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Prevalence and polarization of dental caries among young, healthy
adults: Cross-sectional epidemiological study
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Abstract

Objective. Oral health of young people has improved in the industrialized countries during past decades. However, stagnation
of this progress has been reported recently. The main aim of this epidemiological study was to investigate the level of
cariological treatment history and need (DMFT, DT) and polarization of dental caries among a healthy young male population
born in the early 1990s. Materials and methods. Oral health of 13,564 men and 255 women born in 1990, 1991 or 1992 was
screened based on the WHO criteria for epidemiological studies by 15 calibrated dentists in 20 garrisons (of a total 24) of the
Finnish Defence Forces in January and July 2011. Mean DMFT and DT (SD) values and their distribution were calculated
excluding wisdom teeth. Polarization was investigated using the Lorentz analysis. Results. Mean DMFT, DT and FT values
were DMFT =4.1 (SD=4.2), DT =1.4 (SD=2.5)and FT =2.7 (SD =2.9). Almost half of the men (45.1%) and one third of
the women (37.3%) had at least one tooth needing restorative treatment. About 30% of the conscripts had 90% of all caries
lesions and ~ 10% of the conscripts had half of all lesions. Conclusions. Oral health of young males has not improved since the
previous study among conscripts 15 years ago. Polarization of dental caries still exists. About half of the young male population
still has manifested dental caries. Oral health promotion must not be neglected, even in countries with low caries prevalence.
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Introduction past decades. More processed foods, take-away-type
of meals and beverages are consumed than ever before

Oral health of young people has significantly [7]. This kind of a diet can be defined by high intake of

improved in the industrialized countries during past
decades [1]. The decline in caries prevalence has
mainly been believed to be due to frequent use of
fluoride toothpaste and other topical fluoride pro-
ducts [2]. Recently this decline, however, has shown
signs of leveling or even deterioration, particularly in
terms of childhood caries [3,4].

Conventional methods, such as removal of plaque
with fluoride toothpaste and restriction of sugar con-
sumption, still play an important role in caries control
[5,6]. However, dietary habits of young people in
particular have undergone changes worldwide during

refined carbohydrates, added sugars and fats [7].
Brushing teeth twice a day is a common habit among
the young in most European countries. However,
tooth brushing frequency of young people, and espe-
cially boys and men, in Finland has remained among
the lowest in Europe. Less than half of them brush
their teeth twice a day [8]. Such dietary and oral
hygiene habits may cause a threat to the oral health
of young adults.

At the beginning of the 1990s, oral health of the
young in Finland had reached, and even exceeded,
the goal set by WHO (DMF <2 for 12-year-olds) [3].
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Therefore, the individual recall system was applied at
public health clinics instead of comprehensive, regu-
lar dental check-ups. A weak associaton has been
reported between prolonged check-up intervals and
caries prevalence [9]. In the early 1990s, the eco-
nomic recession caused a reduction in resources of
the public health services, and this reduction was
mainly targeted at health promotion.

In Finland, military service is obligatory for men
and voluntary for women under 28 years, unless they
have any physical or mental disability preventing the
military service. Around 25 000 young adults enter
the service annually. The military service attendance
rate is by far the highest in Finland compared to other
countries: 79% of the males in each age cohort com-
plete their service [10], therefore comprising an excel-
lent study group for epidemiological studies. All
conscripts have an obligatory general health inspec-
tion during their first week of military service, and an
oral health examination is a part of it. In earlier
decades, Finnish conscripts’ oral health has been
widely studied by Ankkuriniemi [11] in 1979 and
Ladré [12] in 1999 in their doctoral theses. Conscripts
have been used as study groups for cariological studies
also elsewhere [13-18].

Marthaler [1] in his article on caries prevalence
during the past five decades expressed the need for
continuous epidemiological research on dental caries
prevalence. This study aims to meet that need by
investigating the level of cariological treatment history
and need (DMFT, DT) among the healthy young
male population born in the early 1990s. This study
group was born during the time of economic recession
and limited resources in oral health. They also faced
in their teens changes in dietary culture towards
snacking. Another aim was to study if polarization
of dental caries among the study population still
exists. Recent reports on oral health indicate stagna-
tion in improvement of children’s oral health [3,4].
Our hypothesis is that oral health among young males
in Finland has deteriorated compared with the results
of a study conducted in the late 1990s among a similar
study group [12] and polarization has become weaker.

