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Abstract
The aim of this study was to evaluate changes and interrelationships of oral health-related
knowledge, attitudes and behavior between the ages of 11 and 16 during a randomized clinical trial
(RCT) for controlling caries and a program of oral health promotion (OHP).
The study population consisted of all 5th and 6th graders who started the 2001−2002 school
year in Pori (n=1691) and Rauma (n=807), Finland. In Pori, children were exposed for 3.4 years
either to both the RCT experimental regimen and the OHP, or only to the OHP. Children in Rauma
acted as reference group. Questionnaire data on children’s knowledge, attitudes and behavior were
gathered before, in the middle and after the follow-up. Changes in children’s knowledge, attitudes
and behavior were compared according to the interventions to which they were exposed.
Individual changes in knowledge, attitudes and behavior were evaluated. The hypothesized model
that knowledge affects behavior directly and via attitudes was tested using structural equation
modeling (SEM).
The children who were exposed to both the RCT experimental regimen and OHP tended to
improve their behaviors the most, those exposed to OHP the second most, and those in the
reference group least. In knowledge and attitudes, no similar differences between groups were
observed. Over half of the children had stable behaviors throughout the study. Those children
whose behaviors changed were more likely to improve than to worsen them. Good baseline
behavior tended to help in recovering from lapses to poor behaviors and maintaining the achieved
good behavior. Among the same children, all three, knowledge, attitudes and behavior, tended to
improve. Knowledge influenced behavior directly and via two interrelated attitudes, and it had
smaller effect on behavior than on attitudes. Concern about developing caries lesions was a
background factor.
The experimental regimen of the RCT and the OHP were successful, and OHP enhanced the
effectiveness of the RCT. In childhood, behaviors are rather stable. If healthy behaviors are
learned young, lapses into poor behaviors are likely be temporary rather than permanent. Children
are ready for change at different times, so OHP’s should be continuous processes instead of shortterm interventions. Changes in knowledge, attitudes and behavior are related.

Keywords: adolescents, attitude, behavior, change, children, dental health, knowledge,
longitudinal, oral hygiene

Tolvanen, Mimmi, Nuorten suun terveyteen liittyvien tiedon, asenteiden ja tapojen
muutos suun terveyden edistämiskampanjan aikana.
Oulun yliopisto, Lääketieteellinen tiedekunta, Hammaslääketieteen laitos, PL 5281, 90014
Oulun yliopisto
Acta Univ. Oul. D 1126, 2011
Oulu

Tiivistelmä
Tutkimuksen tavoitteena oli selvittää suun terveyteen liittyvän tiedon, asenteiden ja tapojen
muutosta ja keskinäisiä suhteita 11 ja 16 ikävuoden välillä karieksen hallintaan liittyvän satunnaistetun kliinisen kokeen ja suunterveyskampanjan aikana.
Tutkimusjoukon muodostivat 5. ja 6. luokkalaiset lapset Porissa (n=1691) ja Raumalla
(n=807) lukuvuonna 2001–2002. Porissa lapset osallistuivat joko 3,4-vuotiseen terveyskampanjaan tai sekä kampanjaan että kliinisen kokeen hoito-ohjelmaan. Raumalaiset lapset toimivat
vertailuryhmänä. Kyselyaineisto kerättiin ennen, puolessa välissä ja jälkeen kliinisen kokeen ja
terveyskampanjan. Tutkimuksessa verrattiin eri interventioiden vaikutusta lasten tiedon, asenteiden ja tapojen muutokseen. Yksilöllisiä muutoksia tiedossa, asenteissa ja tavoissa selvitettiin.
Oletettua mallia, jossa tieto vaikuttaa tapoihin suoraan ja asenteiden kautta, testattiin rakenneyhtälömallituksen avulla.
Sekä kliiniseen kokeeseen että kampanjaan osallistuneet lapset onnistuivat tapojen parantamisessa parhaiten, vain kampanjaan osallistuneet toiseksi parhaiten ja vertailuryhmän lapset
huonoiten. Tiedossa ja asenteissa samanlaisia ryhmäeroja ei havaittu. Yli puolella lapsista oli
muuttumattomat tavat koko seurannan ajan. Lapset, jotka muuttivat tapojaan, todennäköisemmin
paransivat kuin huononsivat niitä. Lapset, joilla oli alussa hyvät tavat, todennäköisesti onnistuivat huonoon tapaan lipsahtamisen jälkeen parantamaan tapansa ja säilyttämään saavutetun
hyvän tavan. Yleensä ottaen samat lapset paransivat sekä tietoa, asenteita että tapoja. Tieto vaikutti tapaan suoraan ja kahden toisiinsa yhteydessä olevan asenteen kautta. Tieto vaikutti enemmän asenteisiin kuin tapaan. Harmi reikiintymisestä oli taustatekijä.
Kliinisen kokeen hoito-ohjelma ja terveyskampanja olivat onnistuneita, ja terveyskampanja
tehosti hoito-ohjelman vaikuttavuutta. Lapsuudessa tavat ovat melko pysyviä. Jos terveelliset
tavat opitaan jo nuorena, lipsahdukset huonoihin tapoihin ovat todennäköisemmin väliaikaisia
kuin pysyviä. Lapset ovat valmiita muutokselle eri aikoina, joten kampanjoiden pitäisi olla jatkuvia prosesseja eikä lyhytaikaisia interventioita. Muutokset tiedossa, asenteissa ja tavoissa ovat
yhteydessä toisiinsa, mikä tukee teorioita tiedon, asenteiden ja tapojen kausaalisesta ketjusta.

Asiasanat: asenteet, lapset, muutos, nuoret, pitkittäinen, suuhygienia, suunterveys,
tavat, tieto

There is no such thing as failure.
Only results.
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1

Introduction

No one remembers when or why he/she brushed his/her teeth for the first time, or
how it felt. The same applies for most oral health-related behaviors. Those are
behaviors that we repeat day after day. After repeating a certain behavior for a
long time, it may turn into habit. Habits are learned acts or sequences of acts that
have become automatic responses to certain cues or situations.
A human being is a very complex aggregate of little things, where nearly
everything may affect everything else. Behaviors are affected by intentions,
beliefs, knowledge and attitudes, but also by peers, parents, environment, and
numerous other things (Daly et al. 2002, Luszczynska & Sutton 2005, Janßen &
Pfaff 2005, DiClemente et al. 2005). Unhealthy behaviors, such as smoking,
unhealthy diet and poor oral hygiene, accumulate in children with other problems
in their lives (Schou et al. 1990, Hausen et al. 2000). Behaviors are usually
adopted from home and the surrounding environment at a young age (Tuckett
1976, Rossow & Rice 1994, Christensen 2004). To change behaviors that are
already established, children need to obtain knowledge from different sources and
social support from their parents, peers and other people in their daily
environment (Åstrøm & Jakobsen 1996, Åstrøm 1998, Kay & Locker 1998,
Prinstein et al. 2001, Daly et al. 2002, Prochaska 2005), especially since
education and motivation alone have not been shown to be enough to achieve
long-term changes (Chapple & Hill 2008).
The multidimensionality of behavioral change makes studying it, and factors
associated with it, a challenge, since there are so many aspects to consider.
Previously, an additional challenge was that the power of computers, software,
and data processing produced further limitations, for instance, when an attempt
was made to take into account independent variables and several dependent
variables and confounders and their interrelationships simultaneously. Nowadays,
because of the rapid development of computers, software and data processing, all
analyses can be made within seconds; and we would expect quite a boom in using
analysis strategies that were too complex and laborious to use just a short time
ago. However, the rise in use of these more complex analysis strategies has been
relatively slow, which can partially be explained by the time that it takes to learn
the techniques and for which situations they are suitable, but some of it is
probably due to unfamiliarity with these strategies. Thus, one of the contributions
of the present study is to introduce readers to these methods.
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2

