sealants should be complemented with oral health education, in order for children, adolescents
and their families to assimilate adequate oral hygiene habits and understand the need of regular
dental appointments for primary prevention and early diagnosis of oral diseases.

Acknowledgments
The authors are deeply indebted to the researchers that participated in the development of this
study and data collection phase: Prof. Odete Amaral, Prof. Claudia Chaves, Prof. Paula Nelas,
Prof. Manuela Ferreira, Dr. Marco Baptista and Dr. Inês Coelho. We thank Prof. Adriana Mar-
tins for the English language review of this manuscript. We also thank the teachers and stu-
dents of the School Group of Sátão, Portugal, for the participation and important contribution
to this study.

Author Contributions
Conceived and designed the experiments: CMP. Performed the experiments: NJV. Analyzed
the data: NJV. Contributed reagents/materials/analysis tools: CMP PCF IJC. Wrote the paper:
NJV CMP PCF IJC.

References
1. World Health Organization. TheWorld Oral Health Report 2003. Continuous improvement of oral health

in the 21st century—the approach of theWHO global oral health programme. Geneva: WHO; 2003.
doi: 10.1111/j.1600-0528.2008.00448.x PMID: 19552318

2. Okullo I, Astrom A, Haugejorden O. Influence of perceived provider performance on satisfaction with
oral health care among adolescents. Community Dent Oral Epidemiol. 2004; 32(6):447–55. PMID:
15541160

3. Qiu R, Wong M, Lo E, Lin H. Relationship between children´s oral health-related behaviors and their
caregiver´s sense of coherence. BMC Public Health. 2013; 13:239. doi: 10.1186/1471-2458-13-239
PMID: 23510355

4. Cortelli S, Cortelli J, Prado J, Aquino D, Jorge A. DMFT in school children relate to caries risk factors.
Cienc Odontol Bras 2004; 7(2):75–82.

5. Klein H, Palmer C. Dental caries in American Indian children. Public Health Bull. 1937; 239:1–53.

6. Almeida C, Petersen P, André S, Toscano A. Changing oral health status of 6- and 12-year-old school-
children in Portugal. Community Dent Health. 2003; 20:211–6. PMID: 14696739

7. General Health Directory. National Study of Prevalence of Oral Diseases. Lisbon: General Health Di-
rectory; 2008.

8. Axelsson P. Preventive Materials, Methods and Programs. 1st ed. Slovakia: Quintessence Books;
2004.

9. Daniel S, Harfst S, Wilder R, Francis B, Mitchell S. Mosby´s Dental Hygiene: Concepts, Cases and
Competencies. 2nd ed. St. Louis, USA: Mosby Elvesier; 2008.

Dental Caries and Fissure Sealants among Adolescents

PLOS ONE | DOI:10.1371/journal.pone.0121299 March 24, 2015 10 / 12

http://dx.doi.org/10.1111/j.1600-0528.2008.00448.x
http://www.ncbi.nlm.nih.gov/pubmed/19552318
http://www.ncbi.nlm.nih.gov/pubmed/15541160
http://dx.doi.org/10.1186/1471-2458-13-239
http://www.ncbi.nlm.nih.gov/pubmed/23510355
http://www.ncbi.nlm.nih.gov/pubmed/14696739


10. Pereira A. Odontologia em Saúde Colectiva. São Paulo: Artmed Editora; 2003. doi: 10.1002/lsm.
20758.Laser PMID: 19347940

11. Rose G. Sick individuals and sick populations. Reiteration. Int J Epidemiol. 2001; 30:427–32. PMID:
11416056

12. Tellez M, Gray S, Gray S, Lim S, Ismail A. Sealants and dental caries: dentists' perspectives on evi-
dence-based recommendations. J Am Dent Assoc. 2011; 142(9):1033–40. PMID: 21881070

13. O´Mullane D, Clarkson J, Holland T, O`Hickey S, Whelton H. Children´s Dental Health in Ireland. Dub-
lin, Ireland: Stationery Office; 1986.

