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Abstract
Dental caries is one of the most widespread diseases in the world. In the industrialized world the
situation improved until the 1990s, after which the good development is claimed to have almost
stagnated.
One of the aims of this cross-sectional study was to investigate caries prevalence in a young
male population. Another aim was to investigate ways to find individuals needing restorative
treatment.
The hypothesis in this study was that caries prevalence among Finnish young males born in the
1990s was similar or even poorer compared to those born in earlier decades. Polarization of dental
caries was still expected to exist. It was also hypothesized that caries prevalence is geographically
unevenly distributed in Finland. The Finnish Defence Forces screening protocol was hypothesized
to be valid for detecting individuals with restorative treatment need. Finally, it was hypothesized
that restorative treatment need at the individual level associates well with a well-chosen set of
questions concerning dental symptoms, dental attendance, treatment history and health behaviour.
Study material consisted of 255 female and 13,564 male (total n=13,819) conscripts.
Anamnestic data, along with information about the socioeconomic status, educational level and
place of residence just before military service, were collected with computer-based questionnaire
in connection with the oral screening (50 questions and 108 sub-questions). Validity of the
screening protocol was evaluated in a sub-population (74 conscripts) examined using both the
screening and the ICDAS classification.
The screening protocol was validated using the ICDAS criteria and it proved to be well in
accord with it considering restorative treatment need at the individual level. The study revealed
that on average the conscripts had 1.4 decayed teeth (DT), third molars excluded. The number of
decayed, earlier restored or extracted teeth due to caries (DMFT) was 4.1. Ten per cent had about
half of the caries lesions and 30% had 90%, suggesting that polarization still exists. It was also
found that living in areas with high fluoride content in drinking water, living in urban areas and a
Swedish-speaking home municipality were protective factors against dental caries. A positive
response to eight questions of a statistically selected set of ten questions reliably predicted
restorative treatment need (OR 69.27).

Keywords: dental caries, fluoride, geomapping, questionnaire, screening, young adults

Kämppi, Antti, Hampaiden korjaavan hoidon tarpeen tunnistaminen nuorilla
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Tiivistelmä
Karies on yksi maailman laajimmalle levinneistä sairauksista. Menneinä vuosikymmeninä karies
väheni merkittävästi aina 1990-luvulle saakka, jonka jälkeen myönteinen kehitys on hidastunut.
Tämän tutkimuksen tavoitteena oli tutkia korjaavan hoidon tarpeen määrää nuorten miesten keskuudessa. Tutkimuksen toinen tavoite oli tutkia tapoja erottaa terveistä korjaavan hoidon tarpeessa olevat henkilöt.
Tutkimuksen oletuksena oli, että karieksen esiintyvyys 1990-luvun alussa syntyneiden suomalaismiesten joukossa on vastaavalla tai huonommalla tasolla kuin 1970-luvun alussa. Lisäksi
oletettiin, että kyseisessä ikäluokassa karies on polarisoitunut. Oletuksena oli myös, että karieksen esiintyvyys on maantieteellisesti epätasaisesti jakaantunut. Tutkimuksessa oletettiin myös,
että Suomen Puolustusvoimien käyttämällä suunterveyden seulontamenetelmällä voidaan tunnistaa luotettavasti yksilötasolla korjaavan hoidon tarpeessa olevat yksilöt. Viimeisenä oletuksena
oli, että korjaavan hoidon tarve yksilötasolla olisi arvioitavissa seulonnan ja hyvin valitun kysymyspaketin perusteella tutkituissa ikäluokissa.
Tämän poikittaistutkimuksen satunnaistettu tutkimusaineisto koostui 13819 varusmiehestä
(255 naista ja 13564 miestä) sekä esitietoihin perustuvasta aineistosta joka kerättiin seulonnan
yhteydessä tietokonepohjaisella kyselylomakkeella (50 kysymystä ja 108 alakysymystä).
Seulonnan tulokset vastasivat hyvin tarkastusta, jossa vauriot diagnosoitiin ICDAS kriteereitä käyttäen. Tutkimus osoitti myös että, keskimäärin yksilöllä oli 1,4 korjaavan hoidon tarpeessa
olevaa hammasta viisaudenhampaat pois lukien. Aiemmin korjattujen, karieksen takia poistettujen ja karieksen vaurioittamien hampaiden lukumäärä oli 4,1. Kymmenellä prosentilla tutkimusjoukosta oli puolet kaikista vaurioista ja vastaavasti kolmanneksella tutkituista oli 90 prosenttia
kaikista vaurioista. Juomaveden fluoripitoisuus ja asuminen kaupungissa tai ruotsinkielisessä
kunnassa olivat suojaavia tekijöitä korjaavan hoidon tarpeen suhteen. Kymmenen esitietokysymystä valittiin tilastollisesti 108 kysymyksen joukosta. Positiivinen, korjaavalle hoidolle altistava, vastaus vähintään kahdeksaan näistä kymmenestä kysymyksestä ennusti luotettavasti (OR
69,27) korjaavan hoidon tarvetta yksilötasolla.

Asiasanat: fluori, geomapping, karies, kysely, nuoret aikuiset, seulonta

To Leena, Salla, Lotta and Nuutti
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1

Introduction

Oral health of young people has improved in the industrialized countries during
past decades, also in Finland (Marthaler 2004). However, stagnation or even
deterioration of this progress has been estimated. Epidemiological studies on oral
health are therefore needed all over the world (Marthaler 2004). At present,
epidemiological studies on oral health of the young is sparse in Finland. At the
same time, Finnish oral health care sector is trying to balance with the financial
resources available for public (oral) health. Recognition and being alert of the
factors which affect oral health are essential when planning how the limited
resources should be targeted (Eerola 2011, Suominen-Taipale 2007). Health, in the
general sense, of the young has been reported to be associated with the place of
residence and differences in the socioeconomic status (Eberhardt & Pamuk 2004).
Oral health is essentially connected with general health and Body Mass Index
(Benzian et al. 2011).
According to the National Institute for Health and Welfare (NIHW 2009), in
the year 2000 30% of people over thirty years had caries experience. A valid
screening method could be a cost-effective way to detect those in need of noninvasive and invasive cariological treatment for clinical as well as research
purposes. This could be supported by a validated set of anamnestic questions.
In Finland, military service is obligatory for men and voluntary for women
under 28 years of age. Approximately 25,000 young adults (about 80% of the male
age cohort) enter the service annually (Finlex 2014b). All conscripts have an
obligatory general health examination during their first week of military service,
and an oral health examination has traditionally been a part of it. Therefore the
conscripts, mostly healthy males, comprise an excellent epidemiological study
population. The Finnish Defence Forces has applied since the 1970s its own
screening method to determine dental treatment need of conscripts. This method
was used when oral health of Finnish conscripts was studied by Ankkuriniemi in
1979 and Läärä in 1999 in their doctoral theses (Ankkuriniemi 1980, Läärä 1999).
Conscripts have been used as study groups for caries epidemiology studies also
elsewhere (Bastos et al. 2005, Ekstrand et al. 1994, Levin & Shenkman 2004, Peres
et al. 2005).
One aim of this study was to investigate the validity of the oral health screening
method used in the Defence Forces for evaluating restorative treatment need.
Another aim of this cross-sectional epidemiological study was to investigate caries
prevalence and associated factors in the young male population born in the early
17

1990s. This male population (aged 19–21 years) has been affected by both the
harmful change in the dietary pattern towards snacking and the reduced resources
in oral health promotion. There are no comprehensive clinical studies on this
specific age group in Finland.
Additionally, the validity of a statistically chosen set of ten anamnestic
questions for determining treatment need at the individual level was studied.
The epidemiologic results as such are valuable and interesting nationally as
well as internationally. If screening, especially combined with an anamnestic
survey, proves to be a valid method for identifying restorative treatment need, it
could be a cost-effective method to be used clinically. Information gained from this
specific study could be used in planning the future oral health promotion measures
and oral health policies and resources for the young in the 2010s.
The study was carried out in all the largest garrisons (20/24) of the Finnish
Defence Forces in two phases in 2011 in accordance with the two months, January
and July, when new conscripts enter the military service. The screening was carried
out during the obligatory entering health examination that also covers oral health
screening. Trained and calibrated examiners screened a random sample, about 60%,
of the conscripts. Furthermore, about 60% of the screened conscripts responded a
computer-aided anamnestic questionnaire. The protocol for this study was tested in
a pilot study (Anttonen et al. 2012). The results are mostly descriptive. In the
statistical analyses, confidence intervals, T-tests, and regression analyses were used.
In the calibration processes, as well as in the study comparing the outcome by
screening and a thorough oral health examination, kappa and intra-class and interclass correlation coefficient values were calculated.
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2

Review of the literature

Caries is a multi-causal disease (Bjertness & Eriksen 1992, Selwitz et al. 2007).
Bjertness & Eriksen (1992) introduced the expanded caries model, which included
behavioural and biological determinants. The socioecological caries model consists
of a traditional Keyes’ triad in which the centrally located caries is surrounded by
environmental, health care organization- and human biology-related and
behavioural factors.
2.1

Dental caries

The aetiology, progression (Takahashi & Nyvad 2008) and treatment of dental
caries are well known. The three main aspects necessary for its occurrence are
fermentable carbohydrates in the diet, acidogenic oral micro-organisms on the
surface of the tooth, the host, i.e. the teeth themselves, as well as low standards in
the oral health care of the individual (Takahashi & Nyvad 2008) In the modern era,
controlling of the caries disease is emphasized instead of focusing on restorative
treatment only (Pitts et al. 2011).
Prevalence of dental caries has shown signs of decrease over the past few
decades (Ankkuriniemi 1980, Läärä 1999, Marthaler 2004, Nordblad et al. 2004),
although marks of deterioration are again detectable in the 2000s (Marthaler 2004).
In the year 2000, almost 40% of children over five years old had decayed teeth,
when the corresponding proportions for twelve- and fifteen-year-olds were over
50% and 75%, respectively (Nordblad et al. 2004). Epidemiologically caries is not
a defeated disease. On the contrary, in the developing worlds as much as from one
to two thirds of pre-school children are affected by early childhood caries (Prakash
et al. 2012, Sankeshwari et al. 2013). Poor oral health behaviours, such as smoking
and snuffing, may cause a threat to the oral health of the young in Finland (Tanner
et al. 2014).
In the private sector, four most common dental procedures in Finland in 2013
were restorative treatment of caries defects (40%), examinations (17%),
periodontal tissue disease treatment (12%) and root canal treatment (6%) (Kelasto
2014). Finnish dentists reported in 2011 that of all restorative treatment, 32%
concerned refilling previously restored teeth due to, for example, secondary caries
and fractured restorations (Forss & Widström 2011). Because restorative treatment
and adjunct procedures comprise the biggest group of all dental treatment
procedures, it would be most profitable for the individual as well as for the society
19

to consider how these procedures are targeted and carried out in the most effective
way, including always a preventive perspective in the schema.
To improve oral health, prevention of the disease and oral health promotion per
se should be the priorities in the long run (Hietasalo et al. 2009, Samnaliev et al.
2014). Therefore, it is justified to search methods to effectively identify individuals
who are the most predisposed to dental caries and its consequences. It is also
important to continue the promotion of oral health at the individual and public
levels, especially paying attention to improving the outcome of non-invasive
treatment methods. The modern idea of controlling caries, i.e. using non-invasive
methods and homecare, changes the focus from restoring caries lesions to having
less caries lesions and inducing active lesions to become inactive. Appropriate and
suitable methods for controlling the disease have been developed and are also
investigated (Schulte et al. 2011). Finland has national Current Care Guidelines (in
Finnish “Käypä hoito -suositus”) on caries control (Käypähoito 2014). However,
the guidelines do not take any sides regarding the issue of restorative treatment
need.
2.2

Health care organization-dependent factors

2.2.1 Screening
Screening is widely used to detect individuals with a well-known but unrecognized
disease which affects a proportion of the large population or sub-population without
pre-symptoms (Wald et al. 1999, WHO 1968). This approach to the disease enables
early intervention and management, which may enhance controlling the disease.
Screening, however, can lead to over-diagnosis and misdiagnosis if the protocol is
not validated. Key figures for estimating the validity of screening is to compute
sensitivity, specificity or more statistically AUC (area under curve) values.
There are several types of screening methods. In universal screening, all
individuals are invited for screening based on the gender or age, for example. In
case-finding screening, individuals are invited for screening based on smaller
groups such as families where some members have been diagnosed with a heredity
disease. In general, screening should meet the following standards set by WHO
(Andermann et al. 2008, WHO 1968):
–
–
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The condition screened should be an important health problem.
There should be a treatment for the condition.