Materials and methods

This epidemiological cross-sectional study was
designed in the spring of 2010 and carried out in
20 garrisons health centers (of a total 24) of the
Finnish Defence Forces in January and July 2011.
Four garrisons were excluded from the study because
of the outsourced dental services. However, those
garrisons were small, the total number of conscripts
serving in them not exceeding 400.

The protocol was piloted in summer 2010 and has
been reported [19]. The screening of the conscripts’
oral health was carried out as a part of the obligatory
general health inspection during the conscripts’ first
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week in the military service. All the dentists working in
the Defence Forces, a dentist conscript doing his
military service and two external researchers (AK
and TT, both DDS) (z = 15) carried out the oral
health examinations.

A representative sample of the entire group of
draftees in 2011 was achieved by examining all con-
scripts in 15 garrisons and every fifth conscript in
alphabetical order in the five largest garrisons. The
study sample was randomized in the five biggest
garrisons because of the limited manpower resources
for examinations. No one refused, because the clinical
examination is obligatory.

All the dental units at the garrison dental clinics
were used for the examinations. The dental unit light
was used for the examination as well as a probe and an
oral mirror. The aim of the oral examination was to
record the cariological treatment need of each con-
script according to the 1997 criteria for epidemiolog-
ical studies by WHO [20], excluding wisdom teeth,
and following the protocol of the Defence Forces
[19]. In borderline cases, the trainees were advised
to choose the alternative representing a more severe
option. The Mildoc® computer program of the Finn-
ish Defence Forces was used to record the oral find-
ings. Recording findings was carried out by a dental
assistant.

The dentists performing the examinations were
trained and calibrated at two full-day sessions in
November 2010 and June 2011. To ensure that all
examiners would have similar knowledge, brush-
up lessons were given during the training on the signs
of activity and the depth of caries lesions by their
clinical appearance. The lessons were available to the
examiners throughout the field study on the website
of the Institute of Dentistry, University of Oulu,
designed for this purpose. Following the lessons,
and to practice their diagnostic skills, the dentists
determined the treatment need for 30, previously
photographed and radiographed, extracted teeth
with a variety of caries lesions using the WHO criteria.
The same teeth were used in the calibration sessions
in November 2010 and June 2011. The photographs
and radiographs of the teeth were presented to the
trainees as a Power Point presentation on a screen
using a PC and a data projector. A consensus about
the treatment need for all 30 teeth based on the
clinical findings and supported by radiographic
ones was achieved among the entire group at both
sessions. Treatment need for the teeth recorded by the
trainees at both sessions was collected for analyses of
inter- and intra-examiner agreement.

Bitewing radiographs were taken of every fifth con-
script with clinical indication for radiography or with
at least one clinically detected active lesion having
penetrated into dentin [21]. Conventional number
2 oral films (Kodak Insight Dental Film®, Eastman
Kodak Co., Rochester, NY) and Minray DC SL-9®
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X-ray devices (Compare Networks, Inc., San
Francisco, CA) were used. The exposure time was
0.28 s. The films were processed in an automatic
processor, the Diirr Dental Periomat Plus® (Diirr
Dental AG, Bietigheim-Bissingen, Germany) using
fresh processing solutions (Periomat Intra). The
dentists were advised to use the information on
radiographs to support their clinical findings.

In connection with the oral screening, all conscripts
entering the examination had an opportunity to
answer a computer-based questionnaire developed
at the University of Oulu, Institute of Dentistry, Fin-
land, for investigating individual background factors
and health behavior, i.e. dietary and oral hygiene
habits. Three laptop computers were delivered to
each garrison (altogether 43 computers) for this pur-
pose. Answering the questionnaire was voluntary and,
by answering it, the conscripts gave their consent to
use their personal military records for future studies.
Medical trainee conscripts assisted the conscripts with
the questionnaire and, after the field survey, delivered
the memory sticks with the data to the dentist in
charge of the garrison, who delivered them for further
analyses.