14. Leskinen K, Ekman A, Oulis C, Forsberg H, Vadiakas G, Larmas M. Comparision of the effectiveness
of fissure sealants in Finland, Sweden and Greece. Acta Odontol Scand. 2008; 66:65–72. doi: 10.1080/
00016350801926933 PMID: 18446546

15. Baldini V, Tagliaferro E, Ambrosano G, Meneghim C, Pereira A. Use of occlusal sealant in a community
program and caries incidence in high- and low-risk children. J Appl Oral Sci. 2011; 19(4):396–402.
PMID: 21710092

16. Martin L, Castano A, Bravo M, Tavares M, Niederman R, Ogunbodede E. Dental sealant knowledge,
opinion, values and practice of Spanish dentists. BMCOral Health. 2013; 13:12. doi: 10.1186/1472-
6831-13-12 PMID: 23394363

17. World Health Organization. Oral Health Survey—Basic Methods. Geneva: WHO; 2003.

18. Barata C, Veiga N, Mendes C, Araujo F, Ribeiro O, Coelho I. DMFT and oral health behaviours assess-
ment in a sample of adolescents of Mangualde. Rev Port Estomatol Med Dent Cir Maxilo Fac. 2013; 54
(1):27–32.

19. Almerich Silla J, Montiel Company J. Oral health survey of the child population in the Valencia Region
of Spain (2004). Med Oral Patol Oral Cir Bucal. 2006; 11(4):E369–81. PMID: 16816825

20. Julihn A, Barr Agholme M, Grindefjord M, Modéer T. Risk factors and risk indicators associated with
high caries experience in Swedish 19-year-olds. Acta Odontol Scand. 2006; 64:267–73. PMID:
16945891

21. Sistani M, Yazdani R, Virtanen J, Pakdaman A, Murtomaa H. Determinants of oral health: does oral
health literacy matter? ISRN Dentistry. 2013:Article ID 249591.

22. Vettore M, Moysés S, Sardinha L, Iser B. Socioeconomic status, toothbrushing frequency, and health-
related behaviors in adolescents: an analysis using the PeNSE database. Cad Saúde Pública. 2012;
28:S101–13.

23. Ravaghi V, Quinonez C, Allison P. Oral pain and its covariates: findings of a Canadian population-
based study. J Can Dent Assoc. 2013; 79:d3. PMID: 23522141

24. Poutanen R, Lahti S, Seppa L, Tolvanen M, Hausen H. Oral health-related knowledge, attitudes, be-
havior, and family characteristics among Finnish schoolchildren with and without active initial caries le-
sion. Acta Odontol Scand. 2007; 65:87–96. PMID: 17453426

25. Peres M, Peres K, Barros A, Victoria C. The relation between family socioeconomic trajectories from
childhood to adolescence and dental caries and associated oral behaviors. J Epidemiol Community
Health. 2007; 61:141–5. PMID: 17234873

26. Murthy A, Pramila M, Ranganath S. Prevalence of clinical consequences of untreated dental caries and
its relation to dental fear among 12–15 year old schoolchildren in Bangalore city, India. Eur Arch Pae-
diatr Dent. 2014; 15(1):45–9. doi: 10.1007/s40368-013-0064-1 PMID: 23835899

27. Crocombe L, Broadbent J, ThomsonW, Brennan D, Poulton R. Impact of dental visiting trajectory pat-
terns on clinical oral health and oral health-related quality if life. J Public Health Dent. 2012; 72:36–44.
doi: 10.1111/j.1752-7325.2011.00281.x PMID: 22316176

28. Jablonski-Momeni A, Winter J, Petrakakis P, Schmidt-Schäfer S. Caries prevalence (ICDAS) in 12-
year-olds from low caries prevalence areas and association with independent variables. Int J Paediatr
Dent. 2014; 24(2):90–7. doi: 10.1111/ipd.12031 PMID: 23551190

29. Oulis C, Berdouses E, Mamai-Homata E, Polychronopoulou A. Prevalence of sealants in relation to
dental caries on the permanente molars of 12 and 15-year-old Greek adolescentes. A national pathfind-
er survey. BMC Public Health. 2011; 11:100. doi: 10.1186/1471-2458-11-100 PMID: 21320343

30. Ayo-Yusuf O, Okagbare T, Ayo-Yusuf I. Prevalence and socio-economic disparities in fissure sealant
placement among adolescents in the Limpopo Province, South Africa. SADJ. 2011; 66(8):380–3.
PMID: 23477270

31. Sagheri D, McLoughlin J, Clarkson J. The prevalence of dental caries and fissure sealants in 12 year
old children by disadvantaged status in Dublin (Ireland). Community Dent Health. 2009; 26(1):32–7.
PMID: 19385438

