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Abstract

Background: Since 1973, in Finland, practically all children and adolescents have been and are treated in the Public
Dental Service (PDS). Since 2002, due to decreasing edentulousness, the PDS has been obliged to provide access also
for adults and elderly people needing care. Aim: The main aim of this study was to survey the use of dental services and
numbers of dental visits among 0-17-year-old Finnish children and adolescents and, specifically, to assess the tradition-
al oral health index scores (percentages of caries-free, mean d/D and dmft/DMFT values) in the index age groups of the
5-, 12-, and 17-year-olds in 2009. Additional aims were to compare caries prevalence between different regions and
between densely and sparsely populated areas, and to make comparisons with the situation six years earlier. Methods:
The triennial special survey data on the performance of the PDS in 2009 collected by the PDS chief dentists from muni-
cipal databases and patient records were analysed. The participating PDS units (health centres) covered 86% of those
under the age of 18 years in Finland. Data consisted of numbers of patients, types of dental visits, numbers of examined
and caries prevalence (% dmft/DMFT=0, mean d/D and dmft/DMFT) in the index age groups of 5-, 12-, and 17-year-
olds in each PDS unit. Chi-square, ¢-test, ANOVA and Bonferroni’s post hoc tests were used in the analyses. Results:
Most children and adolescents (70%) had made dental visits in 2009. Visits were more usual in the older (7-17 years;
76.8%) than the younger group (0-6 years; 55.3%). In comparison with earlier studies, the mean D (0.3) and DMFT val-
ues (0.7) in the 12-year-olds had improved considerably. However, the overall proportion of caries-free (26.0%) individ-
uals was lower than in 2003. Similar changes could be seen in the 5- and 17-year-olds. A small number of the young-
sters still had high mean DMFT values. Conclusions: Annual visits are no longer the standard procedure in children’s
and adolescents’ dental care and dental hygienists have taken over most of the work. Oral health was found to be on the
same good level as in the neighbouring Nordic countries. In this situation, a needs-based enrolment system and team-
work seem to be justified.
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Introduction
Although methods to prevent this transmittable dis-
ease are well known, dental caries continues to
affect large numbers of children and adolescents in
the industrialised countries. A further worry is that
its conservative treatment does not provide a per-
manent solution and once inserted, fillings tend to
need frequent replacement. Thus treatment per se
often tends to cause further treatment need during
the rest of an individual’s life. In Finland, a study
showed that the median functional period of com-
posite and glass-ionomer fillings in children’s and
adolescents’ permanent teeth was 2-3 years [1].
This makes caries an expensive disease to treat.
Much effort over a long period has been put into

caries prevention in the Public Dental Service
(PDS), with various attempts to improve oral
health-related behaviours in the population.

Since 1972, Finnish children and adolescents
have been offered oral health care by the tax-
financed PDS covering the whole country, sparsely
populated areas included. Examinations, all neces-
sary care, and preventive measures have been pro-
vided free of charge for those under the age of 18
years. This is one of the reasons why practically all
children and adolescents (99%) have used the pub-
lic services. Since the public scheme started, the
central authorities have collected information on
children’s and adolescents’ use of dental services
and their oral health status from the PDS [2].
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In the early years of the public scheme, sys-
tematic care and full annual coverage of children
and adolescents were emphasised and the PDS had
no major role in adult dental care. Thus, in the
1980s, about 90% of the 12-year-olds were seen in
the PDS every year. From 1975 to 1988, the nation-
al mean DMFT-value in the 12-year-olds fell from
6.9 10 2.0 [2]. A similar improvement has been seen
in the other Nordic and most Western European
countries [3]. In the 1990s, children’s and adoles-
cents’ oral health in Finland improved only slight-
ly. The national mean DMFT-value in 12-year-olds
stayed around 1.2 from 1994 to 2003 [4]. In 2002,
a major dental care reform [5] abolished the age
restrictions limiting adults’ use of the PDS and gen-
erated a need to make existing care provision more
efficient in order to meet the new and additional
requirement to treat adults as well as children and
adolescents.