The postal code of the place of residence of each
conscript, as well as the unit and court of the service, i.
e. issues connected with the military service, were
extracted into separate databases from the Mildoc®
system. These data were united with the data of the
oral examinations and prepared for analyses. All IDs of
the conscripts were excluded from the data before the
analyses. The key to the IDs is held by the University
of Oulu and the Finnish Defence Forces, as agreed in
the Project Agreement between the parties.

Statistical issues

For statistical analyses, only data about the conscripts
born in 1990, 1991 or 1992 were investigated. To
illustrate the level of treatment need, the mean
DMFT and DT (SD) values were calculated for
males and females. Data on third molars were
excluded from the analyses. The distribution of the
DMFT and DT values among both genders was
illustrated using bar plots. Because the proportion
of the female conscripts is small among the study
group, they were excluded from the rest of the anal-
yses. To study the distribution of the DT wvalues
among the male conscripts in different DMFT cate-
gories, the DMFT values were categorized as follows:
DMFT, = 0, DMFT, = 1, DMFT; = 2-4,
DMFT, = 5-9 and DMFT5 > 9 and the categories
were illustrated using box plots. Bar plots were also
used to illustrate the components of DMFT for all
teeth in permanent dentition separately. The frequen-
cies and proportions of filled and decayed teeth were
calculated. A Lorentz curve was drawn to describe
caries polarization among the male conscripts.

To estimate intra- and inter-examiner agreement
on treatment decisions, the examiners estimated
treatment need on 30 extracted teeth with a variety
of caries lesions in two separate sessions by the criteria
of WHO as described above. To describe inter-
examiner agreement ICC values (intra-class correla-
tion coefficient) were calculated in both sessions and
their means (min, max) are presented. For validation,
the consensus treatment decision of the whole group
was considered as a gold standard. To investigate
intra-examiner agreement of the examiners, ICC
values were calculated for the treatment decisions
of each examiner in the two calibration sessions
and means (min, max) of their values are presented.

All analyses were executed and figures drawn using
the SPSS software (versions 16.0 and 18.0, SPSS,
Inc., Chicago, IL.) and R software (version
2.13.2 Patched. A language and environment for
statistical computing; R Foundation for Statistical
Computing, Vienna, Austria, URL; http://www.
R-project.org).

Ethical considerations

The research plan was evaluated by the Ethical Com-
mittee of the Northern Ostrobothnia Hospital District
and a positive statement was issued on March 29,
2010. The Center for Military Medicine and the
Defence Forces Staff gave the permission for the study
in June 2010 (AG14218/June 23, 2010). Here only
index (DMFT, DT) data of the conscripts were
collected from the Defence Forces database with their
permission (register owner), which is considered suf-
ficient in Finland. For the analyses, the IDs were
excluded.

Results

The study population consisted of 13 564 men and
255 women born in 1990, 1991 or 1992 (Table I).
The total number of conscripts in the military service
in 2011 was 26 492 (born in 1983-1993).

Distribution of mean DMFT and DT values

The DMFT index of 21.3 % of the conscripts was
0 (men 21.4 and women 21.2) (Figure 1). The mean
DMEFT, DT and FT values were 4.1 (SD = 4.2),
1.4 (SD = 2.5) and 2.7 (SD = 2.9), respectively
(Table I). Almost half of the men (54.9%) and almost
two thirds of the women (62.7%) had no need of
restorative treatment (Figure 1). Those with low
DMFT (<£4) had only some, if any, restorative treat-
ment need, whereas the treatment need increased
with increasing cariological treatment history: among
those with DMFT 5-9, the median DT =2 (n=3544)
and among those with DMFT >9, median DT =5
(n = 1517) (Figure 2).
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Table I. Distribution of the conscripts according to their gender, service entering month and mean DMFT, DT and FT values.