–
–
–
–
–
–
–
–

Facilities for diagnosis and treatment should be available.
There should be a latent stage of the disease.
There should be a test or examination to detect the condition.
The test should be acceptable to the population.
The natural history of the disease should be adequately understood.
There should be an agreed policy on whom to treat.
The total cost of finding a case should be economically balanced in relation to
the medical expenditure as a whole.
Case-finding should be a continuous process, not just a “once and for all”
project.

Screening should also meet the statistical standards for finding high-risk
individuals. When resolution for high-risk caries patient in screening is sufficient,
the sum of sensitivity and specificity should be 160% or more (Kingman 1990).
In Finland, several screenings programmes are carried out within the
framework of the national screening programme. The national screening
programme includes breast cancer, cervical cancer and prenatal screenings.
Municipalities are also allowed to carry out various screenings under the control
and supervision of NIHW and co-operates (Finlex 2011).
Dental caries is a worldwide disease and its prevalence varies from country to
country (Selwitz et al. 2007), but great majority of the populations are affected by
it (WHO 2014). In industrialized countries, up to 5% of the total expenses in dental
health care are due to restoring lesions caused by dental caries (WHO 2014). In
Finland, almost 60% of the work time of clinical practitioners is used to restore
teeth (Forss & Widström 2011). These facts justify screening populations for
detecting individuals with restorative treatment need, because that also indicates
the need for non-invasive treatment (Käypähoito 2014, Pitts 2004). In the Finnish
Defence Forces, Col. Ankkuriniemi (Ankkuriniemi 1980) implemented an oral
health screening protocol in 1979; the protocol has been in use ever since. In this
thesis, DT is the value for teeth needing restorative treatment although some of the
lesions could be treated with non-invasive methods.
2.2.2 Classifications of caries detection systems
Many protocols such as the WHO basic criteria for detecting caries, the Finnish
Defence Forces’ criteria and the ICDAS (International Caries Detection and
Assessment System) (ICDAS 2014) criteria (Table 1) are well suited for screening
21

oral health (Ormond et al. 2010). Originally ICDAS was developed by the
International Caries Detection and Assessment System Coordinating Committee in
2002 and the system was updated in 2005 in Baltimore (Pitts 2004). The ICDAS
classification is a method which categorizes caries lesions by their visual depth
(ICDAS 2014). There are studies which have shown that the use of the ICDAS
criteria is a relevant and fast method to proceed in epidemiological studies
(Agustsdottir et al. 2010, Mendes et al. 2010, Runnel et al. 2013).
Table 1. Classification of the ICDAS detection protocol with descriptive definitions.
ICDAS score

ICDAS terms

ICDAS terms

(Detection)

(Definition)

(Category)

0

Sound

Sound

1

First visual change in enamel

Early stage decay

2

Distinct visual change in enamel

Early stage decay

3

Localised enamel breakdown

Established decay

4

Underlying dentine shadow

Established decay

5

Distinct cavity with visible dentine

Severe decay

6

Extensive cavity within visible dentine

Severe decay

Nyvad et al. (1999) have represented a visual caries detection system for assessing
the activity of non-cavitated and cavitated caries lesions in permanent teeth
(Table 2). (Nyvad et al. 1999, Nyvad et al. 2003) have shown that the system has
good reliability and also construct and predictive validity for the assessment of
caries activity.
(Nyvad & Fejerskov 1986) showed that active caries lesions at root surfaces
can be arrested to inactive lesions with fluoride toothpaste. (Machiulskiene et al.
1998), moreover, showed that when three lesions are detected using the WHO
criteria, there are five lesions more which can be treated non-invasively by arresting.
The NYVAD and ICDAS criteria have converged in the past decade. The NYVAD
criteria took first account of the classification of active and inactive lesions of caries.
Thus, assessing DT alone can give a reliable estimate not only for the restorative
treatment, but for the non-invasive treatment as well. ICDAS has also been
expanded to include a classification for the activity of caries lesions (ICDAS 2014).
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Table 2. Classification of the NYVAD detection protocol with descriptive definitions
(adapted) (Nyvad et al. 1999).
NYVAD score

NYVAD terms

NYVAD terms

(Detection)

(Definition)

(Category)

0

Normal enamel translucency and texture (slight

Sound

staining allowed in otherwise sound fissure)
1

Surface of enamel is whitish/yellowish opaque with

Active caries

loss of luster; feels rough when the tip of the probe

(intact surface)

is moved gently across the surface; generally
covered with plaque. No clinically detectable loss
of substance. Intact fissure morphology; lesion
extending along the walls of the fissure.
2

Same criteria as score 1. Localized surface defect

Active caries

(microcavity) in enamel only. No undermined

(surface discontinuity)

enamel or softened floor detectable with the
explorer.
3

Enamel/dentine cavity easily visible with the naked

Active caries

eye; surface of the cavity feels soft or leathery on

(cavity)

gentle probing. There may or may not be pulpal
involvement.
4

Surface of enamel is whitish, brownish or black.

Inactive caries

Enamel may be shiny and feels hard and smooth

(intact surface)

when the tip of the probe is moved gently across
the surface. No clinically detectable loss of
substance. Intact fissure morphology; lesion
extending along the walls of the fissure.
5

Same criteria as score 4. Localized surface defect

Inactive caries

(microcavity) in enamel only. No undermined

(surface discontinuity)

enamel or softened floor detectable with the
explorer.
6

Enamel/dentine cavity easily visible with the naked

Inactive caries

eye; surface of the cavity feels shiny and feels

(cavity)

hard on gentle probing. No pulpal involvement.
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2.3

Environmental factors

2.3.1 Demographic and sosioeconomic variables of the caries
disease
Demographic and socioeconomic variables associated with oral health have been
studied in young children and elderly people in Finland and elsewhere (DelgadoAngulo et al. 2009, Dye & Thornton-Evans 2010, Meurman 2011). Socioeconomic
factors compared to self-reported health behaviour were also studied in Finland in
adolescents (NIHW 2014b). In these studies, as well as in a WHO report (WHO
2008), education (own or parental) was proven essential for oral wellbeing.
In general, there are hardly any (Nyyssönen et al. 1984) studies from the
Western countries concerning the place of residence or residence-related variables
in association with oral health. However, there are studies from African countries
which suggest an association between oral health and living conditions
(Tadakamadla et al. 2012, Varenne et al. 2006). According to these studies, the
focus of caries management should be at early prevention and guidance of oral
health behaviour in risk groups.
2.3.2 Fluoride
Since the classical finding by Dean (1947), when he discovered the association
between the fluoride content of the drinking water and the prevalence of dental
decay, fluoride intake has been one of the key factors in the caries studies (Dean
1947). The use of fluoride tooth paste since the 1960s has been claimed to be the
reason for the decline of caries disease in the industrialized world in the past
(Marinho et al. 2003). Fluorides have been widely studied, particularly fluoridation
of drinking water (Seppä et al. 1998, Seppä et al. 2002, Slade et al. 2013) but also
other possible intake methods (Marthaler 2013). Although the clinical effect of
fluoride on protecting teeth against decay is well-established, consensus on the
mechanism of action has not yet been achieved (Amaechi & van Loveren 2013).
The local effect, however, is considered more important than the systemic one.
“The U.S. National Academy of Sciences Institute of Medicine has recommended
an adequate intake of fluoride from all sources as 0.05 mg F/kg body weight/day”
(WHO). In Finland, sufficient intake of fluoride is achieved when the fluoride
content in drinking water is 0.7–1.2 mg/l and sea food is consumed on a weekly
basis (Sirviö 2009). Drinking water is not fluoridated in Finland and the level of
24

fluoride is generally low (0–0.3 mg/l). The upper limit for fluoride in drinking
water is 1.5 mg/l (Sirviö 2009), which is hardly anywhere reached (Figure 1).
Fluoride is not considered an essential trace element, yet it is necessary for dental
and bone health. Brushing teeth twice daily with tooth paste containing fluoride is
considered sufficient when trying to maintain teeth caries free. (Hernandez
Guerrero et al. 2014, Martonffy 2015).

Fig. 1. Fluoride levels in drinking water in the municipalities of Finland in the year 2000
(Kämppi et al. 2013, published by permission of Karger Publishers).
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In Finland, fluoride in drinking water is only dissolved from bedrock fluoride
fluorspar (CaF2). Fluorspar is common in the “rapakivi” granite areas, where it is
also found in soluble form. South-eastern, south-western and western regions of
Finland are rich in fluorspar (Lahermo & Backman 2000). In those areas, the
fluoride content in drinking water is higher than elsewhere in the country. In areas
where the fluoride level is >1.5 mg/l, the use fluoride containing toothpastes should
be restricted (Sirviö 2009) (Figure 1).
In Finland, fluoride was added to drinking water in Kuopio between 1959 and
1992. The effects of added fluoride on oral health have been reported in many
studies (Cho et al. 2014, Harding & O'Mullane 2013, Johnson et al. 2014). They
indicate that fluoride has a protective effect. The protective effect of water
fluoridation disappeared in the 1990s in Finland (Forss 1999, Seppä et al. 1998,
Seppä et al. 2000, Seppä et al. 2002). Fluoridation of drinking water in Kuopio was
stopped because of that and also due to public opposition and never started
anywhere else in the country.
2.3.3 Geo-mapping
Geo-mapping or geographical mapping is a visually intuitive way to illustrate with
colours on maps, for example, political variations or economic wellbeing between
existing regions (e.g. provinces). Geo-mapping is a variation of the traditional bar
diagram. In medicine, geo-mapping offers an intuitive approach to visualize health
and oral health data in specific regions (Sayani 2012, Strömberg et al. 2011). In
dentistry, geo-mapping is pretty seldom used (Stromberg et al. 2011).
2.3.4 Mother tongue in municipalities
Individual’s mother tongue was found to be an explanatory factor in a Finnish study
concerning self-rated general health (Hyyppä & Mäki 2001a). Reasons for the
better health of the Swedish-speaking population in Finland have been speculated
in several studies (Hyyppä & Mäki 2001b, Hyyppä & Mäki 2003) and most often
the reason for the better health compared with the Finnish-speaking population has
been reported to be better self-care. The main language spoken in Finnish
municipalities is demonstrated in Figure 2 (STAT 2014b).
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Fig. 2. Distribution of the municipalities according to the major language spoken in
Finland in 2010 (Kämppi et al. 2013, published by permission of Karger Publishers).