It was not possible to monitor the effect of the
changes on the oral health of children and adoles-
cents in 2006 as organisational changes in the state
administration prevented the triennial monitoring
of care provision and caries data at a national level.
However, in 2010 it was possible again to collect
national data for the year 2009. From these data, it
has been a standard practice in Finland to calculate
the regional and national mean values of d/D and
dmft/DMFT and the proportions of caries-free indi-
viduals of all those examined (in the index age
groups of 5, 12 and 17 years of age) in all PDS
units. As long as most individuals in these groups
were examined annually throughout the country,
monitoring was easy. This is has not been the case
during the last 10-15 years as, according to a rec-
ommendation on individualised recall intervals for
children [6], those with poorest oral health should
be examined more frequently than the healthier
ones. Using the 2003 data, a survey [4] was con-
ducted to find out whether individual recall inter-
vals influenced the national mean indexes for caries
in 5-, 12-, and 17-year-olds. The study showed that
low examination rates were associated with slight-
ly poorer oral health. The examination-rate-adjust-
ed mean d/D- values indicated better oral health
than the traditional indices. This adjustment slight-
ly worsened oral health in proportions of caries-
free individuals, and had almost no effect on
dmft/DMFT-values. Overall, the influence was
modest. The high proportions of healthy children
that were still examined (against the recommenda-
tion) and the relatively small number of those hav-
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ing extensive disease (frequently examined as rec-
ommended) probably masked the influence of
examination rates on the indices in Finland and the
conclusion was that in longitudinal follow-up and
international comparisons, traditionally calculated
indices could be sufficiently valid [4]. Against this
background, the current study was performed.

Aim

The main aim of this study was to survey the use of
dental services and numbers of dental visits among
0-17-year-old Finnish children and adolescents
and, specifically, to assess the traditional oral
health index scores (percentages of caries-free,
mean d/D and dmft/DMFT values) in the index age
groups of the 5-, 12-, and 17-year-olds in 2009.
Additional aims were to compare treatment rou-
tines and caries prevalence between different
regions and between densely and sparsely populat-
ed areas and to make comparisons with the situa-
tion six years earlier.

Methods

Data from the latest available triennial national sur-
vey on the performance of the PDS in 2009 were
analysed. The data were collected from the 194
municipal PDS units’ databases and patient records
by the units’ chief dentists. Sufficient data were
provided by 154 PDS units, giving a participation
rate of 79.4%. In 2009, the total number of 0-17-
year-olds in Finland was 1,088,456. The data pro-
vided by the 154 PDS units covered 931,864 in
these age groups (85.6%).

The national survey data used in this study con-
sisted of the total numbers of 0-5-year-olds, 6-17-
year-olds, and 0-17-year-olds living in the uptake
area of the PDS units as well as the total numbers of
children in the index age groups for caries monitor-
ing, the 5-, 12-, and 17-year-olds (Table I). In addi-
tion, the data consisted of numbers of children and
adolescents who had made a dental visit (to a dentist,
specialist dentist, dental hygienist, or a dental nurse),
and the number of visits.

Those who had received treatment with ortho-
dontic appliances were registered separately. In the
index age groups, numbers of those examined with
complete dental status recorded by a dentist or a den-
tal hygienist were available. From them, the follow-
ing data were collected:

e Numbers caries-free (dmft/DMFT=0).

e Numbers of decayed teeth (d/D) and sums

of dmft/DMFT-values.
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Table 1. Numbers of participating PDS units (health centres) and numbers of children and youngsters in
different age groups living in the individual PDS uptake areas in 2009 by geographical areas (county)

County South West East Mid- Lapland Aland | Total
North Islands

PDS units (n) 30 62 26 19 16 1 154

Children and youngsters in the index age groups

Age (years)
5 19,141 17,865 4,755 | 5,491 1,756 286 49,294
12 19,927 19,684 5,716 | 5,420 2,045 320 53,112
17 21,049 22,860 6,454 | 5,830 2,423 347 58,963

All children and youngsters

Age (years)
0-5 116,949 106,492 28,182 | 34,975 10,447 1,771 298,816
6-17 238,724 | 233,602 66,023 | 66,075 24,709 3,915 633,048
0-17 355,673 340,094 94,205 | 101,050 | 35,156 5,686 931,864

e Mean values of decayed teeth (d/D), and
mean dmf/DMFT-values in each municipal
PDS unit.