Gender Group

Male, n (%) Female, n (%) January, n (%) July, n (%) Total
Year of birth
1990 1 044 (96.0) 44 (4.0) 631 (58.0) 457 (42.0) 1 088
1991 8 442 (98.7) 111 (1.3) 6119 (71.5) 2434 (28.5) 8 553
1992 4 078 (97.6) 100 (2.4) 256 (6.1) 3922 (93.9) 4178
Total 13 564 (98.2) 255 (1.8) 7006 (50.7) 6813 (49.3) 13 819
Mean (upper, lower quartile)
DMFT 4.1 (1, 6) 3.9 (1, 6) 4.3 (1, 6) 3.9 (1, 6)
DT 1.4 (0, 2) 0.8 (0, 1) 1.5 (0, 2) 1.3 (0, 2)
FT 2.7 (0, 4) 3.0 (0, 4) 2.8 (0, 4) 2.6 (0, 4)

Polarization of dental caries

Dental caries lesions were unevenly distributed among
the male conscripts. The worst fifth (19.2 %) had at
least three decayed teeth. Approximately 30% of the
conscripts had 90% of all caries lesions and ~ 10% of
the conscripts had half of all lesions (Figure 3).

Tooth-wise distribution of DT-, FT- and MT
components

Dental caries lesions were most prevalent in the first
and second molars (8.6-12.1%), followed by the upper
second premolars (5.3-6.1%), first incisors (5.5%) and
lower second premolars (3.4-3.6%) (Figure 4). Teeth
in the lower canine-incisor sextant were almost intact
(0.2-0.6%) (Figure 4).The first permanent molars and
lower second molars were most filled (25.0-30.2%),
followed by the upper second molars (19.7-20.8%)
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Figure 1. Distributions of DMFT and DT values among male and
female conscripts.

(Figure 4). Missing teeth due to dental caries were
almost non-existent.

Inter-examiner agreement on treatment need . vitro
before the field surveys was ICC =0.733 (min = 0.315,
max = 0.846) before January’s survey and
ICC =0.717 (min = 0.583, max = 0.861) before July’s
survey. Intra examiner agreement on treatment need
was ICC = 0.717 (min = 0.275, max = 0.935).

Discussion

Military service in Finland provides an excellent
opportunity to conduct epidemiological studies on
a specific age cohort; here those born in the early
1990s. Hence, a great advantage of the present study
is its uniquely large study population, representative
of the healthy, young Finnish males in the era after
cessation of improvement of caries prevalence. In
general, obtaining true random samples is considered
difficult [1]. Here, the oral health examination was
obligatory and carried out during the first week of the
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Figure 2. Distributions of DT values in five different DMFT
categories.
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Figure 3. Lorentz curve presenting caries polarization among male
conscripts.

military service, which limited the number of drop-
outs to non-existent, increasing the validity. Four
garrisons were excluded from the study because of
the outsourced dental services. However, those garri-
sons were small, the total number of conscripts serv-
ing in them not exceeding 400. Therefore, the bias in
the results caused by the exclusion can be considered
minimal.

This age cohort have lived their childhood during
the economic recession—a time of reduction in dental
resources in municipalities targeted to mainly health
promotion. In addition they have lived their teens at a
time when snacking has replaced meals and consump-
tion of sweet fizzy drinks is common [7]. Brushing
once a day is more common among this age group
than twice a day. All these factors can be considered
risk factors for dental caries [8].

The oral health of those not entering the military
service—those with physical or mental limitations or
entering civil service instead of the military one—can
only be speculated upon. Mental problems are asso-
ciated with cariological problems, the same is true for
those with asthma and juvenile diabetes, which are the
large sub-groups set free from the military service [22—
24]. Therefore, the situation may actually have been
even worse than presented here.. The proportion of
those doing civil service (7% of men in that age group)
instead of military service has increased in Finland, so
investigating their oral health could be a theme for
another study [10].

In the present study, almost half of the young men
had at least one tooth needing restorative treatment,
even with third molars excluded. This figure can be
considered high for a population having been entitled
to free dental care up to 18 years of age [25]. In the
present study, women’s mean DMFT and DT values
were lower compared to those of men, but FT values
were higher, indicating higher dental attendance
and treatment rate among females; thus the female

conscripts had less treatment need but more treat-
ment history than the males. However, the proportion
of the female conscripts is very small among the study
group and, since the military service for females is
voluntary, they most likely do not form representative
sample of oral health and, therefore, generalizations
should be avoided. In the Health 2000 survey, the
mean DT of men (1.4) was double to that of women
(0.7) [26], which are in accord with the findings in the
present study (1.4 vs 0.8). The value of radiographs in
oral health examination might be the theme of further
study; here the radiographs were used to support
clinical findings.