2.3.5 Polarization
Polarization refers to two-dimensional situations where others are underprivileged
and others privileged concerning the study setup. Polarization is considered strong
when more people are situated in these two groups compared to the rest and weak
when people are situated in-between these. Polarization of young adults has been
studied in many fields and from many aspects (Autio et al. 2008, Ståhl & Rimpelä
27

2010). With improving caries status, caries prevalence has become more polarized
over the recent decades both in child and adult populations (Vehkalahti et al. 1997).
2.4

Behavioural factors

2.4.1 Questionnaire as a method to assess oral health and
behaviour.
The first reported scientific questionnaires were invented by the scientist Sir
Francis Galton 1822–1911 (Tredoux 2014). Questionnaires consisting of series of
questions are used in science to gather information from the respondents. Usually,
the questionnaire content is developed so that the answers can be statistically
interpreted (Leung 2001). Anamnestic questionnaires are often used in medicine to
gather information before the actual appointment with a health care specialist.
Questionnaires have been used in screening, for example, to promote weight
management (Korhonen et al. 2014). Questionnaires to gather oral health
information are part of larger studies in Finland (Honkala et al. 2009, NIHW 2009,
NIHW 2014a, University of Oulu 2013). An example of such national surveys are
the NIHW school health surveys conducted regularly every few years. These
surveys also cover few questions on oral health behaviour. Although surveys
concerning self-reported oral health are rare, the results are encouraging in terms
of gaining reliable information at the individual and population level (Könönen et
al. 1986, Silva et al. 2014).
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1.

2.

3.

4.

Hypothesis and general aims
The Finnish Defence Forces’ oral health screening method using the WHO
criteria is valid and reliable for detecting individuals with restorative treatment
need, provided that the examiners are well trained and aware of the criteria.
Finnish young males’ oral health is similar or even poorer than in the 1998
previous study conducted on the same age group. Polarization of dental caries
still exists among young adults.
Caries prevalence is geographically unevenly distributed in Finland and it is
associated with residence-related factors such as fluoride level in drinking
water, main language in the place of residence and density of dentists.
The outcome achieved by screening restorative treatment need is at the
individual level well in accord with the outcome achieved through a wellchosen set of questions concerning dental symptoms, dental attendance,
treatment history, and health behaviour.

The aim of this study was to investigate restorative treatment need in young males
as well as existence of its polarization. Another aim was to explore the association
between factors independent of individuals and restorative treatment need. The
third aim was to investigate the accuracy of screening restorative treatment need
using the ICDAS criteria for validation at both the tooth and the individual level.
This study also aimed to investigate the validity of a statistically selected set of
questions for detecting those in need of restorative treatment.
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4

Material and methods

4.1

Participants

Definition of ‘conscript’
”Military service includes conscript service, refresher training, extra service and
service during mobilization as well as participation in call-ups and the examination
of fitness for service. Call-ups form the first concrete step into military service. The
civic duty of military service is defined in the second chapter of the law on
conscription (called Conscription Act). This duty affects all Finnish men and begins
when a man turns 18. It continues till he reaches the age of 60. This means a man
is liable for military service and that he is either in service, in the reserve or in the
auxiliary reserve.” (Finlex 2014b).
Number of participants
In 2011, 25,989 young (born in 1983–1993) healthy males entered their mandatory
and 503 young females their voluntary military service. All of them participated in
the obligatory health examination. Of those, oral health screening was performed
to 14,458 conscripts. All conscripts were examined, except for the five largest
garrisons, where only every fifth conscript was examined in randomized order. Of
the screened, the three largest age groups were selected for closer investigation
(Table 3). They comprised 95.6% of all screened conscripts. The final study group
here (n=13,819; 255 females and 13,564 males) comprised conscripts born in 1990,
1991 and 1992, being 19-21 years of age at the time of the study (Table 4).
Exclusion criteria of conscripts are represented in Figure 3. By its definition,
‘conscript’ covers both male and female individuals. In this thesis, males and
females are treated together unless otherwise stated. Statistically there was no
significant differences between female and male conscripts in the studied values.
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Table 3. Distribution of all screened (oral health) conscripts in the Finnish Defence
Forces in 2011 according to the gender and year of birth. Included conscripts were born
1990, 1991 and 1992.
Year of birth

Female

Male

Total

1981

0

1

1

1982

1

7

8

1983

1

13

14

1984

3

18

21

1985

4

25

29

1986

5

47

52

1987

7

72

79

1988

7

144

151

1989

14

264

278

1990

44

1,044

1,088

1991

111

8,442

8,553

1992

100

4,078

4,178

1993

1

5

6

Total

298

14,160

14,458

Table 4. Distribution of the conscripts in the Finnish Defence Forces born in 1990–1992
according to the gender and entrance group.
Year of birth (n)

Gender

Entrance group

and mean values

Male

Female

1/2011

7/2011

Total

1990

1,044

44

631

457

1,088

1991

8,442

111

6,119

2,434

8,553

1992

4,078

100

256

3,922

4,178

Total

13,564

255

7,006

6,813

13,819

DMFT

4.1

3.9

4.3

3.9

DT

1.4

0.8

1.5

1.3

FT

2.7

3.0

2.8

2.6
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Fig. 3. Number of participants in Studies I–IV and exclusion criteria of the participants
in the studies.

4.2

Screening protocol

This epidemiological cross-sectional study was carried out in 20 garrisons (of the
total 24) of the Finnish Defence Forces in January and July 2011. Four garrisons
were excluded from the study because of the lack of personnel (outsourced dental
services). However, those garrisons were small: the total number of conscripts
serving in them di not exceed 600. The screening of the conscripts’ oral health was
carried out as a part of the obligatory general health examination during the
conscripts’ first two weeks in the military service. All conscripts in 15 garrisons
and every fifth conscript in alphabetical order in the five largest garrisons were
included in the study (n=13,564) (Figure 4).
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Fig. 4. The Finnish Defence Forces’ garrisons where the pilot study, screenings and
thorough examination where made (Published by permission of Finnish Defence
Forces).

No one refused the oral examination. In the screening, the restorative treatment
need of each conscript was recorded tooth-wise according to the 1997 criteria for
epidemiological studies by WHO, excluding the third molars and following the
protocol of the Defence Forces (Table 5) piloted for research purposes in 2010
(Anttonen et al. 2012).
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Table 5. Criteria of the Defence Forces for recording cariological and restorative
findings of clinical examination. Grey shaded scores were consider as needing
restorative treatment.
Score

Dental caries (findings recorded per tooth, including third molars)

1

Healthy tooth

2

Filled tooth, healthy restored tooth

3

Decay, active decay needing restoration

4

Secondary decay, needing restoration

5

Decay reaching pulp – tooth needs root canal treatment or extraction

6

Tooth has been extracted due to dental caries

7

Tooth missing or is unerupted

8

Prosthetic crown

9

Prosthetic tooth (removable denture)

The lights of the dental units, dental probes and oral mirrors were used. Teeth were
not professionally cleaned before the examination. In borderline cases, the
researchers were advised to choose the more severe one of two options in the
criteria.
BW-radiographs were taken of every fifth conscript with clinical indication for
radiography or with at least one clinically detected active lesion having penetrated
into dentin. Conventional number 2 oral films (Kodak Insight Dental Film®,
Eastman Kodak Co., Rochester, NY, USA) and Minray DC SL-9® X-ray devices
(Compare Networks, Inc., San Francisco, CA, USA) were used. The exposure time
was 0.28 s. The films were processed in an automatic processor, Dürr Dental
Periomat Plus® (Dürr Dental AG, Bietigheim-Bissingen, Germany), and the
examiners were advised to use fresh processing solutions (Periomat Intra).
The Mildoc® electronic personal file system of the Finnish Defence Forces
was used to record the oral findings. The findings were recorded by dental
assistants or medical trainee conscripts.
4.3

Examiners and calibration

All the dentists working in the Defence Forces, one dentist serving as a conscript
and two external researchers, one being the author, (n=15) carried out the oral
health examinations at the garrison dental clinics.
The dentists performing the examinations were trained and calibrated at two
full-day sessions in November 2010 and June 2011. To ensure that all the examiners
would have a similar knowledge base, the lectures covered the examination
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protocol and criteria, the WHO criteria (WHO 1997) and signs of activity and depth
of the lesions by their clinical appearance. The lectures were given as PowerPoint
presentations by Vuokko Anttonen (member of the research team). The training and
calibration sessions took altogether 16 hours over two days. The lessons were
available to the examiners throughout the field study on the website created for this
purpose by the Institute of Dentistry, University of Oulu. Following the lessons, the
dentists determined the treatment need for 30 ex-vivo teeth with a variety of caries
lesions, using the WHO criteria. The teeth had been previously photographed and
radiographed and the findings had been diagnosed by Jukka Rosberg and Vuokko
Anttonen.
The same teeth were used at the calibration sessions of November 2010 and
June 2011. At the calibration sessions, the photographs and radiographs of the teeth
were presented to the trainees using a data projector. Consensus for decay in all
30 teeth, based on the clinical findings and supported by radiographs, was achieved
among all the participating dentists at both sessions. The treatment need for the
teeth recorded by the trainees at both sessions were collected for analyses of interand intra-examiner agreement on the decisions.
The inter- and intra-examiner agreement on the decisions was calculated using
kappa values, and the consensus decision on each tooth was used as the golden
standard. The inter-examiner agreement with ex-vivo teeth of the dentists
performing the oral examination was ICC=0.73 (range 0.32, 0.85) before the
January survey and ICC=0.71 (range 0.58, 0.86) before the July survey. The intraexaminer agreement was ICC=0.72 (range 0.28, 0.94).
Other findings besides caries lesions were also recorded but they were not
studied here.
4.4

Questionnaire

In connection with the oral screening, all conscripts entering the examination had
an opportunity to answer a computer-based questionnaire (50 questions) developed
at the University of Oulu, Institute of Dentistry, Finland, for investigating
individual background factors and health behaviour, i.e. dietary and oral hygiene
habits (Anttonen et al. 2011) (Appendix).
Three laptop computers including the questionnaire were delivered to each
garrison (altogether 43 computers) for this purpose. Answering the questionnaire
was voluntary. By answering it, the conscripts gave their consent to use their
personal military records. Medical trainee conscripts assisted the conscripts with
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the questionnaire and, after the field survey, they delivered the memory stick with
the data to the garrison’s head dentist, who then delivered them for further analyses.
The questionnaires had also been used in several earlier studies and proven useful
(Anttonen et al. 2008, Anttonen et al. 2011). Because the previous studies using the
questionnaires had been conducted among young adults, the questionnaire was
modified slightly by the research group members to meet the requirements of this
study. The modified questionnaire was tested in the pilot study (Anttonen et al.
2012). No major problems arose, and the examiners were given specific
instructions concerning responses to some questions (Anttonen et al. 2012).
Answering the questionnaire was also timed during the pilot study to determine
the number of the computers needed. According to the pilot study, three computers
per examiner were needed to achieve fluent questionnaire–screening flow within
the actual screening (Anttonen et al. 2012).
4.5

Study setting in studies I–IV

4.5.1 Verifying screening by thorough examination (Study I)
Subjects
In July 2011 in the Kainuu garrison, of all the draftees (n=1,654) every fifth was
chosen in an alphabetical order for dental screening (n=337). Of the screened 337
conscripts, 74 (71 men and 3 women) were selected to have a thorough dental
examination one month after the original screening. The screening dentist (Veikko
Rimpiläinen) had been advised to select both those individuals with little if any
treatment need and, on the other hand, those with several clinically visible dentin
caries lesions detected during the screening session. These 74 conscripts fulfilled
these criteria. After one month, they were invited for a thorough examination. The
dentist performing the examination (Vuokko Anttonen) was blinded as to the
outcome of the screening.
Study setup
In the screening, the dentist used the WHO classification (WHO 1997) for
epidemiological dental caries studies and the Defence Forces’ protocol at the tooth
level (scores 3, 4, and 5 indicating restorative treatment need) in registering
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treatment need. In the screening, probe and oral mirror were used; teeth were
neither blow-dried nor professionally cleaned. Veikko Rimpiläinen, the dentist
performing the screening, was trained and calibrated at the two sessions described
earlier. The inter- and intra-examiner agreement of the treatment decisions by
Veikko Rimpeläinen was good and corresponded well with the values of all other
military dentists (inter-examiner agreement ICC=0.764 and intra-examiner
agreement kappa value 0.666).
The thorough examinations were carried out by a specialist in cariology
(Vuokko Anttonen). The conscripts were inspected at the garrison’s dental unit
using a probe, oral mirror and FOTI. Teeth were thoroughly blow-dried and visible
plaque was removed by a probe before the thorough examination. During the
examination, caries lesions were classified according to the ICDAS criteria
(classes 4, 5, and 6 representing restorative treatment need or DT index) (ICDAS
2014) and the highest score for each tooth was recorded by a dental nurse (Figure 5).
At the individual level, a person was determined to have restorative treatment
need if he/she had at least one lesion needing restorative treatment in any tooth
according to both screening and ICDAS scoring.
To confirm the results of the thorough examination and ICDAS scores, digital
BW-radiographs (Planmeca Intra (serial # IXRF 088150), Plandent, Helsinki,
Finland) were taken with 0.25 s exposure time of those individuals with at least one
clinically detected lesion penetrating into dentin (n=30). Treatment need detected
radiographically was compared to the ICDAS score 4 by the thorough examination.
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Fig. 5. ICDAS classification and adjunct layout in vivo. Caries, Current Care Guidelines,
2014 (referred April 7, 2015) www.kaypahoito.fi.