A child or an adolescent was defined to be
caries-free when all of his/her deciduous/perma-
nent teeth were sound and there were no fillings. A
tooth was defined as decayed (d/D) when there was
a caries lesion needing restorative care i.e., had
caries into dentine. Caries experience was indicat-
ed by dmft/DMFT values and the Significant
Caries (SiC) index [7]. Enamel caries was not
recorded. The PDS units were grouped in geo-
graphical areas: 1=South, 2=West, 3=East, 4=Mid-
North, 5=Lapland, and 6=Aland Islands.

The traditional method to define the national
values of d/D and dmft/DMFT and the proportions
of caries-free was used to calculate a ratio of the

sums of each index value from each local PDS unit
added together divided by the sum of all those
examined. Data analyses were performed using sta-
tistical software (Microsoft Office Excel; Microsoft
Corporation, Redmond, W.A., U.S.A.). ANOVA,
chi-square and #-test were used to test differences
between groups. When ANOVA showed signifi-
cant differences between several groups,
Bonferroni’s post hoc test was used to point out the
groups that differed from each other.

Results

Dental visiting patterns

The study indicated that overall 69.9% of the chil-
dren and adolescents under the age of 18 years had
visited the PDS in 2009. Dental visits were more

Table 2. Numbers of children and youngsters and proportions (%) of the total populations (see Table 1)

having had a dental visit in 2009 by age group and by geographical area (county)

County South West East Mid- Lapland | Aland PA Total
North Islands
0-5-year-olds
n 56,517 67,713 | 16,056 17,747 | 6,296 985 165,314
% 48.3 63.6 57.0 50.7 60.3 55.6 <0.01 55.3
6-17-year-olds
n 171,360 | 186,301 | 51,278 54,395 | 19,842 3,194 486,370
% 71.8 79.8 77.7 82.3 80.3 81.6 >(0.05 76.8
0-17-year-olds
n 227,877 | 254,014| 67,334 72,142 | 26,138 4,179 651,684
% 64.1 74.7 71.5 71.4 74.3 73.5 <0.05 69.9

PA; one-way ANOVA

Bonferroni correction: 0-5-year-olds: South/West P<0.01. 0-17-year-olds: South/West P<0.01, South/Lapland P<0.05
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usual (76.8%) in the older age group (6-17-year-
olds) than in the younger group (55.3%) (Table 2).
In the southern region, the proportion of children
(64.1%) seen by dental personnel (a dentist, dental
hygienist, or a dental nurse) was significantly lower
than in the other counties (Table 2). Of the 6-17-
year-olds, 12.6% had made visits for orthodontic
treatment. Unsurprisingly, in the younger age
group orthodontic visits were not common (0.3%).

The 0-5-year-olds had had on average slightly
more than one visit (1.3) and those in the older age
group 3.1 visits. Regionally, the mean numbers of
visits varied less in the younger than in the older
age group. Highest mean numbers of visits were
found in Mid-North (Table 3).

Examinations

Slightly more than half of the 5-year-olds (53.5%),
60.6% of the 12-year-olds, and 37.0% of the 17-
year-olds had been examined during 2009. Most

examined children were found in Aland Islands,
where the percentages examined ranged from 61.1
% for 17-year-olds to 80.6% for 12-year-olds, and
least in Mid-North, where the percentages exam-
ined ranged from 29.8% for 17-year-olds to 58.4%
for 12-year-olds. The 12-year-olds group was the
one that was examined most comprehensively
(coverage highest) (Table 4).

Dental health

Just over a third (39.2%) of the 5-year-olds, a quar-
ter (26.1%) of the 12-year-olds, and 7.3% of the 17-
year-olds who had had an examination provided by
a dentist or dental hygienist in 2009 were caries-
free (Table 5). In all age groups, Aland Islands had
the highest and Mid-North the lowest proportions
of caries-free individuals. In the oldest age group,
the proportion of caries-free individuals was low in
all regions (Table 5).