Review of literature

2.1

Children’s oral health-related knowledge, attitudes and
behavior

Among schoolchildren, caries and other oral diseases are strongly related to
behavior, which indicates that the causes of behavior are consequential causes of
diseases. However, the causes of behavior are not necessarily causes of behavioral
change (Brug et al. 2005); however, this has not been studied in the context of
oral health. It has been suggested that recently children’s oral health-related
behavior has worsened. In Finland, the prevalence of twice-a-day toothbrushing
between the ages of 12 and 18 years varied between 13% and 25% among boys
and between 32% and 60% among girls (Kuusela et al. 1997). Eating patterns
have changed from regular structured meals to frequent unstructured snacking,
and consumption of sugary products has increased among schoolchildren
(Vereecken et al. 2004).
During the last decade, cross-sectional studies have also reported that
cognitive, attitudinal, and behavioral aspects of oral health cluster among children
and adolescents (Freeman et al. 2000, Poutanen et al. 2005, Smyth et al. 2007,
Petersen et al. 2008).
In addition, in cross-sectional set ups, studies involving two of these three
aspects have reported similar clustering: by Sun et al. (2002) for knowledge and
behavior, and by Basak et al. (2005) for attitude (self-efficacy) and behavior, and
by Honkala et al. (2006 & 2007) for attitudes (life- and school-satisfaction and
self-esteem) and behavior. Honkala et al. (2006 & 2007) selected their study
variables on life- and school-satisfaction and self-esteem factors based on the
WHO collaborative Health behavior in a study of school-aged children (Currie
1998). One cross-sectional study reported no association between cognitive,
attitudinal or behavioral aspects of oral health (Singh 2009).
Morowatisharifabad & Shirazi (2007) estimated relationships between
behavior-specific cognitions and oral health-related behaviors using structural
equation modeling. Their hypothesized model was Pender’s health promotion
model, and they concluded that behavior-specific cognitions and affect had a
direct effect on oral health-related behaviors. These results are further supported
by longitudinal studies involving only two of the three aspects mentioned
(cognitive, attitudinal and behavioral) (Åstrøm & Okullo 2004, Ayo-Yusuf et al.
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2009). Åstrøm & Okullo (2004) suggested that their study on predicting intended
and self-reported consumption of sugar supports the validity of the theory of
planned behavior. Ayo-Yusuf et al. (2009) used a more psychological approach
(an integrated salutogenic model) when evaluating the effect of adolescents’ sense
of coherence on toothbrushing. According to their results, sense of coherence,
vulnerability to depression and being in the preparation or action stage were
associated with the transition to twice-a-day toothbrushing, along with nonsmoking and living with their mother.
2.1.1 Changes by age
Oral health-related behaviors are expected to change some in the course of natural
development. Children attain the ability to think abstractly at about age 13–14
(the stage of formal operational thought) (Piaget 1986). From that time then they
can possess some concept of health and its relationship to behavior and therefore
regulate their behavior to promote health (Susman et al. 1992). The ability to
make behavioral decisions based on health-related issues also depends on how
good understanding, skills and abilities the individual has acquired on both
cognitive and affective levels by sociocultural and developmental forces (Green
& Horton 1982).
The results of studies that have reported changes in behavior due to increased
age without any intervention are somewhat contradictory. In general,
toothbrushing and consuming candies and soft drinks have been reported to be
rather stable in adolescence. Kuusela et al. (1996) found that in Finland, between
12 and 14 years of age rates of improvement in toothbrushing were higher among
girls than among boys, and that between 12 and 14 years, about 60% of the
children did not change their toothbrushing frequency.
Based on a Norwegian study, Åstrøm & Jakobsen (1998) have suggested that
frequency of toothbrushing is rather stable but that the frequencies of soft drink
use and eating sweets are less often stable between 15 and 18 years of age; and
even though there are differences in behaviors, the stability of the behaviors
should not vary much between the genders at this age, except for toothbrushing
and consumption of soft drinks. In another study with a slightly older study group
(15–23 years of age) a difference was also found in candy consumption (Åstrøm
2004). In addition, it has been reported that adolescents with good toothbrushing
behavior at baseline had more stable toothbrushing behavior during the follow-up
22

than did those with poor toothbrushing behavior (Åstrøm & Jakobsen 1998,
Åstrøm 2004).
Even though oral health-related behaviors differ between boys and girls, the
stability of these behaviors has been suggested to vary only for toothbrushing and
consumption of soft drinks and of candies, for which the rates of improvement
were reported to be higher among girls than among boys and that rates of
deterioration were higher among boys than among girls (Kuusela et al. 1996,
Åstrøm & Jakobsen 1998, Åstrøm 2004, Koerber et al. 2005).
In a study in which toothbrushing frequencies were evaluated in 32 countries,
the results showed that prevalence of more-than-once-a-day toothbrushing
increased with age in some countries but declined in others (Maes et al. 2006).
Hugoson et al. (2005) reported that in Sweden, prevalence of at-least-twice-a-day
toothbrushing was more common among older age groups than among younger
groups, as were frequencies of eating buns and biscuits and drinking soft drinks,
but they did not study the stability of these behaviors.
Knowledge has been reported to improve with age (Hedman et al. 2006).
Results of studies on oral health-related attitudes do not, however, give a clear
picture of how attitudes are formed (Kay & Locker 1998).
2.1.2 Changes related to interventions
In addition to long-term changes due to growing up, behaviors tend to be stable.
To change already established behaviors, children need to obtain knowledge from
different sources and social support from parents, peers, and other people in their
daily environment (Daly et al. 2002). When an attempt is made to improve
behavior, temporary improvements and lapses occur before the final pattern of
behavior is established (Prochaska 2005).
Various interventions with different designs and implementations have been
tried with the aim of improving children’s oral health-related behavior, knowledge
and attitudes. The results of most of these studies indicate that knowledge can be
improved and attitudes changed, but making long-term changes in behaviors is
more difficult (Kay & Locker 1998, Redmond et al. 1999, Mayer et al. 2003,
Biesbrock et al. 2004, Koerber et al. 2005). In their recent overview of oral health
promotion among adolescents, which included 31 studies, Brukienė &
Aleksejūnienė (2010) reported that all studies which evaluated knowledge
reported improvements, but the improvement in attitudes was only slight or
23

nonexistent. Oral hygiene was reported to improve, but not long-term, since
relapses in oral hygiene were also reported.
In general, education and motivation are not enough to achieve long-term
changes (Chapple & Hill 2008). There is also no evidence that information or
improvement in knowledge or attitudes alone leads to health benefits (Kay &
Locker 1998, Cialdini et al. 2005, Sgan-Cohen 2008). In most longitudinal
studies about changes in children’s oral health-related behaviors, the intervention
has been targeted only to the children themselves, not to other people involved in
their lives (Kay & Locker 1998, Redmond et al. 1999). Most studies have
included only two points of observation and, except for toothbrushing, there have
been no analyses of how the achieved good behavior has been maintained or has
relapsed (Kay & Locker 1998, Koerber et al. 2005). Furthermore, few studies on
oral health-related knowledge and attitudes have been made among children (Kay
& Locker 1998).
Clustering of cognitive, attitudinal and behavioral aspects of oral health
among children and adolescents has also been reported in intervention studies
with longitudinal setups. In a study by Koerber et al. (2006), a health education
intervention at school had no effect on toothbrushing frequency among AfricanAmerican children between 5th and 8th grades. However, they reported an
association between attitudes and behavior, but not between knowledge and
behavior.
2.2