Statistical considerations
Distribution of the mean scores by screening and thorough examination scores were
illustrated as bar plots for all teeth. Sensitivity and specificity were calculated for
screening and thorough examination as well as for BW-radiography using
restorative treatment need according to each method as a cut-off point).
4.5.2 Caries prevalence (Study II)
Subjects
For statistical analyses, only data of the conscripts born in 1990, 1991 or 1992 were
investigated. In this study, the number of participants was 13,819. No one refused
the examination, so none of the screened conscripts were excluded. These age
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groups comprised 95.6% of all the conscripts. Third molars were excluded from all
analyses.
Study setup
To study the distribution of the DT values among the male conscripts in different
DMFT categories, the DMFT values were categorized as follows: DMFT1=0,
DMFT2=1, DMFT3=2–4, DMFT4=5–9 and DMFT5>9. The frequencies and
proportions of filled, decayed and secondary decayed teeth were also calculated
according to the Finnish Defence Forces’ protocol.
Statistical considerations
To illustrate the level of treatment need, the mean DMFT and DT (SD) values were
calculated both 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. A Lorenz curve was drawn to describe caries polarization
among the male conscripts. Because the proportion of the female conscripts was
small among the study group, they were excluded from the rest of the analyses.
4.5.3 Geographical distribution of caries (Study III)
Subjects
For statistical analyses, only data of the male conscripts born in 1990, 1991 or 1992
were used in this study (n=13,546). These age groups comprised 95.6% of all the
conscripts. Third molars were excluded from all analyses. To analyse caries
prevalence in different areas of the country, the conscripts were divided into
provinces according to the zip codes of their home addresses. For the urban-rural
division, the ten largest cities in the country according to the number of their
inhabitants (STAT 2014c), and Rovaniemi, the largest city in Lapland (by number
of inhabitants and having the northernmost university in Finland), were considered
to represent the urban areas, whereas the surrounding provinces represented the
rural areas.
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Study setup
In this study, the association factors independent of individuals and restorative
treatment need were investigated. ‘Independent factor’ was considered as a state
which cannot be adjusted by an individual. DT scores (DT=0 and DT>0) were used
as the response variables. Finland has two official languages, Finnish and Swedish;
the extent of their use depends on the place of residence. Language was considered
as the majority language if more than 50% of the inhabitants in the municipality
speak it as their mother tongue. Majority language of the home municipality, level
of fluoride in drinking water, home province and living in urban or rural areas as
well as dentist density were used as explanatory factors for restorative treatment
need.
Fluoride data
Data concerning fluoride levels in municipalities were not available in the Defence
Forces’ databases. Fluoride levels were studied by Lahermo and Backman
(Lahermo & Backman 2000) in (GSF). The data were purchased from GSF by the
University of Oulu and they were incorporated with the data from the oral
screenings. The fluoride data consisted of about 16,000 water samples from wells
(dug and drilled), streams and springs around Finland. The fluoride data were
converted to the level of provinces and the mean fluoride values were categorized
into three groups: 0–0.30 mg/l, >0.30–0.80 mg/l and ≥0.80 mg/l.
Statistical considerations
The results in the present study are partly descriptive. To investigate the distribution
of caries prevalence in the provinces and in urban and rural areas, the mean DMFT
and DT values and standard deviations (SD) were calculated. Cartograms were
drawn up to illustrate the categorized DMFT and DT values in provinces. For the
cartograms, a categorization of the mean DMFT and DT values was performed to
have the entire study population fall into four equal-sized groups. The mean DMFT
values were categorized as very good (2.47–3.18), good (>3.18–3.89), poor
(>3.89–4.60), and very poor (>4.60–5.31). The mean DT values were categorized
as very good (0.91–1.27), good (>1.27–1.64), poor (>1.64–2.00) and very poor
(>2.00–2.36). The same categorization was used in the cartograms illustrating the
mean DMFT and DT values in rural and urban areas.
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The chi-square test was used to compare the DMFT and DT distribution in
different provinces and rural and urban areas. The difference between the groups
was considered statistically significant at the level p<0.05. Two separate
generalized linear mixed models with logit link were performed for estimating the
risk of restorative treatment need (no need DT=0, and need DT>0). The garrison
was treated as a random effect. In the first case, provinces, language groups and
fluoride levels at the municipal level were chosen as fixed effects. In the second
case, provinces were replaced with the urban-rural division.
The conscripts were also divided into four groups according to the majority
language spoken in their place of residence (Finnish only, Finnish >50%,
Swedish >50%, Swedish only). These four groups were explanatory variables in
the generalized linear mixed models.
The dentist density data were not available for provinces, but the Finnish dental
association provided us with the information at the municipal level from Hospital
District databases (FDA 2011). Density data were also analysed with generalized
linear mixed models as explanatory variables.
4.5.4 Questionnaire and treatment need (Study IV)
Subjects
A total of 8,529 subjects answered all 22 questions in the questionnaire (Appendix,
tagged in italics).
Study setup
In this study, the outcome by screening was compared with the responses to the
questionnaire concerning oral health. The original questionnaire comprised
50 questions with sub-questions, totalling 108 questions. Of those, the research
team chose 22 questions for closer investigation.
Statistical considerations
Third molars were excluded from the analyses concerning screening. OR values
were calculated with a generalized linear mixed model first for the 22 most
probable questions (Q1-22) while the dependent factor was a dichotomous value of
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to treat (0) or not to treat (1) dental varies. Of those 22 questions (Q1-22), ten
questions with the lowest DT values (high OR value with p<0.05) were chosen for
the final question set (see Appendix, tagged in italics and additionally numbered as
Q(1)-Q(10)). OR values were again calculated and checked with a generalized linear
mixed model to meet the terms high OR value with p<0.05. The sum function Qsum
was generated from questions (Q1-10) and OR values were again calculated for each
result of the sum function Qsum.
4.6

General statistical considerations

The primary oral health data of the conscripts were collected from Mildoc® and
other data, i.e. the addresses representing the province of the individual, and the
unit and the court of the service, were collected from other databases of the Defence
Forces. Data concerning the mean fluoride levels in municipalities were purchased
from the Geological Survey Institute of Finland, and the data about the languages
spoken in each municipality were collected from Statistics Finland (STAT 2014b).
All the data were collected into one database at the University of Oulu.
The zip 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 the 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.
All analyses were executed and figures drawn out using the SPSS software
(version 16.0 and 18.0, SPSS, Inc., Chicago, IL, USA) and R software (R
Foundation 2014).
4.7

Ethical considerations regarding studies I–IV

The conscripts gave their consent for the use of their patient records by answering
the voluntary computer-assisted questionnaire. This was stated at the beginning of
the questionnaire. The Defence Forces gave its permission to use the specific data
(e. g. oral health and court data) registered in their systems. For the analyses, the
IDs were excluded. The research plan was evaluated by the Ethical Committee of
the Northern Ostrobothnia Hospital District, and a positive statement was issued on
43

March 29, 2010. The Centre for Military Medicine and the Defence Staff gave the
permission for the study in June 2010 (AG14218/June 23, 2010).
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5

Results

5.1

Distribution of screening scores

All scores (scores 1–9 in the Finnish Defence Forces protocol) were used in the
screening in accordance with the WHO criteria. The total number of screened teeth
was 386,932 in 13,819 conscripts (Table 6). Of all detected lesions needing
restorative treatment, 75.0% (DTprimary lesions=1.06) were primary caries lesions,
21.9% were secondary lesions (DTsecondary lesions=0.31) and the rest, i.e. 3.1%
(DTlesions=0.04), needed either root canal treatment or extraction (Table 7). The
mean DT value therefore was 1.41 (SD 2.5) and DMFT 4.10 (SD 4.2), respectively.
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0

1.71

0.08

0.01

1.21

0.17

0.04

16

99.91

9

15

90.38

99.49

98.59

6

8

97.71

5

7

59.81

82.32

4

2

3

1.41

29.75

1

98.54

0

Score

0.02

0.04

2.17

17

0.06

0.3

3.60

1.05

1.45

10.61

16.47

15.95

0.01

0.03

1

0.01

0.02

2.79

18

0.01

0.13

2.88

0.25

0.44

4.01

9.24

13.21

0.01

0.01

2

0.03

3.43

19

0.01

0.04

0.61

0.02

0.14

1.51

5.25

10.47

0.04

3

0.01

0.01

4.26

20

0.03

2.32

0.08

0.08

0.77

3.20

8.44

0.05

0.01

4

21

0.02

5.54

0.09

0.01

0.09

0.33

2.12

6.40

0.07

5

0.01

0.08

0.01

0.24

1.27

4.71

0.11

0.01

6

0.01

5.97

22

0.01

0.01

0.02

0.13

0.96

3.57

0.1

0.01

7

23

0.01

7.33

0.01

0.01

0.03

0.52

2.56

0.13

8

9.13

24

0.03

0.37

1.66

0.19

0.01

9

9.64

25

0.01

0.01

0.02

0.24

1.07

0.36

0.01

10

10.89

26

0.01

0.15

0.77

0.43

11

12.07

27

0.01

0.01

0.12

0.52

0.7

12

Table 6. Distribution (%) of the study group according to the findings by the FDFsp scoring for number of teeth.

18.25

1.37

28

0.01

0.07

0.3

0.86

13

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

Total

0.06

0.27

1.14

14

47

0.04

5 Decay reaching pulp - tooth needs root canal treatment or extraction

0.01
0.00
28

8 Prosthetic crown

9 Prosthetic tooth (removable denture)

Total

0.02

0.31

4 Secondary decay, needing restoration

0.22

1.06

3 Decay, active decay needing restoration

7 Tooth missing or is unerupted

2.67

2 Filled tooth, healthy

6 Tooth has been extracted due to dental caries

0.39
23.28

1 Healthy tooth

n

0 Missing data

Average distribution of scores in individual level by teeth

100.00

3.07

21.93

75.00

%

1.41

1.41

DT

100.00

0.49

1.06

7.55

25.82

65.09

%

4.10

4.10

DMFT

100.00

0.00

0.03

0.78

0.07

0.15

1.11

3.78

9.53

83.15

1.39

%

28

28

ALL

Table 7. Distribution of the lesions according to the scores used in the FDFsp and DT/DMFT scores derived from these criteria.