Table 3. Total numbers and mean numbers of dental visits among those who had had a dental visit in 2009
by age group and geographical area (county)

County South West East Mid- Lapland | Aland pPA Total
North Islands
0-5-year-olds
n 72,607 86,198 | 20,470 | 24,008 | 8,557 1,183 213,023
mean 1.3 1.3 1.3 1.4 1.4 1.2 <0.01 1.3
6-17-year-olds
n 521,144 | 580,953 | 146,617 | 181,134 | 58,669 7,540 1,496,057
mean 3.0 3.1 2.9 3.3 3.0 2.4 <0.05 3.1
0-17-year-olds
n 593,751 | 667,151| 167,087 | 205,142 | 67,226 8,773 1,709,130
mean 2.6 2.6 2.5 2.8 2.6 2.1 <0.01 2.6

PA; one-way ANOVA

Bonferroni correction: 0-5-year olds: South/Lapland P<0.05, West/Lapland P<0.01

Table 4. Numbers of children and youngsters examined (dental health status recorded) in the index age
groups and proportions (%) of the total populations by geographical areas

County South West East Mid- Lapland | Aland PA Total
North Islands
5-year-olds
n 9,680 10,347 | 2,767 2,351 1,022 176 26,343
% 50.5 57.8 58.2 42.8 58.1 61.5 >(0.05 53.5
12-year-olds
n 11,476 12,606 | 3,413 3,167 1,260 258 32,180
% 57.6 64.6 59.7 58.4 61.6 80.6 >(0.05 60.6
17-year-olds
n 7,589 9,273 2,030 1,735 976 212 21,815
% 36.1 40.6 31.5 29.8 40.3 61.1 >0.05 37.0
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Table 5. Numbers and proportions (%) of caries-free children and youngsters in the index age groups in
2009 by geographical area (county)

County South West East Mid- Lapland | Aland pPA Total
North Islands
5-year-olds
n 7,692 7,534 1,965 1,389 622 140 19,342
% 40.2 42.2 41.3 25.3 354 49.0 <0.05 39.2
12-year-olds
n 4,438 5,584 1,625 1,486 575 136 13,844
% 22.3 28.4 28.4 27.4 28.1 42.5 >(.05 26.1
17-year-olds
n 1,305 1,908 518 249 248 47 4,275
% 6.8 8.4 8.0 43 10.2 13.5 <0.05 7.3

PA; one-way ANOVA

Bonferroni correction: 5-year-olds: East/Mid-North P<0.05, Mid-North/Lapland P<0.05. 0-17-year-olds: West/Mid-North

P<0.05, Mid-North/Lapland P<0.05

Table 6. Total numbers and mean numbers of decayed teeth (d/D) in the index age groups in 2009 by geo-
graphical area (county)

County South West East Mid- Lapland | Aland pPA Total
North Islands
5-year-olds
n 3,498 4,066 1,047 1,897 451 102 11,061
mean 0.2 0.2 0.2 0.4 0.3 0.4 >0.05 0.2
12-year-olds
n 4,640 5,588 1,271 2,132 704 102 14,376
mean 0.2 0.3 0.2 0.4 0.3 0.1 >0.05 0.3
17-year-olds
n 7,796 10,408 | 2,245 2,599 1,197 128 14,376
mean 04 0.5 0.4 0.5 0.5 0.4 >(0.05 0.4

PA; one-way ANOVA

Mean numbers of decayed teeth were low in all
age groups (Table 6) and the differences between
the local areas were small and not statistically sig-
nificant. Also, the mean dmft/DMFT index values
were low in all age groups and there were differ-
ences between North and South. Only a few PDS
units (31; 20.1%) had been able to give information
on the SiC index with the intention of focusing
attention on those individuals with the highest
caries scores in each age group. In those PDS units
that provided this information, the SiC index was
two to three times higher than the mean
dmft/DMFT value (Table 7).