Theories of behavior change

As with other habits and behaviors, those related to oral health are also adopted at
a very young age and usually from home and the surrounding environment
(Tuckett 1976). Behaviors come in packages, which mean that similar (healthy or
unhealthy) oral health-related behaviors cluster (Blaxter 1990).
Changing behavior is a very complex process which takes place over time
and in different stages, including temporary improvements and lapses (Prochaska
2005). Health-behavior change refers to processes that are motivational, volitional
and actional; and the processes aim at abandoning health-compromising
behaviors and adopting and maintaining health-enhancing behaviors. Healthbehavior change may be the result of development, learning, conditioning, or
extrinsic and intrinsic rewards, just to name a few. The process is affected by
many external and internal factors (Daly et al. 2002, Luszczynska & Sutton 2005,
Janßen & Pfaff 2005, DiClemente et al. 2005). External factors may be, for
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instance, social support and environment. Internal factors may be knowledge,
attitudes, intention and stress. According to the educational theory, the main
internal domains of learning are cognitive (factual knowledge), affective
(attitudes and beliefs), and behavioral (Forrest & Sheridan 1981, Daly et al. 2002).
Of the factors that influence behaviors, attitudes and knowledge have been
studied very often.
Allport (1935) defined an attitude as “social psychology’s most indispensable
concept”. It is a hypothetical construct, a judgment about an attitude object with a
positive or negative value, for example, good – bad, like – dislike, or important –
not important. People can also possess both positive and negative attitudes toward
the object simultaneously, which is called ambivalence. Attitudes are expected to
change according to experience, since most attitudes result from experience or
observational learning.
Plato’s definition specifies that a statement must meet three criteria in order
to be considered knowledge: it must be justified, true and believed (Bostock
1988). However, the debate about the definition of knowledge has been going on
for a long time. In the Oxford English Dictionary, two of the definitions presented
are expertise and skills acquired through experience or education, and theoretical
or practical understanding. In this summary, the meaning referred to by the word
knowledge is based on the Oxford English Dictionary, i.e. oral health-related
knowledge means theoretical and practical understanding acquired through
experience or education. Gaining knowledge is associated with complex cognitive
processes: perception, learning, communication, association and reasoning
(Cavell 2002). The term knowledge is also used to mean the confident
understanding of a subject with the ability to use it for a specific purpose, if
appropriate.
Many behavioral and social science theories and models have been used
when attempts have been made to understand and enhance health-related
behaviors (Bandura 1977, Daly et al. 2002, Luszczynska & Sutton 2005, Ajzen
2005, Claessen et al. 2008). These theories can be related to internal or external
factors that influence behavior or change as a process, or even to all of these.
2.2.1 Cognitive models of behavior change
Cognitive models are derived mainly from the social sciences and from
psychological and behavioral theories. In this chapter, the main focus is on those
cognitive models that are most used in studies concerning behavioral change
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related to oral hygiene. In its simplest form, the model only includes cognitive,
attitudinal and behavioral aspects, and it describes the order in which knowledge,
attitudes and behaviors change. This is called the knowledge-attitude-behavior
model (KAB model, or sometimes KAP model, referring to knowledge, attitude
and practice).
The KAB model assumes a causal chain: obtaining correct knowledge on
healthy behavior can directly lead to changes in health-related attitudes and
therefore contribute to improvement in health-related behavior (Forrest &
Sheridan 1981, Daly et al. 2002). For changes in attitudes and behavior to occur,
the provided knowledge should be motivational. This model is quite simple, and
after it was introduced, several factors other than knowledge and attitudes alone
have been found to influence behavior.
Over the years it has been shown that an increase in knowledge does not
necessarily lead to improvement of behavior, indicating that the KAB model does
not describe the whole picture of behavior change (Forrest & Sheridan 1981). The
main limitations of the KAB model are that it does not include individual
capability (such as lack of specific skills, resources, empowerment and routines)
and external constraints (such as lack of choices, social norms, and social,
economic and political contexts) (Leiserowitz et al. 2004).
Since knowledge and attitudes alone are not necessarily enough to cause
behavior change, a theoretical shift from the KAB model to more complex
models is occurring. Many other factors have been suggested to be better
predictors of successful behavior change; skill building, self-efficacy and
intentions, and specifically, prompts/triggers, goal setting and commitment
strategies, increase the likely success of creating behavior change (Bandura 2001,
Schneider & Cheslock 2003). Emotions and moral convictions, personal
background, social contexts and norms, and knowledge about the consequences of
actions also play a role in changing behavior (Farrior 2005).
According to most of the other, more complex cognitive models that predict
behavior (social learning theory), likelihood to act (health belief model), or
intention (theories of reasoned action and planned behavior), knowledge is a
background factor that influences attitudes toward behavior and therefore the
behavior itself (Daly et al. 2002, Luszczynska & Sutton 2005, Claessen et al.
2008), the causal chain being similar to the KAB model (Bandura 1977, Ajzen
2005, Luszczynska & Sutton 2005).
Social learning theory (or social cognitive theory) assumes that cognitive
processes, such as self-efficacy and outcome expectations, regulate health-related
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behavior (Rotter 1954, Bandura 1977). Self-efficacy means the individual’s belief
in his/her ability to act in a certain way and stands for control over personal action.
Outcome expectations mean the individual’s vision of consequences that may
result from certain behavior. Outcome expectations can be physical, social or
related to self-esteem. Even though self-efficacy and outcome expectations are the
main predictors of behavior in the social learning theory, it also includes other
predictors: sociostructural factors (perceived opportunities, facilitators, and
impediments) and goals. In other words, according to the social learning theory,
behavior is predicted by self-efficacy and outcome expectations of the behavior in
question and the view on the facility and importance of that behavior (Figure 1).

Fig. 1. Social learning theory.

The health belief model (Figure 2) suggests that the key factors in changing
behaviors are perceived susceptibility to a certain illness and perceptions about its
severity (Rosenstock 1966, Becker 1974). The original model included four
constructs: perceived susceptibility, perceived severity, perceived benefits and
perceived barriers. Perceived susceptibility describes an individual's assessment
of his/her risk of getting the condition, perceived severity describes an assessment
of the seriousness and potential consequences of the condition, perceived benefits
describe an assessment of the positive consequences of adopting the behavior, and
perceived barriers describe an assessment of the influences that discourage
adoption of the promoted behavior.
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Constructs of mediating factors were later added to the health belief model to
connect the various types of perceptions with the predicted health behavior. These
were: perceived threat, cues to action and background variables (demographic and
socio-psychological). Perceived threat describes the individual’s assessment of
how great is the danger imposed by not undertaking a certain recommended
health action. Cues to action are external influences promoting the intended
behavior, which may include information, encouragement, persuasive
communications and personal experiences. As a summary of this final version of
the health belief model, the likelihood of acting is influenced by an individual's
assessment of her/his risk of getting the condition and its potential consequences,
and different kinds of mediating factors.

Fig. 2. Health belief model.

The theory of reasoned action was derived from the social psychology setting and
proposed by Ajzen and Fishbein (1975 & 1980). In the theory of reasoned action,
the main component is behavioral intention. Other components are attitude and
subjective norm. The theory suggests that a person's behavioral intention depends
on his/her attitude about the behavior and subjective norms. If a person intends to
act in a certain way, then it is likely that he/she will do it. Behavioral intention
measures an individual’s relative strength of intention to perform a behavior.
Attitude consists of beliefs about the consequences of performing the behavior
and the individual’s valuation of these consequences. A subjective norm consists
of perceived expectations and intentions to comply with these expectations.
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Stated simply, behavior is predicted by attitude toward that behavior and the
thought of how other people would view performing the behavior (Figure 3).

Fig. 3. Theory of reasoned action.

The theory of planned behavior is an extension of the theory of reasoned action,
which was modified by Ajzen (1985) himself. The extension involves adding a
new predictor to the model: perceived behavioral control. This addition was made
because people may have the intention of acting a certain way; but because of a
lack confidence or control over behavior, they do not act that way after all. As a
behavioral process, the theory of planned behavior is presented in Figure 4.

Fig. 4. Theory of planned behaviour.

2.2.2 Change as a process
Stage theories assume that behavioral change can be seen as a process. Change
takes place over time and in different stages; and for each stage, different
determinants are important (Sutton 2005) A widely used model, the
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transtheoretical model (also known as the stages of change model), concentrates
purely on change as a process.
The transtheoretical model assesses an individual's readiness to act on a new
healthier behavior (Prochaska & DiClemente 1983). It also provides
strategies/processes of change to guide the individual through the stages of
change to action and maintenance. The stages of change are precontemplation,
contemplation, preparation, action, maintenance and termination (Figure 5).

Fig. 5. Stages and processes of change according to the transtheoretical model.