5.2

Accuracy of the oral health screening method used by the
Defence Forces (Study I)

Comparison of the screening results and the thorough examination of screened
conscripts were conducted at the Kainuu garrison. In Kainuu garrison, the total
number of the conscripts attending the screening and the thorough examination was
74 (73 males and 1 female). Their mean DMFT value was 5.0 (SD = 6.33) and the
DT value was 2.8 (SD=4.10 and proportion of those with DT≥1 was 44.6%) by
screening.
Almost 15% (14.4%) of combining the molars and premolars and 4.1% of the
canines and incisors of these 74 conscripts had restorative treatment need.
Respective figures in the thorough examination were 11.7% and 4.1 % in screening
(Table 8).
Table 8. (a) Distribution of teeth according to the criteria of the Finnish Defence Forces’
screening protocol. Scores 3, 4 and 5 were considered as DT>0.
Screening (n teeth)
FDFsp scores

Molars

Premolars

Canines

Incisors

Total

1

389

498

276

526

1689

2

85

26

8

39

158

3

58

50

8

13

129

4

51

7

2

13

73

5

5

0

0

0

5

6

1

2

0

1

4

7

3

9

2

0

14

8

0

0

0

0

0

9

0

0

0

0

0

592

592

296

592

2072

Total

48

Table 8. (b) Distribution of teeth according to the ICDAS criteria. Scores 4, 5 and 6 were
considered as DT>0.
Thorough examination (n teeth)
ICDAS scores
0

Molars

Premolars

Canines

Incisors

Total

125

314

238

500

1177

1

29

18

4

3

54

2

292

193

38

57

580

3

50

10

4

6

70

4

27

31

4

19

81

5

56

13

7

6

82

6

10

1

0

0

11

-

3

12

1

1

17

592

592

296

592

2072

Total

5.2.1 Sensitivities and specificities of FDFsp and ICDAS protocol
examination at the tooth level
At the tooth level, the sensitivity for the screening was 82.2% whereas specificity
was 96.6% for all teeth when validated by thorough examination using the ICDAS
criteria. To study the influence of the categorization of treatment need at the
individual level, the study group was categorized in three groups according to the
number of lesions needing restorative treatment by screening. The accuracy of the
screening was the best for those with completely sound dentition and, on the other
hand, it was very good for those with six lesions or more. The specificity was very
good despite the number of the lesions (Figure 6). The screening was more efficient
in detecting teeth in restorative treatment need than thorough examination when all
teeth were considered (using ICDAS 4 as a cut-off point). An equal pattern was
also detectable in groups DT=1–5 and DT≥6 (Table 9).
Table 9. Conscripts categorized to three groups according to the value of DT of
screening. Sensitivities and specificities calculated when screening and thorough
examination were compared.
Statistical variable

0

1–5

≥6

Sensitivity (%)

0

71.2

88.3

Specificity (%)

100

96.2

85.4
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Fig. 6. Association between the caries detection outcome by the thorough examination
(ICDAS 4–6) and BW-radiography (dentinal lesions at the tooth level) as well as
thorough examination and FDFsp (altogether as well as in three sub-groups according
to the number of lesions at the tooth level, 0 = no treatment need, 1 = treatment need).

5.2.2 Screening results versus thorough examination at the
individual level
At the individual level, the agreement about the treatment need between screening
and using the ICDAS criteria was excellent, kappa 0.92 (p<0.001), sensitivity
94.1% and specificity 97.5%.
5.2.3 Thorough examination results versus BW-radiography at the
tooth level
Verifying the agreement between the thorough examination and BW-radiography,
the sensitivity and specificity values were 69.4% and 87.7%, respectively
(Figure 6).
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5.3

Caries prevalence in young males born in the early 1990s
in Finland (Study II)

5.3.1 Caries prevalence in Finland 2011
The mean DMFT value was 4.1, whereas DT=1.41, MT=0.02 and FT=2.68.
Conscripts (n=8,758) with a low DMFT (≤4) had only some, if any, restorative
treatment need. Treatment need increased with increasing history of operative
dentistry experience. If the DMFT value was 5–9, the median DT was 2 (n=3,544),
whereas if DMFT>9, the median DT was 5 (n=1,517) (Figure 7).

Fig. 7. Distributions of DMFT and DT values among all screened male and female
conscripts (n=13,819).

5.3.1 Caries polarization in Finland in 2011
Dental caries lesions were not equally distributed among the conscripts. Ten per
cent of the conscripts had half of all lesions. The worst 20% of the conscripts had
at least three teeth needing restorative treatment. On the other hand, almost 30% of
the conscripts carried 90% of all caries lesions (Figure 8).
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Fig. 8. Lorenz curve presenting caries polarization (Tanner et al. 2013, published by
permission of Informa Healthcare).

5.3.2 Distribution of caries lesions in the permanent dentition
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%). Teeth in the lower canine-incisor sextant
were almost intact (0.2–0.6%). In the lower jaw, caries prevalence was more severe
than in the upper jaw for molars, whereas in the incisor area the prevalence was the
opposite. 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%). Missing teeth
due to dental caries were almost non-existent (Figure 9).
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Fig. 9. Caries lesions in the permanent dentition (Tanner et al. 2013, published by
permission of Informa Healthcare).

5.4

Factors independent of individuals’ acts associated with
restorative treatment need (Study III)

5.4.1 Geographical distribution of DMFT and DT values, fluoride and
language
The DT values were well in accordance with the DMFT values. In the high fluoride
area, the mean DMFT value was 2.5 (SD 3.25) and mean DT value 0.9 (SD 1.70),
which were much lower than on average (Figure 10). Both the low mean DMFT
and the low DT values followed the high fluoride levels and high prevalence
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(majority language) of Swedish-speaking people in the home municipality of the
conscripts.

Fig. 10. Mean DMFT and DT values of young healthy males in the Finnish provinces
(n=13,559) (Kämppi et al. 2013, published by permission of Karger Publishers).

5.4.2 Effect of endemic fluoride in drinking water and majority
language of the place of residence on caries prevalence
The mean fluoride level in Finland is 0.4 mg/l (range 0.06–3.22 mg/l). More than
half of the conscripts (52.4%) lived in areas where the endemic fluoride level was
low (0.0–0.3 mg/l). On the other hand, almost 11% of the conscripts (10.7%) lived
in areas with high endemic fluoride level (>0.8 mg/l). The mean DMFT value was
0.8 units lower in the high-fluoride areas compared to the areas where the fluoride
level was <0.3 mg/l. The mean DT value was also 0.3 units lower than in the lowfluoride areas. The mean DMFT and DT values were also distinctly lower among
the residents of the Swedish-speaking municipalities compared to the residents of
the Finnish-speaking municipalities. The combined effect of the language and
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fluoride levels in drinking water in the home municipalities of the conscripts on the
DT and DMFT values are described in Table 10.
Table 10. DMFT and DT values (mean) in association with the fluoride levels and
majority language in the municipalities.
Fluoride (mg/l)

Finnish

Swedish

Total

DMFT
0.0–0.3

4.4

4.2

4.4

>0.3–0.8

3.8

3.9

3.8

>0.8

3.7

2.7

3.6

Total

4.1

3.9

4.1

DT
0.0–0.3

1.6

0.9

1.6

>0.3–0.8

1.3

0.9

1.3

>0.8

1.3

0.7

1.2

Total

1.5

0.9

1.4

5.4.3 DMFT and DT values in urban and rural areas
The DT and DMFT values in the rural areas were statistically significantly higher
compared to the urban areas. The mean DT value in the eleven largest cities was
1.2, and in other municipalities 1.5. Among the largest cities, the City of Kouvola,
which is located in the high-fluoride area, had the best mean DT value (0.9). The
mean DMFT and DT values in all cities were lower compared to the surrounding
provinces, with one exception, the large city of Vantaa. The difference at the
individuals from rural and urban areas was the biggest when DT=0 and DMFT=0
being 7% and 5.4% units respectively (Table 11). The urban areas had more
participants with totally sound teeth.
Table 11. Proportions of individuals in different DMFT and DT value categories in urban
and rural areas (n=13,402).
DMFT class
Number of lesions

DT class

0

1

2-4

5-9

10 - 28

0

1-2

3 - 28

Rural

19.5%

12.1%

29.5%

26.5%

12.4%

52.4%

26.7%

20.8%

Urban

24.9%

13.4%

29.4%

23.8%

8.6%

59.4%

24.2%

16.4%
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5.4.4 Risk factors for restorative treatment need
The most protective variable against restorative treatment need was living in a
Swedish-speaking municipality (OR 0.41) in an area where the fluoride level in
drinking water was higher than 0.3 mg/l (OR 0.85). The high risk values (OR>1)
were associated with the high mean DT values in the provinces (Figure 11). On the
other hand, using the division of urban-rural instead of provinces as explanatory
variable living in rural was risk for restorative treatment (Figure 12). The effect of
dentist density was also analysed as an explaining factor in a generalized linear
mixed model, but it had no statistically significant effect on restorative treatment
need in either models and therefore it was excluded from both final regression
models.

Fig. 11. Odds ratios (OR) from the generalized linear mixed model on the association
between restorative treatment need (DT>0) and provinces. Level of fluoride and
language in the municipalities (* p<0.05).
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Fig. 12. Odds ratios (OR) from the generalized linear mixed model on the association
between restorative treatment need (DT>0) and urban-rural division. Level of fluoride
and language in the municipalities (* p<0.05).

5.5

Factors dependent of individuals associated with restorative
treatment need (Study IV).

5.5.1 Association between restorative treatment need and a well chosen question set
The mean DMFT value of the conscripts who responded to the questionnaire was
slightly higher compared to all the screened conscripts. The mean DT value was
0.09 and DMFT 0.16 units higher for those who answered the questionnaire
compared to the total study group. Question Q1: “Do you think you have need for
dental treatment?” had the highest OR value (4.61) for caries treatment need. From
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the most predicting questions were generated the sum function Qsum. The OR value
for the sum function varied between 1.72 and 79.13 (Table 10). In the sum function,
at point 3.5, the intersection value of specificity and sensitivity was 0.67. The
explicit inclusion number of questions for the group needing treatment (DT>0) was
8. On the other hand, almost all having the sum function value 0 belonged in the
healthy group (DT=0) (Table 12).
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2.86
4.01
6.47
10.22
20.10
29.35
69.27
79.13
∞

2

3

4

5

6

7

8

9

10

Total

1
1.72

1

OR

0

variable Qsum

Value of sum

0.00, ∞

31.24, 200.42

39.40, 121.78

19.09, 45.11

13.42, 30.11

6.89, 15.17

4.37, 9.59

2.71, 5.95

1.92, 4.27

1.12, 2.63

95% C.I. for OR

0.94

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

0.01

p

100.00 %

0.0

0.8

2.9

6.8

12.0

16.5

18.2

18.3

13.4

8.2

3.0

Valid Percent (%)

et al. 2014, published by permission of Dennis Barber ltd).

4500

0

6

25

123

285

603

831

1014

823

568

222

DT=0 (n)

4029

3

59

219

458

742

803

719

548

317

130

31

DT>0 (n)

8529

3

65

244

581

1027

1406

1550

1562

1140

698

253

Total (n)

1.00

1.00

1.00

0.99

0.97

0.90

0.77

0.58

0.36

0.18

0.05

Sensitivity

0.00

0.00

0.02

0.07

0.18

0.37

0.57

0.75

0.88

0.96

0.99

Specificity

(DT>0) and values of the sum variable (Qsum) including the final 10 questions and probability profile for each sum (Q1-Q10). (Kämppi

Table 12. OR (95% C.I.) values from the generalized linear mixed model on the association between restorative treatment need

5.6

Main results

Validity of the screening method
–

The outcome of establishing restorative treatment need through oral health
screening applied in the Finnish Defence Forces was well in accord with
ICDAS 4 both at the individual and tooth level.

Caries prevalence in Finland in young male population
–
–

Caries still exists among young males – about 4 in 5 had caries history and
almost half had restorative treatment need.
Caries was polarized among young adults, 10% had half of the lesions and 30%
about 90% of the lesions.