Differences between PDS units
The variation between local PDS-specific mean
dmft/DMFT values was great, as illustrated in
Table 8. The caries prevalence was statistically sig-
nificantly higher in the smallest rural municipalities
than in the biggest cities (Table 9).
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Table 8. Mean dmft and DMFT in 31 PDS units
with lowest and 31 with highest index values

Lowest 31 | Highest 31
Mean Mean P!
Age (years)
5 dmft 0.1 0.8 <0.05
12 DMFT 0.3 1.3 <0.05
17 DMFT 0.8 2.9 <0.05
Pt t-test

Comparison with the previous survey

Numbers and proportions of children examined in
the index age groups had decreased over the last six
years. The proportion of caries-free individuals had
dropped considerably. However, dental health
measured with the d/D and dmft/DMFT indices had
improved in all age groups (Table 10).
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Table 7. Total numbers and mean numbers of dmft/ DMFT values and the SiC index in the index age
groups in 2009 by geographical area (county). Numbers of PDS units having been able to give the SiC
index indicated separately

County South West East Mid- Lapland | Aland P Total
North Islands
5-year-olds
n 4,925 5,750 1,677 2,568 742 124 15,786
mean dmft 0.3 0.3 0.4 0.5 0.4 0.4 <0.5PA 0.3
12-year-olds
n 11,234 14,367 | 3,651 4,658 1,610 194 35,714
Mean DMFT | 0.6 0.7 0.8 0.9 0.8 0.6 <0.05PA | 0.7
17-year-olds
n 23,208 33,291 | 7,272 7,639 3,906 674 75,990
mean DMFT 1.1 1.5 1.1 1.3 1.6 1.9 <0.05PA | 1.3
5-year-olds
SiC index 0.6 0.9 0.8 0.7 0.9 0.8
PDS units (n) | 1 8 4 9 9 <0.01X 31
12-year-olds
SiC index 0.3 1.3 1.5 1.5 1.8 1.3
PDS units (n) | On 17 3 7 4 >().05X 31
17-year-olds
SiC index 3.1 2.8 3.0 2.6 33 2.9
PDS units (n) | 1 17 5 4 4 >0.05X 31

i pot included

PA; one-way ANOVA; X chi-square test

Bonferroni correction: 5-year-olds: South/Mid-North P<0.5; 12-year-olds: South/Mid-North P<0.05; 17-year-olds:
South/West P<0.01

Table 9. Mean dmft and DMFT in the PDS units (health centres) of the ten biggest cities and the
ten smallest (rural) municipalities

Biggest cities Mean Min Max
5-year-olds dmft 0.3 0.1 0.5
12-year-olds DMFT 0.6 0.3 1.1
17-year-olds DMFT 1.0 0.5 1.9
Smallest PDS units Mean Min Max
5-year-olds dmft 0.6 0.6 1.4
12-year-olds DMFT 1.4 0.5 2.9
17-year-olds DMFT 2.3 0.5 4.4
P; t-test <0.05 <0.05 <0.05
Table 10. Comparison with the special survey conducted in 2003 [4]
Examined Caries-free d/D dmf/DMF
(%) (%) (mean) (mean)

5-year-olds

2003 62.0 72.7 0.6 0.9

2009 53.5 39.2 0.3 0.3
12-year-olds

2003 70.0 45.7 0.6 1.3

2009 60.6 26.1 0.3 0.7
17-year-olds

2003 47.7 25.9 1.2 4.0

2009 37.0 7.3 0.4 1.3
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Discussion

Monitoring the performance of the dental care provi-
sion system has been considered important in Finland
and the triennial special surveys in the PDS have
played a central role in this process. In recent years,
each year, about 70% of the children and adolescents
and slightly more than 50% of the adults have made
a dental visit (half of the adults have visited the PDS
and the other half private services). Although in both
sectors, dental visits have become more usual in the
older age groups (50+ years), adults’ use of dental
services is still much lower than in the other Nordic
countries [8]. In the PDS, the numbers of children
seen and treated have slightly decreased along with a
decrease in caries prevalence. Now, slightly less than
half of the patients in the PDS are children and ado-
lescents. Monitoring caries incidence and prevalence
in these groups is thus nationally important and,
according to literature [9], this will also international-
ly remain an indispensable part of dental public
health. The World Health Organization (WHO) con-
tinues publishing global oral health data on 12-year-
olds, and the Council of European Chief Dental
Officers regularly updates data on this age group in
European countries. International comparisons have
been considered as interesting and politically impor-
tant and are frequently used when setting health polit-
ical goals.