In the precontemplation stage, the individual is not going to change her/his risk
behavior. This may be due to lack of knowledge of the consequences of the
behavior or many failed attempts that have raised doubts about the ability to
change the behavior. The contemplation stage takes place when an individual is
intending to change the behavior in question within the next six months, and the
preparation stage occurs when the individual is going to take action in the very
near future. An individual is in the action stage when he/she has changed the
behavior within the past six months. In the maintenance stage, an individual is
working to prevent relapses, but compared to those in action stage, she/he is less
tempted to relapse and more convinced that they can maintain the achieved
healthy behavior. The maintenance stage lasts from six months to five years. In
the termination stage the individual does not feel any temptation, but even when
in bad conditions, such as being depressed, sick or tired, she/he knows for sure
that she/he will not relapse onto old bad habits. It is as if she/he had never had the
bad habit in the first place.
However, little empirical evidence about stage differences has been presented
(Sutton 2000), but differences between individuals in the precontemplation stage
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and those who have already passed that phase have been reported (Brug et al.
2005).
2.2.3 Cognitive models with process approach
There are also some cognitive models that, even though they are mostly related to
internal factors which influence behavior, also recognize that change is a process.
The health action model is a combination of the theory of reasoned action and
the health belief model, in which health actions are trichotomized into routines,
quasi-routines, and one time choices (Tones et al. 1990). Health actions can be
strengthened or weakened by policies and education. Policies are supposed to
create an influencing environment and norms. Education is supposed to affect
knowledge, skills, beliefs, motivation and normative systems. The health action
model includes feedback on the process of changing health actions into different
categories (Figure 6).

Fig. 6. Health action model.

The health action process approach, which is an open framework of various
constructs related to motivation and will, was developed by Schwarzer (1995).
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This approach suggests that the adoption, initiation and maintenance of health
behaviors should be conceived of as a structured process including a motivation
phase and an adherence phase. The motivation phase describes the formation of
intention (risk perception, outcome expectancies and preaction self-efficacy). The
adherence phase refers to planning and action (initiative, maintenance, recovery).
The model strongly emphasizes that self-efficacy has a particular role at different
stages of health behavior change (Figure 7).

Fig. 7. Health action process approach.

2.2.4 Environmental determinants of behavior change
There are also other factors that influence behavior, such as environment and
social support. The effect of environment can also be seen in one of the models
presented earlier, the health action model, which includes policies and education.
There are also models that merely concentrate on environment or social support.
Of these, the social support model is the most used in oral health research.
The social support model in its present form was developed by
epidemiologists, sociologists, psychiatrists, and psychologists. The roots of the
model can be traced back as far as 1897 to a study comparing suicide rates among
Protestants and Catholics (Durkheim 1951). The model involves presence,
structure and content of social relationships (Macinko & Starfield 2001,
Pescosolido & Levy 2002). The presence of social relationships is called social
integration, and it includes aspects such as availability and number of possible
relationships. The structure of social relationships is referred to as social network,
which includes factors such as size, density, duration and intensity. The content of
social relationships is referred to as the extent of support and describes different
32

types of support, such as affection, trust, esteem, advice, material help and
solidarity. The social support model involves four basic rules concerning the
effect of social support: 1) stress affects health; 2) support prevents and
diminishes stress; 3) support reduces consequences of stress; and 4) support
contributes to health and wellness.
However, since changing behavior is a very complex process with many other
internal and external factors that influence behavior in addition to those
mentioned in this chapter, none of these models has succeeded in describing the
whole picture (Luszczynska & Sutton 2005, Janßen & Pfaff 2005, DiClemente et
al. 2005).
2.3

Intervention strategies for promoting oral health

Even though many models about changing behaviors have been introduced, the
real challenge is translating the theory into a workable practical solution for
interventions (Claessen et al. 2008), in particular because personal and
environmental factors that influence behavioral change differ between individuals,
and behavioral change is also influenced by stress, social support and
environment.
For interventions, the mechanisms of action can be divided to conceptual
theories and action theories (Chen 1990). Conceptual theories are theories of
determinants of behavior (linking determinant and action), while action theories
are theories about how to influence these determinants.
The socio-ecological model for health behavior is related to intervention
strategies and views health as combination of people and environment
(Bronfenbrenner 1979). Change can be measured and interventions can be
targeted to individual, group (such as family), organization (such as school),
community or societal level. The level of intervention describes to whom the
intervention is targeted, and at whom the intervention is aimed in terms of
improving their knowledge, motivation or skills related to health behavior.
For many years, environmental education and communication campaigns
have followed the KAB model, which has been instrumental in designing
environmental programs of education since 1975 (Farrior 2005). In studies of oral
health-related behavior, the published papers do not usually report the theory
behind the study design. This might be because they are usually based on the
KAB model, especially those that include intervention, as has been common
practice for decades.
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In fields of health-behavior change other than dentistry, it has been reported
that theory-based interventions are more successful in behavioral change than are
interventions without theory (Peters et al. 2009, Webb et al. 2010). Painter et al.
(2008) reported in their review that only 36% of the health-behavior articles
published in 2000–2005 mentioned theory. Of those articles, 59% reported that
their research was formed by theory, 22% reported applying theory, 7% reported
testing theory and 12% reported building theory.
2.3.1 Background of the context of the current study
Two programs of caries prevention that were targeted to Finnish children with
high caries risk resulted in ordinary health education and preventive procedures
performed in dental clinics not achieving significant results (Seppä et al. 1991,
Hausen et al. 2000).
Therefore a randomized clinical trial (RCT) was conducted in Pori, Finland,
in 2001−2005. The aim was to determine whether caries can be controlled if
children with active initial caries are offered individually designed counseling on
oral hygiene and diet, and noninvasive clinical measures in a context where
continuous community-level program of oral health promotion using various
approaches was targeted not only to the trial participants, but also to their peers,
parents and others involved in the children’s everyday life. The aim of the
promotion program was that the children would accumulate relevant, sufficient
and correct knowledge and improve their oral health-related behavior and, in
particular, provide social support for the children in the RCT experimental group
to improve their behavior (Hausen et al. 2007).
The results of the RCT showed that the caries increment was significantly
lower in the experimental group than in the control group during the 3.4-year
follow-up (Hausen et al. 2007). However, among those children who, at baseline,
ate candy at least once a day and who did not brush their teeth at least twice a day
the experimental regimen of the RCT was less successful than among children
who ate less candies and brushed their teeth more frequently (Hietasalo et al.
2008). The results also suggested that indifference of getting cavities may indicate
that a child is likely to have a caries problem (Hietasalo 2010). In the
experimental group treatment costs were higher for the trial period (Hietasalo et
al. 2009) but lower for the post-trial period (Hietasalo et al. 2010) than in the
control group. For both periods the clinical outcome was better in the
experimental group than in the control group.
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Baseline data from Pori revealed that unfavorable (and favorable) knowledge,
attitudes, beliefs, and behavior tended to accumulate in the same children. Girls
were more likely to have healthy oral health-related lifestyle than boys were. For
both boys and girls, those who considered toothbrushing important for pleasing
authorities were more likely to have a healthy lifestyle. In addition, the parents'
model was important for both genders, but its effect was stronger among boys
than among girls. Attitudes on health and appearance were positively associated
with health-related lifestyle among girls. Parents' oral health-related lifestyle had
a slightly stronger effect on boys’ lifestyle than on girls’ lifestyle. However,
among girls, the presence of initial caries at baseline was associated with many
parent-related factors but among boys, most of these factors were related to the
child. (Poutanen et al. 2005, Poutanen et al. 2006, Poutanen et al. 2007a,
Poutanen et al. 2007b)
2.4