Individual-independent factors in terms of risk of restorative treatment need
–

–
–

Caries burden was unevenly distributed in Finland. There were prevalence
differences in the urban-rural setup as well as between provinces. Living in
urban areas as well as in southern/south-western provinces was a protective
factor against caries.
Fluoride in drinking water in the home municipality had a protective effect
against caries among the study population born in the early 1990s.
Living in a Swedish-speaking municipality was also a protective factor against
dental caries.

Individual-dependent factors in terms of risk of restorative treatment need
–
–
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Self-estimated treatment need as well as socioeconomic factors and oral
treatment history were strongly associated with restorative treatment need.
A statistically chosen set of 10 anamnestic questions, e.g. on attitudes, own
vision of oral health, smoking and treatment history, was strongly associated
with restorative treatment need. Eight out of ten exposing responses had 69.27
OR for restorative treatment need.

6

Discussion

This epidemiological cross-sectional study revealed that improvement in oral
health has stagnated since the former similar study with a similar setting (Läärä
1999). Compared with two national epidemiological oral health studies on adults
from 2000 and 2011, the caries situation among the young adults seems poorer
(NIHW 2009, NIHW 2012). In our study, DT was 1.4, when it was 1.1 in 2000 and
0.7 in 2011 among ≥30-year-old men. It can be speculated that the situation will be
worse when our participants will reach 30 years of age. At the same time,
polarization still exists but is weaker than among the adults in the Oral Health 2000
study.
The screening protocol used in this thesis proved to be well in accord with the
ICDAS protocol. The outcomes achieved by using the ICDAS classification and
the screening protocol used in the Finnish Defence Forces are equal when need for
treatment at the individual level is considered. This observation justified using the
results of the screening in studying the prevalence of caries, polarization and factors
causing caries lesions. In addition, on the basis of a statistical analysis, a set of
questions was established concerning individual-dependent factors which also
predict need for restorative treatment and could also be used in screening
restorative treatment need.
This study also revealed a set of individual-independent explanatory factors
associated with the prevalence of dental caries among young adults in Finland.
Most distinct findings were that fluoride in drinking water, geographical
positioning in Finland, living in urban areas and Swedish-speaking municipality
are positively associated with restorative treatment need, whereas dentist density is
not.
6.1

Subjects

In Finland, military service is obligatory for all males, and therefore the conscripts
provide an excellent study group for conducting epidemiological studies on a
specific age cohort; in this study, the cohort born in the early 1990s. However, it
must be born in mind that about 20% of each age group never enter the service.
Individuals with a severe mental or physical disability or certain religious beliefs
are exempt from military service. Thus, most of those released from the service
have either physical or mental diseases. It can be speculated that including them in
the study group might have influenced the results towards even poorer. Furthermore,
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those choosing the civil service instead of the military one were not included in the
study group. The number of civil servers is about the same as that of those released
due to medical reasons. At the moment, nothing can be said about their oral health,
but the results of this thesis are very likely an underestimation of the real situation.
A great advantage of the present study is, in any case, the uniquely large study
population, which comprised 53% of all the entrants in 2011, and thus it can be
considered as being a highly representative sample.
The oral health examination was obligatory and carried out during the first
week of the military service, which limited the number of dropouts to a minimum
and increased the validity. In addition, either all the conscripts were studied or at
least a random sample, depending on the size of the garrison. In the five biggest
garrisons, a randomized study group was used. Therefore the present study group
can be considered to represent all those draftees entering the military service, or
about 77% of the entire male age group, in 2011. Except for the third publication,
the voluntary female conscripts were not excluded from this study, even though
their proportion of the total number of conscripts was small. Therefore, no
generalizations can be made in terms of their oral health.
Due to lack of resources, four garrisons (Onttola, Hamina, Lappeenranta,
Kotka) out of 24 were excluded from the study. The total number of the conscripts
serving in them, however, was small (n<400). The bias in the results caused by this
exclusion can be considered minimal.
In Finland, military service is mandatory for all males and since 1995 voluntary
for all females. The annual attendance for military service (in 2000–2013) totals
about 27,800 individuals (STAT 2014a), or 80% of each age cohort. All individuals
attend the military service regardless of their socioeconomic or demographic
factors pursuant to law (Finlex 2014b). This is the foundation for the value of the
present study; it is a true cross-sectional image on oral health of young males. In
studies, it is very unusual that all subjects participate in the study, but that was the
case here – no one refused the oral examination. No one refused to respond the
questionnaire either; even if some found a way to skip some questions.
Screening was the only way to reach such a large number of conscripts
(n=14,458) in this study considering the time limits set by the tight training
programme of the conscripts at the beginning of their military service. The
screening was conducted using the WHO criteria for epidemiological studies and
thus it was based on a valid method. It was emphasized that the WHO criteria
should be used in the screening together with the protocol used by the Finnish
Defence Forces since the 1970s.
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The conscripts serving in 2011 were born in the early 1990s and had started
elementary school in the middle of the decade. At that time, Finland was deeply
affected by economic recession – time when municipal dental resources primarily
targeted at health promotion were reduced. During their secondary school and high
school/vocational school years at the beginning of the 21st century, snacking had
started to replace healthy meals and consumption of sweet fizzy drinks became
more and more common. Candy machines made also their arrival to schools to
replace healthy collations. Brushing once a day is more common among this age
group than brushing twice a day. All these factors can be considered risk factors for
dental caries (NIHW 2014a, Suominen-Taipale et al. 2008, Tseveenjav et al. 2011).
According to this thesis and the Health 2000 and 2011 studies, it would be worth
studying these risk factors in different age groups.
Ethically, conscripts are a specific group, they have limited freedom and choice.
In the present study, which was conducted at the beginning of their military service,
the conscripts were asked for their permission to use the information collected
during the military service. No one refused, but some may have taken the survey
lightly. That, however is a matter affecting all surveys (Sjöström et al. 1999). The
identification of all individuals was hidden from the researchers.
6.2

Screening, examiners calibration and questionnaire

The screening method has been used every year to varying extent based on the
resources available to dentists serving in the Defence Forces. In 1998, the second
study with a similar set up was conducted (Läärä 1999). The screening method had
been used for more than 30 years and its clear protocol ensured its suitability for a
study purpose. The screening method was enhanced with the WHO
epidemiological criteria to ensure epidemiological validity of the study. Yet,
validity and accuracy of this screening method have not been investigated before
the present work. Although the screening strategy may be effective in large
populations and although it possesses many benefits, there still remain several
restrictions which should be considered carefully before using it (WHO 1968):
screening can cause unnecessary increase in costs and use of medical resources on
a number of people who do not need treatment:
–
–

Screening may cause unnecessary adverse effects for individuals (e.g. stress
and anxiety, discomfort, radiation exposure, chemical exposure).
Stress and anxiety caused by a screening result.
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–
–
–

Unnecessary investigation and treatment of false positive results.
Stress and anxiety caused by prolonged knowledge of an illness without any
improvement in outcome.
A false sense of security caused by false negatives, which may delay final
diagnosis.

Anxiety in its all forms caused by FDFsp can be considered minimal, because the
screening was additional to normal examinations carried out by the public oral
health care. All the screened conscripts were instructed when and where they
should meet the dentist again after the military service. If immediate treatment was
needed, it was available within days at the garrison hospital.
The screeners in this study were very familiar with the method, which might
be the reason for the good inter-examiner agreement. According to the inter- and
intra-examiner test results, proper training of the screeners was conducted in two
intensive teaching sessions with ex-vivo teeth, before both screening periods,
reinforcing the validity of this study. The inter- and intra-examiner values were
good before both screening sessions in January and July 2011. Yet, familiarity with
the method and good intra- and inter-examiner agreement values do not guarantee
reliability. Clinical calibration would have been valuable, but the use of a clinical
golden standard during the examinations was impossible due to the simultaneous
screenings in different parts of the country and long distances between the garrisons.
Ankkuriniemi (Ankkuriniemi 1980) used clinical calibration in his thesis, whereas
Läärä (Läärä 1999) did not use any calibration. In general, awareness of signs of
activity and depth of the caries lesions is essential for reliable caries detection.
Information about the criteria for caries lesions’ depth and activity was closely
taught at both teaching sessions. Education materials used at the teaching and
calibration sessions were also available on the Internet for the screeners during the
screening. In the present material, all the screeners were advised to select the worse
option in case of uncertainty about the severity of the lesions. The examiners were
also advised to include an estimation of the lesion activity in their judgment even
though activity scores were not recorded. This protocol can be assumed to have
minimized underestimation of treatment need. This also may have increased the
number of lesions registered needing restorative treatment in the screening. There
are always a risk of bias also when many investigators are involved. On the other
hand, Hausen et al. (Hausen et al. 2001) have reported that large enough data
collected from public health records by non-calibrated examiners are not less
informative compared to those obtained from examinations by calibrated
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examiners. This supports the validity of the protocol and findings of the present
study.
In this study, the decisions on restorative treatment need made using screening
correlate well with those done on the basis of the ICDAS criteria and using the cutoff point ≥4 scores. The cut-off point ICDAS ≥3 revealed more treatment need both
at the individual and tooth level. At the tooth level, the sensitivity and specificity
values for screening, using the ICDAS ≥4 scores, were excellent.
In general, it is not explicitly defined when one should use non-invasive or
invasive treatment methods when ICDAS score 3 is recorded; the decision is
always individual and dependent on the circumstances. The cut-off point ICDAS 3
for restorative treatment in children (deciduous teeth and permanent teeth) has been
used in the literature (Braga et al. 2009, Iranzo-Cortes et al. 2013). In these studies,
the ICDAS criteria were validated by the WHO criteria for caries detection.
Histologically, the ICDAS levels 3 and 4 represent lesions extending to mid-dentine,
which particularly in the present young age cohort can be considered as a justified
indication for non-invasive or invasive restorative treatment.
The screening took approximately around three minutes for one patient
(Anttonen et al. 2012), which is in accord with the findings made using ICDAS
(Holmen et al. 2013, Isaksson et al. 2013). These studies have proposed the
usefulness of ICDAS in clinical practice even in screening. The definite benefit of
using the ICDAS criteria compared to the Defence Forces’ criteria would be
recording of the initial lesions. Accurate recording of lesions highlights the
possibilities of prevention.
The use of oral screening should always lead to a thorough examination if there
is any doubt that more restorative treatment is needed or of other problems such as
mucous lesions and periodontal problems. In screening, it should also be estimated
if and when the patient should be referred to a more detailed examination and for
invasive or non-invasive treatment. Furthermore, if an individual has passed the
screening and afterwards any pain or other symptoms appear, they should be
referred to thorough examination. Screening and thorough examinations by turns
with proper time intervals could be time-worthy and economical (NATO 2014). In
addition to these procedures, health promotion may reinforce their effects.
Besides attending to the screening, the conscripts answered a questionnaire
including questions about, for example, socioeconomic factors, oral hygienic habits,
treatment history and dental consulting history during the oral screening.
Answering was conducted during the waiting time for the screening and after it
before returning to the courts. In the pilot study, it was calculated that three
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computers were needed per one screener. In spite of careful preparations, the final
number of answered questionnaires was 8,529. Although not all the conscripts
answered the questionnaire, the number was sufficient for statistical evaluation.
Randomly, about 60.0% of the screened conscripts, who had time before or after
screening, answered the questionnaire. The conscripts who answered the
questionnaire had higher DMFT and DT values (4.27 and 1.50, respectively)
compared to those who underwent only the screening (4.11 and 1.41, respectively),
although the difference was not statistically significant. The results of the
questionnaire can be considered to represent well the entire study population.
Finland has two major languages. The questionnaire was available only in
Finnish, which was a potential problem with respect to conscripts with Swedish as
their first language. To prevent any problems, assistance and interpretation were
available from medically trained group leaders. In addition, almost all Swedishspeaking Finns speak or at least understand Finnish. Language problems were not
reported in the questionnaire responses. The first language was not asked in the
questionnaire, but our estimation is that about 400 respondents (the statistical
proportion of Swedish speakers in the population is 6.0%) were Swedish speaking
(STAT 2014c).
Statistical analyses of the responses to the questionnaire enabled establishing
a limited set of questions which predicts reliably the results of screening as for
restorative treatment need. Using this set of questions, it can even be reliably
determined who need detailed examination of oral health, treatment planning,
caries prevention and restorative treatment. According to the question set presented
in this thesis, if a person provides a positive response to at least eight questions in
the set of ten questions, they most likely have restorative treatment need and should
be referred to a thorough examination within few months. Despite of a good
correlation between the screening and the questionnaire in this thesis, the fact is
that the statistical bias of questionnaires cannot be excluded when considering the
results. According to Sjöström et al. (1999), results of this thesis concerning
questionnaires might be underestimations.
Resources and time can be saved in the long run if resources are targeted
accurately to the individuals who really need oral treatment, whereas a longer recall
period can be defined for those not having restorative treatment need or any risk
factors for dental caries. This procedure can be done if time spent in evaluating oral
treatment need is minimized by the use of oral screening and a questionnaire.
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6.3