Dental Caries and Fissure Sealants among Adolescents

PLOS ONE | DOI:10.1371/journal.pone.0121299 March 24, 2015 11 / 12

http://dx.doi.org/10.1002/lsm.20758.Laser
http://dx.doi.org/10.1002/lsm.20758.Laser
http://www.ncbi.nlm.nih.gov/pubmed/19347940
http://www.ncbi.nlm.nih.gov/pubmed/11416056
http://www.ncbi.nlm.nih.gov/pubmed/21881070
http://dx.doi.org/10.1080/00016350801926933
http://dx.doi.org/10.1080/00016350801926933
http://www.ncbi.nlm.nih.gov/pubmed/18446546
http://www.ncbi.nlm.nih.gov/pubmed/21710092
http://dx.doi.org/10.1186/1472-6831-13-12
http://dx.doi.org/10.1186/1472-6831-13-12
http://www.ncbi.nlm.nih.gov/pubmed/23394363
http://www.ncbi.nlm.nih.gov/pubmed/16816825
http://www.ncbi.nlm.nih.gov/pubmed/16945891
http://www.ncbi.nlm.nih.gov/pubmed/23522141
http://www.ncbi.nlm.nih.gov/pubmed/17453426
http://www.ncbi.nlm.nih.gov/pubmed/17234873
http://dx.doi.org/10.1007/s40368-013-0064-1
http://www.ncbi.nlm.nih.gov/pubmed/23835899
http://dx.doi.org/10.1111/j.1752-7325.2011.00281.x
http://www.ncbi.nlm.nih.gov/pubmed/22316176
http://dx.doi.org/10.1111/ipd.12031
http://www.ncbi.nlm.nih.gov/pubmed/23551190
http://dx.doi.org/10.1186/1471-2458-11-100
http://www.ncbi.nlm.nih.gov/pubmed/21320343
http://www.ncbi.nlm.nih.gov/pubmed/23477270
http://www.ncbi.nlm.nih.gov/pubmed/19385438


32. Ravera E, Sanchez G, Squassi A, Bordoni N. Relationship between dental status and family, school
and socioeconomic level. Acta Odontol Latinoam. 2012; 25(1):140–9. PMID: 22928394

33. Topalogu A, Riza A. Effect of saliva contamination on microleakage of three different pit and fissure
sealants. Eur J Pediatr Dent. 2010; 11(2):93–6.

34. Parnell C, O'Farrell M, Howell F, Hegarty M. Evaluation of a community fissure sealant programme in
County Meath, Ireland. Community Dent Health. 2003; 3:146–52. PMID: 12940304

35. Feigal R. The use of pit and fissure sealants. Pediatr Dent. 2002; 24:415–22. PMID: 12412955

36. Griffin S, Gray S, Malvitz D, Gooch B. Caries risk in formerly sealed teeth. J Am Dent Assoc. 2010; 10
(6):7–16.

37. Borges B, Borges J, Braz R, Montes M, Pinheiro I. Arrest of non-cavitated dentinal occlusal caries by
sealing pits and fissures: a 36-month, randomised controlled clinical trial. Int Dent J. 2012; 62:251–5.
doi: 10.1111/j.1875-595X.2012.00117.x PMID: 23106838

38. Truman B, Gooch B, Sulemana I, Gift H, Horowitz A, Evans C, et al. Reviews of evidence on interven-
tions to prevent dental caries, oral and pharyngeal cancers, and sports-related craniofacial injuries. Am
J Prev Med. 2002; 23(1 suppl):21–54. PMID: 12091093

39. Irish Oral Health Services Guideline Initiative. Pit and Fissure Sealants: Evidence-based guidance on
the use of sealants for the prevention and management of pit and fissure caries. 2010. Available: http://
ohsrc.ucc.ie/html/guidelines.html2010

Dental Caries and Fissure Sealants among Adolescents

PLOS ONE | DOI:10.1371/journal.pone.0121299 March 24, 2015 12 / 12

http://www.ncbi.nlm.nih.gov/pubmed/22928394
http://www.ncbi.nlm.nih.gov/pubmed/12940304
http://www.ncbi.nlm.nih.gov/pubmed/12412955
http://dx.doi.org/10.1111/j.1875-595X.2012.00117.x
http://www.ncbi.nlm.nih.gov/pubmed/23106838
http://www.ncbi.nlm.nih.gov/pubmed/12091093
http://ohsrc.ucc.ie/html/guidelines.html2010
http://ohsrc.ucc.ie/html/guidelines.html2010


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