Methods for assessing behavioral change

2.4.1 Measurements
The results are only as good as the data. This raises the question of how to
measure all the needed variables so that the data would be reliable, valid and
unbiased. The previously mentioned theories do not give clear instructions on
how to measure and operationalize knowledge, attitudes and behaviors. Instead, it
has been suggested that researchers using the theory of reasoned action, the
theory of planned behavior, or the social learning theory create their own set of
measures that capture the age and culture specificity of the population studied.
Measuring all the necessary variables at the same level of specificity or generality
maximizes predictive power. (Sutton 1998, Bonetti & Johnston 2008)
Behaviors can be measured using self-reports of past behavior (one
questionnaire is enough) or asking the participants to write in a diary (quite
laborious/troublesome for the participant), or actually observing the participants’
behavior (nearly impossible). The same applies for measuring change; the
measurement can be objective (direct observation of change) or subjective
(participants perception of change). To achieve as high a response rate as possible,
it is often tempting to choose the option that is easiest for the participants,
especially since those options are also financially attainable. (Sutton 1998,
Streiner & Norman 2008)
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Habits are more troublesome to measure than behaviors. When measuring
behavior, a researcher does not know whether the behavior in question has
become established as a habit (frequency, automaticity, functionality) even if it is
a repeated behavior (Verplanken & Orbell 2003). Habituation is of interest mostly
in intervention studies, in which the length of the follow-up, and therefore the
time frame of maintaining the behavior, is often used when determining
habituation. However, in intervention studies it is a successful result if
participants repeat the new desired behavior, even if it has not yet became a habit.
2.4.2 Validity of self-reported behaviors
The use of self-reports is often considered harmful for validity and reliability.
Cook and Campbell suggested that subjects’ responses are affected by how they
think they are expected to respond and what is from their point of view the
positive answer. In addition, human memory is fallible, which affects the
reliability of self-reported data (Schacter 1999). Brener et al. 2003 suggested that
adolescents’ self-reports of behaviors are affected by both cognitive and
situational factors, but not equally for all behaviors, so if the data are based on
self-reports, these factors have to be evaluated (Brener et al. 2003). However,
there are also different opinions, Chan (2009) asserted that self-reported data
being incompetent is nothing but an urban legend, and Khoury et al. (1994)
argued that in the field of epidemiology the effect of recall bias is overestimated.
Ray (1987) suggested that self-reports can appear to be exceedingly valid if selfreport scales and validity criteria match in complexity the concepts they are
supposed to measure.
Jamieson et al. (2004) and Pakpour et al. (2011) suggested that among
children and adolescents self-reported toothbrushing is clinically valid.
Among adolescents, good agreement between food frequency questionnaires
and diet records were reported, but the level of agreement varied according to
type of food (Zulkifli & Yu 1992). It has also been reported that even though food
frequency questionnaires correlate with 24-hour recall (Rockett et al. 1997), they
often underestimate consumption of many types of food (Frank et al. 1992, Field
et al. 1998). Reviews of the validity of methods for assessing dietary behavior
reported that correlations between self-reported data and objective measures were
generally higher for diet records and recalls than for food-frequency
questionnaires, with underreporting of food intake among older children and
adolescents (McPherson et al. 2000, Hill & Davies 2001, Brener et al. 2003).
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Self-reported tobacco use is often expected to be underreported because of
perceptions of privacy and confidentiality (Brener et al. 2003). However, selfreports have been reported to be reliable estimates of adolescents’ smoking
(Kentala et al. 2004). Several studies have also shown strong agreement between
self-reported and biochemical measures of tobacco use among adolescents (Akers
et al. 1983, Martin & Newman 1988, Bauman & Ennett 1994, Walsh et al. 2000,
Caraballo et al. 2004). Among adolescents, the test-retest reliability of selfreported behaviors is very high for behaviors related to tobacco use, higher than
for other health-risk behaviors (Brener et al. 2002).
Concepts of interest can be defined in a very specific way or in more general
terms, for instance, behavior of interest can be toothbrushing with fluoride
toothpaste at least twice a day or just healthy lifestyle. If the aim is to study some
particular concept, single-item measures or variables are feasible. A more
common, and often more useful, way is to define the concept of interest more
generally. In that case, there are usually many different items to be measured and
studied, from which the variable describing the concept of interest is formed.
However, multiple-item measurement scales are not automatically better than
single-item measures. (Gardner et al. 1998, Streiner & Norman 2008)
For attitudes, since there is no specific generally approved theory about
measuring attitudes, using just one item could make the results seem insufficient
or nongeneralizable (Breckler & Wiggins 1989). It has been suggested that even
though among adults single-item scales can be as reliable and valid as multipleitem scales, among children single-item scales have only moderate convergent
validity (Robbins et al. 2001). Because of lack of clear instructions on measuring
and attitudes, the use of different concepts varies. When a community-level
program of promotion was designed to create an environment with social support
for the participants of the RCT in Pori, the key elements were considered to be
cognitive, attitudinal and behavioral aspects of oral health. In the process, this
affected naming the attitudinal factors as attitudes in this study. However, the
attitude ‘Importance of toothbrushing for acceptance’ used in this study and
‘Importance of being liked’ used by Koerber et al. (2006), are very similar to
‘subjective norm’, which is used in many cognitive theories and attitudinal studies
(Åstrøm & Okullo 2004, Sniehotta et al. 2007); and ‘importance of toothbrushing
when participating in social situations’ used in this study is also quite similar.
Many studies have had appearance (or physical self-esteem) as its own variable
(Honkala et al. 2006, Koerber et al. 2006, Honkala et al. 2007), but in this study
one attitude consisted of both health and appearance aspects.
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When multiple items are used and it is beforehand hypothesized which items
come in packages or which particular items will be combined, for instance, based
on recommendations, mean values and sum scores are often used. If there are
plenty of items, but no beforehand hypothesized structure for them, factor
analysis may be the answer (Floyd & Widaman 1995).
2.4.3 Factor analytic techniques
Factor analysis is one of the oldest multivariate methods still in use. It can be used
to reduce the number of several observed variables to few unobserved factors by
seeking packages of correlating variables, which have joint variation that can
reflect the variations in the factors. In factor analysis, the observed variables are
modeled as linear combinations of the potential factors and error terms. The
information gained about the interdependencies between observed variables can
be used later to reduce the set of variables in a dataset. (Floyd & Widaman 1995,
Byrne 2001)
Even though all the following techniques are usually, as in this dissertion,
referred to as factor analysis, the correct term would be factor analytic techniques.
Factor analytic techniques include factor analysis, which can be divided into
exploratory factor analysis (EFA), confirmatory factor analysis (CFA) and
principal component analysis (PCA). The difference between EFA and CFA is that
in EFA there is no structure hypothesized beforehand for which items load on
which factors, as is the case in CFA. PCA is very similar to EFA in terms of use
and purpose; they both aim at reducing the number of variables and detecting
structure in the relationships between variables, but mathematically and
philosophically these are two different techniques. (Woods & Edwards 2008)
EFA is the most common form of factor analysis. It was first presented by a
differential psychologist Charles Spearman (1904) and is used for uncovering the
underlying structure of a relatively large set of variables. When performing EFA,
the researcher has no prior assumption about what kind of or how many factors
the analysis will reveal or which item (indicator) is associated with which factor;
instead of prior theory, factor loadings are used to intuit the factor structure of the
data (Yates 1987, Floyd & Widaman 1995).
The basic idea of PCA, the method of principal axes, was developed by
statistician Karl Pearson (1901), and the method was further developed to its final
form by statistician Harold Hotelling (1933). PCA solves a problem similar to the
problem of EFA, but is different enough to lead to confusion. The central concept
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in PCA is summarization; replacing a large set of variables by a smaller set which
best summarizes the larger set. In PCA, factors are called components. PCA states
and solves a well-defined statistical problem; and, except for some special cases,
it always produces a unique solution with fine mathematical properties. It can
even provide the exact solution for some very artificial practical problems. The
potential difficulty rises when we try to relate PCA to real-life scientific problems;
the match is simply not very good. Actually, PCA often provides a good
approximation to EFA, but that is not essential nowadays because both methods
are now easy to perform with modern computers and softwares. (Fabrigar et al.
1999, Matsunaga 2010, Woods & Edwards 2008)
The main differences between EFA and PCA can be summarized as follows.
In PCA, all variance between the variables is analyzed and the relation between
variables is technically assessed; hence the variables generate the components,
and the components are unambiguous, i.e. loadings of the first components are the
same regardless of the number of components. In EFA only some of the variance
between the variables is analyzed, and some is considered to be error variance.
Based on an underlying theory, the variables are assumed to be related and hence
factors form variables, and the loadings depend on how many factors are included.
It has been suggested that PCA is suitable technique when the aim is to determine
the structure of the correlation matrix based on the data, and EFA is suitable when
a researcher has an idea of what kind of the underlying theory should be. It also
must be kept in mind that in PCA variables do not have to be normally distributed
as they do in EFA. (Fabrigar et al. 1999, Tabachnick & Fidell 2007, Woods &
Edwards 2008, Matsunaga 2010)
CFA procedures were developed mainly in the 1970’s during the development
of statistical software package called LISREL (acronym for linear structural
relations) (Jöreskog 1969 & 1971). In CFA, a researcher has to have specific
factor structure hypothesized beforehand for a set of variables. CFA seeks to
determine whether the number of factors and the loadings of measured indicators
on them correspond to expectations based on the theory defined beforehand. The
researcher has a prior assumption of the number of factors, and usually these are
also labeled in advance. For each factor a specified subset of indicator variables
are assumed to be associated with that factor, and items are selected based on this
association. CFA provides information on whether the number of factors is what
was expected, and whether the items load onto those factors as predicted. There
are three types of CFA’s. In a strictly confirmatory study, the previously
hypothesized model is tested; and based on the results, is either approved or
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declined. The second mode is to test several optional models and approve the best
fitting model. The third mode is constructing a better fitting model when the
original model fails. (Russell 2002, Kline 2005, Streiner 2006, Norman &
Streiner 2008)
Even though it is usually hypothesized which variables will load on which
factors, the minimum requirement for performing a CFA is that the number of
factors in the model be hypothesized in advance (Sudhahar et al. 2006).
2.4.4 Bivariate and multivariate associations
Research questions can involve bivariate associations, multivariate associations or
interrelationships. Bivariate association includes an association between two
variables only. Multivariate association includes associations between a
dependent variable and several independent variables, and is usually analyzed
using some kind of modeling, most commonly generalized linear modeling. It is
especially useful when studying the association between independent variable and
one of the dependent variables, and rest of the dependent variables are considered
to be confounders that affect the association of interest. When multivariate
associations are studied, only the associations between the independent variable
and the dependent variables are studied, but not the interrelationships between
dependent variables. The interrelationships between all variables at the same time
can be analyzed using structural equation modeling. (Kline 2005)
2.4.5 Structural equation modeling
Structural equation modeling (SEM) is a collection of statistical methods that
enable us to study the structure of the data (i.e. interrelationships between the
variables). It aims to study whether the hypothesized theoretical model fits the
data. Study questions and hypotheses have to be clearly predefined so that they
can be specified to statistical models. SEM can be divided into three
subcategories: path analysis, confirmatory factor analysis, and structural
regression modeling. (Byrne 2001, Kline 2005, Streiner 2006)
The aim of path analysis is to estimate a hypothetical causal relationship. The
researcher has to have a clear study hypothesis that can be presented in one path
diagram. Thus, path analyses cannot be used in exploratory studies. It also cannot
be used if the path diagram includes feedback loops; there has to be
straightforward causal progress. While “normal” regression analysis estimates
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how one or several dependent variables affect the independent variable, path
analysis is a series of multiple regression analyses with a separate regression
analysis for each path. Path analysis has to be performed with observed variables,
not latent variables like factors. (Byrne 2001, Kline 2005, Streiner 2006)
Confirmatory factor analysis is a subcategory of factor analysis, but it is also
a subcategory of SEM, since it involves modeling of structure with a theoretical
model that is hypothesized beforehand. In the context of SEM, CFA is often
referred to as a measurement model. (Hoe 2008, Norman & Streiner 2008, Woods
& Edwards 2008)
Structural regression modeling is like performing the first two, path analysis
and confirmatory factor analysis, at the same time, using latent variables for path
analysis. In order to model the structure of the data as accurately as possible, it
performs multiple regression and factor analyses at the same time. (Kline 2005,
Streiner 2006, Woods & Edwards 2008)
All these SEM techniques are merely the tools; the theory must always be
hypothesized in advance. Before SEM is performed, it also should be considered
whether all essential variables are in the model, since adding and removing
variables changes the model, if there are non-linear associations between the
variables; and if there are optional models, since even if the model fits the data,
there might be other models that fit the data just the same. SEM is mostly a
technique for cross-sectional data; in longitudinal setup, similar testing is usually
done using latent growth models. (Byrne 2001, Kline 2005, Norman & Streiner
2008, Woods & Edwards 2008)
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3