In the present study, the mean DMFT value (4.1)
was smaller than in the studies by Ladri (6.8) [12] and
Ankkuriniemi (15.8) [11]. It must, however, be
reminded that the third molars were not included
in the present study, whereas in Ankkuriniemi’s
and L&ird’s studies they were. The results are not
directly comparable. According to the figures, the
proportion of the conscripts with no need for restor-
ative treatment (54.9 %, wisdom teeth excluded) has
increased significantly since the 1970s (23.7%), being
practically the same as in the 1990s (44%, wisdom
teeth included). In the Health 2000 survey [26], the
mean DT value for men aged 30-34 was 1.0 and for
women 0.3 (third molars not included). Compared to
that survey, the cariological situation is worse in our
study group, even though the subjects were 10 years
younger at the time of the examination than the
youngest age group in the Health 2000 survey. This
supports the suggested deterioration of oral health of
young males. The causes for this can only be specu-
lated upon: the youngest age group in the Oral Health
2000 survey had lived their school age and teens in the
1970s and 1980s, which are regarded as the golden
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era of children’s oral health promotion in Finland [3].
In comparison, the present study group lived their
childhood at a time of reduced resources for oral
health promotion during the economic recession.
Good oral health of the young was taken for granted.
Simultaneously, the previously mentioned dietary
changes took place and tooth brushing frequency
has not yet improved.

In the present study, one third of the study group
accounted for 90% of all caries burden and, compared
to the previous studies, polarization was more pro-
nounced than in Ankkuriniemi’s [11] study, but sim-
ilar to that in the study by Laéra [12]. In the present
study, polarization of dental caries was distinctly
weaker than in the Health 2000 study [26]. When
DMFT values improve, the number of individuals
with no cavities increases and polarization becomes
more pronounced [27]. The obverse of this appears to
be the case in the present study—the increased caries
experience leads to less pronounced polarization. In
addition, the pattern of distribution of intact, filled,
decayed and removed teeth in the present study are in
accord with findings in the literature [11,28].

Mandatory military service similar to that in Fin-
land still exists in Israel, Greece and Turkey, but has
been replaced by volunteer military systems in most
Western countries [10]. According to the results of
the present study, caries prevalence among Finnish
conscripts is at the same level as among conscripts in
Brazil [13] and in Australia [16], but better than
among conscripts in Israel [17], in Turkey [14], in
Croatia and among police students in Hungary [15].

Screening of dental treatment need of the con-
scripts entering the service has been part of the
Defence Forces’ protocol and thus easily converted
into a survey by training and calibrating the examiners
and introducing them to the WHO criteria for epi-
demiological studies [20]. Almost all examiners were
experienced and familiar with the protocol and crite-
ria, which helped to manage the tight schedule. They
showed good intra- and inter-examiner agreement in
their treatment decisions, reinforcing the validity of
this study. It might have been valuable to use clinical
calibration. However, the use of a clinical golden
standard during the examinations would have been
impossible due to distances between the garrisons.
Hausen et al. [29] have reported that data, large
enough, collected from public health records (of
non-calibrated examiners) are not inferior to those
obtained from examinations by calibrated examiners.
In Ankkuriniemi’s [11] survey, calibration was carried
out clinically, but in Ladra’s [12] survey, calibration
was not done at all.

It can be concluded that the present study offers
epidemiological data from an era subsequent to that
when the cariological situation had been continually
improving..Our findings suggest stagnation in the
improvement or even deterioration of the cariological
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status of the healthy, young adult, male population,
despite dental care being free of charge to all under
18s. Caries burden still was polarized among the study
group. Yet, polarization was weaker in this study than
in a previous national survey [26],,as one might
expect given the apparently higher caries level. We
know that the health habits of young Finnish males do
not support good oral health, and therefore caries
control will be challenging in the future. That is
why new ways for oral health promotion targeted in
particular to men should be developed and studied.
During the field survey of the present study, we have
collected specific data not only on oral health but also
on health behaviour of this study group. Our valuable
data provide the possibility to investigate health beha-
vioural patterns associated with oral health among the
young. We hope that this information facilitates ways
to maintain and promote oral health of the young
in our country and elsewhere. Good oral health
promotes good general health.
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