Prevalence, polarization and stagnation

In Finland, oral health care is available for every citizen (Finlex 2014c, MSAH
2014). Public oral health care is free of charge in community health centres up to
the age of 8 years, and even after that dental fees are set by law (Finlex 2014a,
NIHW 2014c). Both in the public health care and in the private health care sectors,
dental care is subvented by the state (Kela 2014). From that perspective, the caries
figures can be considered high and caries in Finland is not a defeated disease. This
study has shown that almost half of the young men (aged 19–21 years) have
restorative treatment need.
6.3.1 Prevalence
By its definition, prevalence is the proportion of a population found to have a
certain condition. In this study, prevalence of DT and DMFT were studied and
means calculated. DT and DMFT values represent the prevalence of lesions
needing invasive operations. This study (using the Finnish Defence Forces’
screening protocol) was also conducted according to the WHO criteria, enabling its
comparison to other studies which are also conducted according to the WHO
criteria.
The mean DT value in the thesis population, born in 1990–1992 (n=13,819),
was 1.4. In the Health 2000 survey, the mean DT value for men (born in 1970 or
earlier) was 1.1 (NIHW 2009) and in the Health 2011 study, the respective value
for men (born in 1981 or earlier) was 0.7 (NIHW 2012). The DT and DMFT values
in this study indicate an end of the good development of caries prevalence (1.1 vs.
0.7 vs. 1.4). This supports the general feeling of suggested threat of deterioration
of oral health of young adults. The youngest age group (30 years old) in the Oral
Health 2000 survey had lived their school age and teens in the 1970s and 1980s,
which are regarded as the golden era of children’s oral health promotion in Finland
(Nordblad et al. 2004). In comparison, the present study group lived their childhood
at the time of reduced resources for oral health promotion during the economic
recession. The reasons for caries prevalence are still discussed. Free sugars in daily
diet have been suggested to be one important factor for caries prevalence. It could
even be a more important factor than fluoride (Moynihan & Kelly 2014). In Finland,
schools are in a key position in promoting good dietary habits. Nutritional quality
of school meals is good but snacks available in schools are not rich enough with
fresh fruits and vegetables, which have a low amount of free sugars. In this respect,
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there is room for improvement (Hoppu et al. 2010, Kankaanpää et al. 2014). This
has been recognized in the Finnish National Board of Education (Opetushallitus
2015), which has given recommendations to schools to improve the quality of
snacks.
The mean DMFT value 4.1 was smaller than in the studies by Läärä (1999)
(6.8) and Ankkuriniemi (1980) (15.8). Indications for extraction in third molars, in
this age group, can be caused by a range of symptoms. Therefore, the third molars
were not included in the present study, whereas in Ankkuriniemi’s and Läärä’s
studies they were. In all of these studies, one tooth could have several separate
lesions of different depth and activity. However, every tooth was judged according
to its most serious lesion.
The DMFT index does not make any difference whether the tooth is filled,
decayed or missing due to dental caries; the value for any tooth is one in any of
these cases. The information based on the DT and DMFT indexes is cross-sectional.
The detached values, especially the DT value in a certain population, are more
informative. This study material is cross-sectional, collected twice from conscripts
in 2011. Similar set-ups have been used in other studies, and therefore the values
here can be compared with the ones from earlier decades in Finland (Ankkuriniemi
1979, Läärä 1998) and also with those from other countries (Hopcraft et al. 2009).
DT and DMFT values do not contain any information about events at the
individual level. They describe the situation at the point when the study was carried
out. However, it should be noticed that in this study, DT describes the need for
restorative treatment. Most of the lesions were primary lesions. Proportion of
secondary lesions among the restorative treatment need was almost one fourth.
The criteria used in this study are not common in oral public health care, but
in military forces they are (NATO 2014, Patinen 2011). Although this screening
and categorization method was verified here using a relatively small study group,
the outcome was well in accord with the findings made using the ICDAS
classification, particularly at the individual level. The aim of this study was to find
those individuals who, with certain criteria, would have restorative treatment need
and who would benefit of a thorough examination. For this purpose, using the DT
value is justified.
6.3.2 Stagnation
The mean DT and DMFT values (1.4, 4.10, respectively) were relatively good
compared to the previous studies with similar populations (Ankkuriniemi 1980,
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Läärä 1999), where the corresponding figures were 4.34, 15.84 and 1.98, 6.75,
respectively. Including this study, the time spans between periods when the material
was collected for these three studies were 17 years (1976–1993) and 18 years
(1993–2011). In the previous studies, wisdom teeth were included: in that respect,
the studies are not comparable (Ankkuriniemi 1980, Läärä 1999). Wisdom teeth
often are erupting and easily become decayed in this age group. Therefore, it can
be speculated that when the DT values in these three studies are compared, the
slowdown of improvement is possible. Slowdown of improvement is evident when
restorative treatment need in the present study group and that of the Health 2000
are compared.
6.3.3 Polarization
The results of this study and previous studies confirm that in the Finnish young
male population, caries prevalence still is polarized. In our study group, a bigger
proportion of individuals had restorative treatment than in the Oral Health 2000
study (NIHW 2009), although the study population here was ten years younger.
This phenomenon should be noticed in designing future strategies and planning
preventive methods.
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
pronounced than in Ankkuriniemi’s study (Ankkuriniemi 1980) but similar to that
in the study by Läärä (Läärä 1999). Polarization of dental caries among the Oral
Health 2000 study population was more evident than in the present study
population, again supporting the theory that oral health is deteriorating (NIHW
2009). It can be concluded that the present study offers epidemiological data from
an era subsequent to that when the caries situation was continuously improving.
This is a challenge needing special attention.
6.4

Geographical influence

This study reconfirms the multi-causal nature of caries (Bjertness & Eriksen 1992,
Selwitz et al. 2007). This study also revealed that caries is unevenly distributed
according to the place of residence. The effect of the fluoride level in drinking water
on caries prevalence was again evident, and living in different provinces and urban
or rural areas were explanatory factors to caries prevalence. In addition to oral
health, socioeconomic factors and language are reported to be connected with
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general health (Polk et al. 2010, Reisine & Psoter 2001, Suominen 2014). Reasons
for the better general health among the Swedish-speaking population have been
widely discussed but studies show that differences are rather in the social capital.
(Hyyppä & Mäki 2001a, Hyyppä & Mäki 2003). It can be speculated that good oral
health can be based on the same reasons.
The effect of the fluoride level in water was seen in the cariological status of
the young in Finland up to the 1980s but vanished when general dental health
improved (Seppä et al. 2002). According to the study by Seppä et al. (2002), the
protective effect of fluoride on caries was no more evident in the 1990s (Seppä et
al. 2000). The connection between the fluoride content in drinking water and oral
health has been a continuous topic of interest in cariological research throughout
decades elsewhere (Al-Bloushi et al. 2012, Hopcraft et al. 2009, Slade et al. 2013,
Stockwell et al. 1990). In a recent study conducted also among conscripts but in
Australia, conscripts who had been exposed to fluoridated drinking water for their
entire life had 25% less caries experience than the ones who had not (Hopgraft et
al. 2009). It can be speculated that the halt or deterioration in the cariological
situation will emphasize the role of endemic fluoride again. Considering both
language and fluoride separately as explanatory factors for the risk of development
of dental caries, their common role is significant. This thesis, however, shows that
once again, endemic fluoride has become a protective factor against caries disease
among young adults.
In 1959–1992, drinking water was fluoridated in Kuopio. Fluoridation was
stopped when positive effect on caries prevalence disappeared along the improving
oral health (Seppä et al. 2002). Today in Finland drinking water is not fluoridated
and mainly locally supplied by local distributors. Drinking water is collected
mainly from surface waters of local lakes or springs and purified. One exception is
the capital region, where drinking water is supplied by Lake Päijänne. Substances
and electrolytes in drinking water are closely regulated by the Helsinki Region
Environmental Services HSY (HSY 2015). The level of fluoride, among others, is
also regulated and it should be lower than 1.5mg/l (Finlex 2000). Fluoride removal
from drinking water varies by supplier. The fluoride level in Lake of Päijänne is
approximately 0.3 mg/l and it is removed by HSY until the level of 0.1 mg/l is
achieved (HSY 2015), whereas another supplier, Kymen vesi, does not remove
fluoride although the mean level of fluoride in the Kymenlaakso area is 1.5 mg/l
(Kymen vesi 2015). The fluoride levels in drinking water correlates well with the
mean results of (Lahermo & Backman 2000). The removal of fluoride from
supplied drinking water could be considered a source of bias, especially in the
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capital region. However, the removal of fluoride from drinking water in the capital
region had no statistically significance effect. Although fluoride in drinking water
turned out important in this thesis, preventive oral health care, usage of toothpastes
and fluoride intake in daily food should be borne in mind when overall conclusions
are made.
Data on the municipalities of residence available in the Defence Forces’
archives were linked afterwards to the data gathered by screening. This data can be
considered exact and reliable even though the place of residence was recorded at
the time when the conscripts entered the military service and there were no
information available about their possible former moving. Data on the languages
spoken in the municipalities were collected from national statistics (STAT 2014c)
and combined with the other data on the municipalities. This data can be considered
reliable because the mean domestic moving value in Finland in the years 2000–
2013 was 11,071 (STAT 2015b). Language seems to be an even stronger protective
factor than fluoride, but overall, endemic fluoride improves the situation regardless
of the language group.
The ten largest Finnish cities (Helsinki, Espoo, Tampere, Vantaa, Turku, Oulu,
Jyväskylä, Lahti, Kuopio, Kouvola) were chosen as the urban areas and were
selected based on the number of inhabitants. Rovaniemi provided an exception and
was consider to belong to the urban areas because of its northern dimension
(Meurman 2015, PRC 2011). Living in the urban areas has a distinct protective
effect compared to living in the rural areas in our study. The cause for lower caries
occurrence in the urban areas may be associated with the difference in the
socioeconomic situation in the urban and rural areas. The proportion of moreeducated inhabitants is larger in cities compared to the rural areas (STAT 2015a).
The effect of dentist density on dental caries was analysed by regression
models at the province level. This variable was, however, excluded from the final
regression models because it did not have any explanatory effect on caries
prevalence. The issue was discussed and speculated as an explanatory factor in
Läärä’s thesis in 1998, where the density of dentists was inversely proportional to
caries prevalence. In this thesis, dentist density was the lowest in the Kymenlaakso
province and the mean DT value was also low, whereas in the Northern
Ostrobothnia province, dentist density was high but also the DT value was high.
No association was found between dentist density and the mean DT value. The
recent figures on dentist density may, however, not be completely reliable because
of the number of non-union dentists (not included in figures here), and loose
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definition of working age (general retirement age in Finland is 63 years, but some
people may continue working after that).
Geo-mapping in dentistry has been used only recently (Strömberg et al. 2011).
In this thesis, the method differentiates areas according to their restorative
treatment need (DT and OR values). Among the conscripts in Finland, dental caries
prevalence has maintained its geographical distribution throughout decades
(Ankkuriniemi 1980, Läärä 1999). The geographical distribution indicates a clear
need for regionally targeted oral health projects and planning.
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7

Conclusions and recommendations

Based on the results of the study, the following conclusions and recommendations
can be made:
1.