Aim of the present study

The general aim of this study was to evaluate the effects of different strategies for
oral health promotion on oral health-related knowledge, attitudes and behavior
among children between the ages of 11 and 16 years during a randomized clinical
trial on controlling caries and a program of oral health promotion.
The specific research objectives were
1.
2.
3.

4.

to study the effect of oral health promotion on self-reported oral healthrelated knowledge, attitudes and behavior
to study the effect of combined health promotion and risk-strategy approach
on self-reported oral health-related knowledge, attitudes and behavior
to study individual changes in self-reported behavior and related factors
including interrelationships between changes in knowledge, attitudes and
behavior during interventions
to determine the interrelationships between self-reported knowledge, attitudes
and behavior related to toothbrushing in a reference group not exposed to any
of the studied interventions.

The study hypotheses were: 1) oral hygiene improves with age, 2) consumption of
snacks and sugary products increases with age, 3) better dental health of children
exposed to extensive oral health promotion is mostly due to improved oral health
behaviors, and 4) interrelationships between oral health-related knowledge,
attitudes, and behavior exist and can be demonstrated.
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4

Material and methods

4.1

Setting and participants

The original study population consisted of all 5th and 6th graders who started the
2001–2002 school year in the towns of Pori and Rauma, Finland, except for
mentally disabled and handicapped children attending special schools. Children
were 11- to 12 years old in the beginning of the study. The number of eligible
children was 1691 in Pori and 807 in Rauma. In Pori, the children were exposed
either to a program of oral health promotion (OHP) or to both the OHP and the
experimental regimen of the randomized clinical trial (RCT) on controlling caries.
The OHP and the RCT were implemented for 3.4 years.
In the town of Rauma, all children of the same age as those in the target
group in Pori were used as a reference group. They received ordinary Finnish
dental care, i.e. free of charge regular check-ups and all necessary treatments,
including prevention; but no oral health promotion or other specific extra
interventions were implemented.
A summary of the study population based on their caries status and the
interventions they were exposed to are presented in Table 1.
Table 1. Summary of the interventions for the study population.
Town

Pori

Rauma

Experimental

Program

initial

regimen of the

of OHP

caries

RCT

Active

Intervention group

Weights for hypothetical data
sets in Pori
Combination

Promotion

Yes

RCT experimental group

+

+

2

0

Yes

RCT control group

-

+

0

2

No

Oral health promotion

-

+

1

1

n.a.