In an earlier study in Finland, assessments of
oral health made by PDS dentists and trained epi-
demiologists who examined the same children were
compared and found to be satisfactorily similar, espe-
cially in larger settings [10]. Uniform instructions on
(simple) diagnostic criteria to be used are given to the
PDS by the health authorities and there is a long tra-
dition of monitoring oral health in children. In addi-
tion, specific codes are used to record every treatment
procedure, including examinations, in the PDS.
These codes are used to pay dentists additional pro-
ductivity fees based on treatments provided. This
may also encourage careful recording.

Clinical, epidemiological studies on random
samples of youngsters are often recommended as the
gold standard for monitoring oral health.
Unfortunately, such studies require special arrange-
ments and separate financing. Collecting data (on non
life-threatening conditions) in connection with care
provision is considered to be a more feasible way in
countries where children and youngsters have organ-
ised care and are actively invited for examinations. In
all the Nordic countries, statistical information on
children’s use of oral health services and oral health
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is collected regularly from the PDS. Most of these
countries use index age groups, usually the 5- or 6-
year-olds, 12-year-olds and 17-, 18-, or 19-year-olds,
depending on the extent of free care. Although indi-
vidual recall intervals are practised in Finland, a
recent study showed that practically all children have
been seen during a three-year period [11]. The
authors therefore suggest that the data presented in
this paper can thus be regarded as sufficiently reliable
and the results can be generalised over the whole
country. Data on the periodontal status of all patients
seen in the PDS are collected using the Community
Periodontal Index (CPI). However, because, over the
last two decades, several studies have highlighted the
deficiencies of the Community Periodontal Index of
Treatment Need (CPITN) and more recently the CPI
and questioned their value as reliable epidemiologi-
cal tools [12], no data on the periodontal health of 0-
17-year-olds in Finland are presented in this paper.

Slightly more than half of the 0-5-year-olds and
two-thirds of the 6-17-year-olds had made a dental
visit in 2009. Most dental visits, especially in the
youngest age group, were likely to have been made to
dental hygienists. In order to realise the ambitions of
the recent dental care reform in 2002 aiming to
improve access to care for the adult population [5],
teamwork has been emphasised in the PDS and more
dental hygienists have been employed. Today,
Finland is one of the five EU member states with the
highest proportion of dental hygienists:dentists [13].

In the older age group (6-17-year-olds), about
one in ten had made orthodontic visits and they
tended to be many which in part explains the rela-
tively high mean number of visits made by this
group. In Finland, there is a tradition that ordinary
PDS dentists provide quite a lot of orthodontic
treatment [14].

The examination rates varied between the
index age groups. The youngest and especially the
oldest were examined less often than the 12-year-
olds, the age group that has traditionally been used
as the main reference group in national and interna-
tional monitoring. The lower examination rate for
5-year-olds may be explained by the fact that this
age group was not going to school in Finland and it
was not easy to reach pre-school-aged children.
The 17-year-olds were also more difficult to recall,
as some no longer went to school.

Mean numbers of decayed teeth were low in all
age groups. Also, the mean dmft/DMFT values
were considerably lower than in the previous study
in 2003. Regional differences were still significant
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and Southern Finland, with its relatively wealthier
and more highly-educated population, showed the
best results. Partly for historical reasons, in all
Nordic countries dental care and oral health are
worse in the North [15]. The small, Swedish-speak-
ing, wealthy autonomous area, the Aland Islands,
were also shown to have low caries prevalence.

Comparisons between large urban and small
rural as well as “the best and the worst” PDS units
showed some large differences between individual
health centres. This may reflect true inter-municipal-
ity differences in oral health, as has been seen in
Denmark [16], or differences in use of radiographic
assessment and diagnostic criteria. The most surpris-
ing finding in this study was the low proportions of
caries-free (DMFT=0) in all age groups. The individ-
ualised recall intervals probably explain most part of
this finding [4] but there might be other reasons e.g.,
sealant restorations or fissure sealants.

Compared with data on 12-year-olds in the
other Nordic countries, caries prevalence in Finland
seems to be on a similar good level as in Denmark
and Sweden, except that in Finland in 2009 there
was a lower percentage of caries-free individuals in
this age group [8]. There are several EU member
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Conclusions
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work seem to be justified.
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