2.

3.

4.

Results from screenings conducted in accordance with the WHO criteria are
well in accord with results from thorough examinations carried out based on
the ICDAS classification when recording untreated dentinal caries lesions.
Screening is a valid and reliable tool for finding the individuals in need of
restorative caries treatment among young adults. If the ICDAS scores and
activity estimation are used in screening, need for invasive and non-invasive
treatment can be determined more specifically. Screening can be used,
providing that the examiners are well familiar with caries diagnostics. This
study enables and justifies professionals to target the limited dental restorative
resources to those who truly need them.
It is evident that caries is not a defeated disease. Slowdown of the improvement
in caries status is evident. Polarization exists and it is also evident in our study,
although it is not as strong as in the older age group from the same era. For
individual and public oral health promotion, resources should be targeted
continuously. Oral health promotion must be emphasized in the curriculum for
future dentists and should be in a major role in everyday dental practice.
Caries prevalence is geographically unevenly distributed. Low caries
prevalence is positively associated with factors such as living in areas where
the level of fluoride in drinking water is high, living in areas where Swedish is
spoken as the main language in the municipality, and living in urban areas.
Differences in caries prevalence in provinces is also distinct. Unexpectedly,
caries prevalence is not associated with dentist density. The study indicates that
local use of fluoride products should still be emphasized. Targeting resources
to geographically identified risk areas is also recommended.
There is a strong association between the sum function constructed based on
the statistically well-chosen set of ten questions and dichotomous results from
the screening. The questionnaire showed to be a reliable instrument in
detecting need for restorative treatment at the individual level. The
questionnaire could also be used as a tool for personal health promotion when
individual questions are considered. The questionnaire could be used as a part
of anamnestic investigation of young population to support execution of
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personal oral health promotion. It could also be used in decision making alone
or in connection with screenings and thorough examinations.
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Appendix
1. Do you live
In a city?
In the countryside?
Q(3) 2. Your education:
Comprehensive school
Vocational school
University of applied sciences
Vocational school and matriculation exam or gymnasium
Matriculation exam or gymnasium
College or university
Other
3. What did you do before the service?
Studied
Worked
Was unemployed (>6 months)
Took a year off (travelling)
4a. Are your parents alive?
Dad
Yes
No
Mom
Yes
No
4b. Do your parents live together?
Yes
No
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5. Your father’s education
Comprehensive school
Vocational school
University of applied sciences
College or university
Other
6. Your mother’s education
Comprehensive school
Vocational school
University of applied sciences
College or university
Other
7. Your father’s profession
Businessman, farmer
Official (teacher, engineer, technician, officer, worker in the health section…)

Employee (in industry, fishing, wood industry)
Retired
Student
Other
8. Your mother’s profession
Businesswoman, farmer
Official (teacher, engineer, technician, officer, worker in the health section…)

Employee (in industry, fishing, wood industry)
Retired
Student
Other
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9. While living at home, who shared it with you?
Dad
Yes
No
Mom
Yes
No
Stepmom or foster mom
Yes
No
Stepdad or foster dad
Yes
No
10. Do you live in a steady relationship?
Yes
No
11. What is the number of your siblings?
0
1
2
3
4
5
6
7
8
9
more
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12. What is the number of your children?
0
1
2
3
4
5
6
more
13. During past 6 months how often have you
Exercised or done sports?
Never or hardly ever
Every day or almost every day
Occasionally
Been to movies or theatre or sports events or played music or read?
Never or hardly ever
Every day or almost every day
Occasionally
Spent time with friends, played with friends?
Never or hardly ever
Every day or almost every day
Occasionally
Been to bars or pubs?
Never or hardly ever
Every day or almost every day
Occasionally
Watched TV or played computer games?
Never or hardly ever
Every day or almost every day
Occasionally
Been in nature or gone fishing or hunting?
Never or hardly ever
Every day or almost every day
Occasionally
Done handicrafts (wood work, metal work, painting etc.)?
Never or hardly ever
Every day or almost every day
86

Occasionally
Done motor sports (car, motor cycle)?
Never or hardly ever
Every day or almost every day
Occasionally
14. How often do you do physical exercise?
Never
1–2 times a month
1–2 times a week
3–4 times a week
More than 5 times a week
15. During past 12 months how often have you been temporarily
sick (common cold, etc.)?
Less than once a year
1–2 times a year
3–4 times a year
More than 5 times a year
16. Do you have a chronic illness requiring regular medication?
Yes
No
17. How often do you eat the following meals sitting down at a
table?
If you do, do you eat?
Breakfast
Never or hardly ever
Every day or almost every day
Occasionally
Lunch
Never or hardly ever
Every day or almost every day
Occasionally
Dinner
Never or hardly ever
Every day or almost every day
Occasionally
Supper
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Never or hardly ever
Every day or almost every day
Occasionally
18. How often do you eat following items for snacks?
Milk or yoghurt or hot or cold chocolate
Never or hardly ever
Every day or almost every day
Occasionally
Bread
Never or hardly ever
Every day or almost every day
Occasionally
Vegetables, fruit or berries
Never or hardly ever
Every day or almost every day
Occasionally
Cold meat or cheese
Never or hardly ever
Every day or almost every day
Occasionally
19. How often do you eat the following parts of a meal?
Warm course
Never or hardly ever
Every day or almost every day
Occasionally
Salad/uncooked vegetables
Never or hardly ever
Every day or almost every day
Occasionally
Bread
Never or hardly ever
Every day or almost every day
Occasionally

20. How often do you eat the following snacks?
Candy/ Sweets
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Never or hardly ever
Every day or almost every day
Occasionally
Chips
Never or hardly ever
Every day or almost every day
Occasionally
Fizzy drinks/Soft drinks
Never or hardly ever
Every day or almost every day
Occasionally
Energy drinks
Never or hardly ever
Every day or almost every day
Occasionally
Sport drinks
Never or hardly ever
Every day or almost every day
Occasionally
Juice
Never or hardly ever
Every day or almost every day
Occasionally
Biscuits
Never or hardly ever
Every day or almost every day
Occasionally
Bakery
Never or hardly ever
Every day or almost every day
Occasionally
Chocolate
Never or hardly ever
Every day or almost every day
Occasionally
Raisins
Never or hardly ever
Every day or almost every day
Occasionally
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21. How often do you drink fizzy drinks or eat candy or other
snacks like that (Question 20) in following situations?
On the way to school or work
Never or hardly ever
Every day or almost every day
Occasionally
At school or work
Never or hardly ever
Every day or almost every day
Occasionally
On the way home from school or work
Never or hardly ever
Every day or almost every day
Occasionally
Coming home
Never or hardly ever
Every day or almost every day
Occasionally
By a PC or X-box/Nintendo
Never or hardly ever
Every day or almost every day
Occasionally
Watching TV or videos
Never or hardly ever
Every day or almost every day
Occasionally
With friends
Never or hardly ever
Every day or almost every day
Occasionally
In movies
Never or hardly ever
Every day or almost every day
Occasionally
While doing physical exercise
Never or hardly ever
Every day or almost every day
Occasionally
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In other hobbies
Never or hardly ever
Every day or almost every day
Occasionally
22. Compared with you do other people of your age (products like
fizzy drinks and candy)
Consume less snacks than you?
Consume as much snacks as you?
Consume more snacks than you?
Q(10) 23. How many €:s do you spend weekly on snacks (products like
fizzy drinks and candy)
0€
1–5€
6–9€
10 – 15 €
16 – 19 €
≥ 20 €
24. What do you usually drink with meals?
Milk
Juice
Concentrated juice
Tap water
Fizzy drinks with sugar
Light/Diet fizzy drinks
Light/Diet concentrated juice
Energy drinks
Bottled water
Other
25. What do you usually drink to quench thirst
Milk
Juice
Concentrated juice
Tap water
Fizzy drinks with sugar
Light/Diet fizzy drinks
Light/Diet concentrated juice
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Energy drinks
Bottled water
Other
26. Do you use
Energy drinks?
Never or hardly ever
Every day or almost every day
Occasionally
Sports drinks?
Never or hardly ever
Every day or almost every day
Occasionally
Q(5) 27. Do you smoke?
No
1–5 cigarettes daily
10–20 cigarettes daily
>20 cigarettes daily

28. Do you consume alcohol?
No
Less than once a month
About once a month
About every other week
About every week
More than once a week
29. Do you use snuff?
Never or hardly ever
Every day or almost every day
Occasionally
30. If you use chewing gum, how often?
Never or hardly ever
Every day or almost every day
Occasionally
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31. Do you use
Xylitol chewing gum?
Yes
No
Sucrose chewing gum?
Yes
No
Q(4) 32a. How often do you brush your teeth
Never or hardly ever
Every day or almost every day
Occasionally
32b. How many times a day you brush your teeth? (When you
brush every day)
Once a day
Twice day
More than once day
33. When do you brush your teeth?
In the morning
During the day
In the evening
34. Do you use tooth paste while brushing?
Yes
No
35. Do you use an electronic tooth brush?
Yes
No

36. Do you floss?
Yes
No
Q(8) 37. Do you skip brushing because you feel tired or you don’t feel
like brushing?
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Never or hardly ever
Every day or almost every day
Occasionally
38. How have you received information on oral health and how
to maintain it?
In the dental office during visits
Yes
No
School nurse, doctor
Yes
No
Parents/siblings
Yes
No
Friends
Yes
No
From brochures
Yes
No
In the internet
Yes
No
From TV, radio
Yes
No
From advertisements in magazines and public places
Yes
No
Other
Yes
No
39. Have you dental symptoms/tooth ache?
Yes
No
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40. Does drinking or eating sour items or temperature changes
cause pain in your teeth?
Yes
No
Q(1) 41. Do you think you have need for dental treatment?
Yes
No
Q(7) 42. How long ago did you visit an oral hygienist or a dentist?
Less than a year ago
1–2 years ago
3–4 years ago
5 years ago
More than 5 years ago
I don’t remember
Q(2) 43. Have you had
Q(2) Your teeth restored?
Yes
No
Your teeth scaled, polished?
Yes
No
Individual dietary instructions?
Yes
No
Individual oral hygiene lessons?
Yes
No
Orthodontic treatment?
Yes
No
Teeth extracted?
Yes
No
Q(9) 44. Did you visit the dentist last time because of tooth ache?
Yes
No
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45. During past 12 months have you had pain
In your face?
Not at all
Occasionally
Quite often
Often/all the time
In your jaws?
Not at all
Occasionally
Quite often
Often/all the time
46. Have you had following symptoms in your temporomandibular
joints?
Pain at rest
Not at all
Occasionally
Quite often
Often/all the time
Pain while moving the mandible
Not at all
Occasionally
Quite often
Often/all the time
Noise (rattling and cracking) of the joints
Not at all
Occasionally
Quite often
Often/all the time
Difficulty in opening the mouth
Not at all
Occasionally
Quite often
Often/all the time
47. Do you have your teeth checked regularly?
Yes
No
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48. Do you usually visit
A private dentist?
A municipal dentist?
Q(6) 49. Do you find visiting a dentist scary?
Not at all
A little/somewhat scary
Very much
50. Does your dentition influence your wellbeing?
Dentition has a positive influence on wellbeing (e.g. beautiful teeth)
Dentition has a negative influence on wellbeing (e.g. symptoms, or feel ashamed of the
appearance)

No influence
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