Reference group

-

-

-

-

RCT, randomized clinical trial; OHP, oral health promotion; Combination, RCT intervention for high risk
group and oral health promotion for all; Promotion, only oral health promotion for all

The data for this study were collected using three questionnaire surveys. The first
survey was implemented before (Fall 2001), the second in the middle (Spring
2003), and the third after (Spring 2005) the OHP and the RCT in Pori and
simultaneously in the reference town Rauma.
In Pori, the first questionnaires in Fall 2001 were administered to 1691 pupils,
and completed questionnaires were received from 1649 (97.5%) pupils. The
second survey was conducted in Spring 2003, when the questionnaires were
45

administered to 1651 pupils and completed questionnaires were received from
1537 (93.1%) pupils. The third survey was made in Spring 2005, when the
questionnaires were administered to 1659 pupils and completed questionnaires
were received from 1598 (96.3%) pupils. Detailed description of the data
collection and participants in different phases of the study are presented in Table 2.
In Pori, the children were identified and the data combined into one set of
longitudinal data and studied at individual level.
Table 2. Participants in different phases of the study in Pori.
Year

Phase

Number of participants
Cross-sectional
data sets

Original sample
2001

Questionnaires to all 5th and 6th graders

1691

Questionnaires returned

1649

1649

Questionnaires properly filled out and included in the study

1638

1638

Experimental group
Control group
Questionnaires to all 6th and 7th graders
Questionnaires returned

1537

Questionnaires properly filled out and included in the study

1522

Experimental group
Control group
Questionnaires to all 8th and 9th graders

497

497

250

250

247

247

1460
463

463

234

234

229

229

1659

Questionnaires returned

1598

Questionnaires properly filled out and included in the study

1595

Of which children in RCT

1691

1651

Of which children in RCT

2005

data
1691

Of which children in RCT

2003

Longitudinal

1362
474

437

Experimental group

238

224

Control group

236

213

RCT, randomized clinical trial

In Rauma, the questionnaires were administered to 807 pupils in 2001, and
completed questionnaires were received from 734 (91.0%) pupils. In 2003, the
questionnaires were administered to 850 pupils, and completed questionnaires
were received from 757 (89.1%) pupils. In 2005, the questionnaires were
administered to 827 pupils, and completed questionnaires were received from 749
(90.6%) pupils. In Rauma, there was no identification of children; and the data
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consisted of three different cross-sectional data sets which, can be studied at
group level.
The Ethics Committee of the Northern Ostrobothnia Hospital District and the
City of Pori gave their approval for this study.
4.2

Interventions

4.2.1 Program of oral health promotion
A continuous community-level program of oral health promotion was
implemented in Pori and targeted to the schoolchildren and to all persons
involved in their everyday life. The OHP aimed to accumulate relevant, sufficient
and correct knowledge of oral health problems and how to prevent them. It also
aimed to help the children to change their oral health-related behavior and, in
particular, to provide social support for children in the experimental group of the
RCT. The OHP was implemented using various approaches in close cooperation
with the local health and school authorities and local media, which provided good
coverage throughout the program.
The first phase of the program was carried out among 5th and 6th graders
during the 2001−2002 school year. For this phase, the main themes were brushing
teeth twice a day with fluoride toothpaste, using xylitol products after meals, and
healthy eating habits, such as avoiding constant nibbling. This was carried out as
a pupil-oriented school campaign; children prepared projects of oral health
promotion using videos, computer games, PowerPoint presentations, plays and
posters; during the process they acquired relevant, sufficient and correct
information. As an exercise in improving social skills, they also presented these
projects in different contexts including schools, libraries, leisure facilities such as
sports clubs, and at a large regional school fair in Pori. Guidance and supervision
for pupils and teachers were provided by oral health personnel.
The second phase of the program of oral health promotion was carried out
during the 2002−2003 school year, when the children in the study group were 6th
and 7th graders. This phase was planned based on experiences from the first phase,
to increase the children’s knowledge of oral health hazards in the school
environment. Community analyses of the presence of soft drink or candy vending
machines at schools and possibilities to buy candies or soft drinks elsewhere
during the school day were conducted by school classes. The results were
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discussed with the pupils and school nurses. The parents also organized a meeting
to discuss what makes a healthy school environment, including topics like
avoiding vending machines, encouraging pupils to eat free school lunches, and
availability of drinking water. Local mass media also highlighted aspects of a
healthy school environment regularly.
The third phase of the program of oral health promotion was carried out
during the 2003−2004 school year when the children were 7th and 8th graders.
Based on the evaluations of the previous phases, this phase was designed to
increase daily toothbrushing frequency with the campaign “Once a day is not
enough”. In this campaign, oral health personnel provided information targeted to
the entire community, at schools, stores, fairs and in the media.
4.2.2 Randomized clinical trial on controlling caries
In 2001, 93% of the 5th and 6th graders in Pori were screened to ascertain whether
they had active initial caries lesions or not. A randomized clinical trial was
conducted among those children with at least one active caries lesion. The aim of
the RCT was to determine whether caries can be controlled if children with active
initial caries are targeted with individually designed counseling on oral hygiene
and diet, and by using noninvasive clinical measures.
Those children who had at least one active caries lesion were given an
informed-consent form to take their parents. Children who returned a signed
consent form were invited for a dental examination. Those attending the
examination were randomly assigned to experimental and control groups using
computer-generated random numbers. Numbers of subjects in different phases of
the study are presented in Figure 8.
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Fig. 8. Numbers of participants in the different phases of the randomized clinical trial
in Pori.

Children in the experimental group were offered an individualized regimen for
caries control that aimed at identifying and eliminating those factors that had led
to the presence of active caries. Toothbrushes and fluoride toothpaste as well as
fluoride and xylitol lozenges were distributed to the children, who also received
applications of fluoride and chlorhexidine varnish.
Children in the control group received the ordinary dental care that is offered
in the public dental clinics in Pori. Ordinary dental care in Pori/Finland for
children under 18 years of age is free of charge and consists of regular check-ups
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and all necessary treatments, including prevention. More detailed descriptions of
the RCT and the contents of ordinary dental care in Pori/Finland have been
published previously (Hausen et al. 2007).
4.3

Questionnaires and measurements

The questionnaires contained structured and open-ended questions with both
single and multiple items concerning oral health-related behaviors (31 items),
attitudes (18 items), knowledge (5 items) and background information. The
questionnaires were the same in both towns, except in 2001, when the question
about the child’s gender was omitted by mistake on the questionnaires used in
Rauma. Identification variables were also included in the questionnaires used in
Pori, but not in those used in Rauma.
Oral health personnel distributed the surveys to the children at school to be
filled out during the lesson. The children returned the completed questionnaires,
which were sealed in envelopes. Details and results of the baseline survey have
been reported previously (Poutanen et al. 2005, Poutanen 2007), and in the
follow-up surveys the procedures were similar.
At baseline, there were no differences between the children who were
followed up throughout the study and those who dropped out during the followup according to behaviors. However, the children who were monitored throughout
the study were more likely to be girls (50%) than were those who dropped out
during the follow-up (43%). There was also a difference according to intervention
groups: in the RCT experimental group the drop-out rate was 8%, in the RCT
control group it was 10%, and among children who did not participate in the RCT
at all it was 18%.
4.3.1 Validity of measurements
The questions included in this study concerning oral health-related knowledge,
attitudes, and behavior have been found to be reliable (Poutanen et al. 2005).
Reliability was measured with Cronbach’s alphas, with values of 0.70 for
knowledge, 0.75 for attitudes, and 0.85 for behaviors. At baseline, among children
who participated the RCT, self-reported poor oral health-related behavior was
associated with clinically visible plaque and gingivitis (Poutanen 2007), which
indicates that the questions used were valid for measuring behaviors. Plaque was
measured from 6 index teeth (scale 0–3 per teeth, total plaque index scale 0–18),
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and gingivitis was assessed as the mean number of teeth with gingivitis measured
from 6 index teeth. In the follow-ups, validity was measured according to the
correlation between self-reported frequency of toothbrushing with fluoride
toothpaste and clinically visible plaque and gingivitis. The correlation between
toothbrushing and gingivitis increased with age (11-year-olds r = 0.09, 12-yearolds r = 0.13, 13-year-olds r = 0.26, 14-year-olds r = 0.29, 15-year-olds r = 0.40;
p < 0.05, except for 11-year-olds).
In longitudinal set-up, reported improvements in behaviors were associated
with improvements in oral health, especially among children in the experimental
group (Table 3). Those children who reported good behavior had better plaque
and gingival indices than did those who reported poor behavior, especially in
2005.
Table 3. Mean values for plaque and gingival indices in 2001 and 2005 according to
changes in behaviors among children in the experimental and control groups of the
RCT.
Behavior

Change

n

%

Plaque

Plaque

Gingivitis

Gingivitis

2001

2005

2001

2005

1.18

Experimental group
Toothbrushing at least

Improvement

60

28

1.7

1.3

1.88

twice a day

Worsening

29

13

2.5

2.9

2.24

2.21

Using xylitol products

Improvement

60

28

1.4

1.0

1.90

1.40

at least 3 times a day

Worsening

16

8

3.2

2.8

2.75

2.06

Eating candies less

Improvement

36

18

2.6

1.8

2.25

1.97

often than daily

Worsening

13

6

2.1

3.2

1.62

2.23

Toothbrushing at least

Improvement

40

19

1.5

1.6

1.00

1.60

twice a day

Worsening

33

16

1.9

3.1

1.97

3.27

Using xylitol products

Improvement

46

22

1.3

0.7

1.11

1.59

at least 3 times a day

Worsening

26

13

1.9

2.1

2.00

3.00

Eating candies less

Improvement

31

15

1.7

2.0

1.87

2.74

often than daily

Worsening

22

11

1.2

3.0

1.13

1.86

Control group

Plaque, plaque index measured from 6 index teeth (scale 0–18); Gingivitis, mean number of teeth with
gingivitis measured from 6 index teeth

4.3.2 Knowledge
Children’s knowledge was determined by asking their opinions about the
correctness of the following statements: “a person has to brush his/her teeth twice
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a day”, “a person can prevent caries lesions by using fluoride toothpaste”, “to
ensure a sufficient supply of fluoride, one has to brush teeth with fluoride
toothpaste at least twice a day”, “a person can prevent caries lesions by using
xylitol products after meals”, and “a person can reduce the risk of developing new
caries lesions by omitting one sweet snack a day”. The 4-point Likert-scale reply
alternatives were:
1.
2.
3.
4.

totally agree
partially agree
partially disagree
totally disagree

All oral health-related statements (5 items) measuring knowledge were classified
as “favorable” if the answer was “totally agree”; and “unfavorable” if the answer
was “partially agree”, “partially disagree” or “totally disagree”.
For studying interrelationships between knowledge, attitudes and behavior
related to toothbrushing, a sum variable was calculated by summing up three
knowledge items that were related to toothbrushing (a person has to brush his/her
teeth twice a day, a person can prevent caries lesions by using fluoride toothpaste,
and to ensure a sufficient supply of fluoride, one has to brush teeth with fluoride
toothpaste at least twice a day). The sum score was scaled to have a range of 6–24,
24 being the best/healthiest score. For knowledge sum scores, the change
variables were calculated separately for the entire study period 2001–2005, and
for the periods 2001–2003 and 2003–2005, positive numbers indicating
improvement and negative numbers worsening. The change variables were also
trichotomized (improvement, stable, worsening).
4.3.3 Attitudes
The attitudes studied here were related to toothbrushing or dental caries and were
measured using 4-point Likert-like scaled questions. Children were asked their
opinions about the correctness of the following statements on why toothbrushing
is important: “for avoiding caries”, “for avoiding tooth discoloration”, “for a fresh
feeling”, “for better appearance”, “for fresh breath”, “for healthy gingiva”, “for
acceptance by parents” and “for acceptance by friends”. The reply alternatives
were 4-point Likert-scaled, similarly to the knowledge items.
Children were also asked whether they think toothbrushing is important
before going to school, visiting a dentist, participating in sports/hobbies, going to
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a disco, or meeting their girl-/boyfriends or best friends. The reply alternatives
were 4-point Likert-like scaled as follows:
1.
2.
3.
4.

very important
rather important
not so important
not at all important

In addition, the children were asked whether they would feel bothered if they or
their mother, father or friend developed caries lesions. Being bothered about
caries was measured using 4-point Likert-like scaled questions with the following
reply alternatives:
1.
2.
3.
4.

not at all bothered
not so bothered
rather bothered
very bothered

Those items measuring oral health-related attitudes that referred to importance of
toothbrushing were dichotomized as “important” if the answer was “very
important”; and “not important” if the answer was “rather important”, “not so
important” or “not at all important”. The attitudes about being bothered were
coded “bothered” if the answer was “very much bothered”; and “not bothered” if
the answer was “rather bothered”, “not so bothered” or “not at all bothered”. If
attitude was important or bothered, it was considered to be favorable.
Principal component analyses (PCA) with varimax rotation were conducted
to determine the factor structures of oral health-related attitudes in 2005. The
central concept in PCA is summarization, replacing a large set of variables with a
smaller set which best summarizes the larger set. PCA seeks a linear combination
of variables such that the maximum variance is extracted from the variables. Then
it removes this variance and seeks a second linear combination which explains the
maximum proportion of the remaining variance, and so on. This results in
orthogonal (uncorrelated) factors.
PCA revealed a model with 4 factors explaining 63% of the common variance.
The factors were called ‘importance of toothbrushing for social situations’,
‘importance of toothbrushing for health and appearance’, ‘concern about
developing caries lesions’ and ‘importance of toothbrushing for acceptance’
(Table 4).
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Table 4. Factor structure, percentage of common variance explained (%), and loadings
of attitude items among 15- to 16-yr-old children in Pori.
Factors and items
Importance of brushing for social situations

Variance

Loading

31.2

Brushing teeth is very important for me when going to
a disco

0.775

meet my girl-/ boyfriend

0.677

school

0.780

sports, hobbies etc

0.775

meet my best friend

0.787

a dentist
Importance of brushing for health and appearance

0.508
13.9

Brushing teeth is very important to me for
feeling fresh

0.603

avoiding caries

0.749

avoiding tooth discoloration

0.793

fresh breath

0.780

healthy gingiva

0.506

better appearance
Concern about developing caries lesions

0.598
9.5

I would feel bothered about developing caries lesions in my
own teeth

0.542

mother’s teeth

0.934

father’s teeth

0.939

friend’s teeth

0.850

Importance of toothbrushing for acceptance

8.1

Brushing teeth is very important to me for
parents’ acceptance

0.849

friends’ acceptance

0.813

Internal consistencies of attitudes were evaluated with Cronbach’s alphas. In
every year the values of the alphas were 0.85. Separately for each factor, the
corresponding values of alphas were 0.79 in 2001, 0.82 in 2003, and 0.85 in 2005
for factor 1; 0.75, 0.74, and 0.79 for factor 2; 0.84, 0.83, and 0.84 for factor 3; and
0.66, 0.72, and 0.73 for factor 4 in the respective years.
Attitudes were studied as sum scores of the items loading on the
corresponding factors. Similarly to the knowledge sum, all sum scores of attitudes
were scaled to have a range of 6–24, 24 being the best/healthiest score. For sum
scores, the change variables were also calculated (positive numbers: improvement,
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negative numbers: worsening) separately for the entire study period 2001–2005,
and for the periods 2001–2003 and 2003–2005.
4.3.4 Behaviors
The oral health behaviors studied here included toothbrushing, use of fluoride
toothpaste, flossing, use of xylitol chewing gum and lozenges, consumption of
sweets, chocolate bars, soft drinks, sports drinks, cigarettes and snuff. The
frequencies of eating warm meals (eating warm meals), eating planned snacks or
between meals (eating healthy snacks), and frequent snacking on special treats or
other items containing easily fermentable carbohydrates (nibbling) were also
studied. Questions about behaviors had seven response alternatives that described
the frequency of the behavior. The alternatives were:
1.
2.
3.
4.
5.
6.
7.

3−4 times a day or more frequently
twice a day
once a day
2–3 times a week
once a week
twice a month
less than twice a month or never

Variables concerning toothbrushing and use of fluoride toothpaste were measured
separately, and cross-tabulation of these variables is presented on Table 5. Use of
fluoride toothpaste was used to describe toothbrushing with fluoride toothpaste
instead of the toothbrushing item (except in structural equation modeling, SEM),
where both of these items were used) because recommendations in Finland
strongly emphasize the use of fluoride toothpaste. For studying interrelationships
between changes in knowledge, attitudes and behavior, toothbrushing with
fluoride toothpaste was recoded to describe the weekly frequencies (3−4 times a
day or more frequently = 24.5, twice a day = 14, once a day = 7, 2–3 times a week
= 2.5, once a week = 1, twice a month = 0.45, less than twice a month or never =
0).
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Table 5. Cross-tabulation of self-reported frequencies of toothbrushing and use of
fluoride toothpaste in 2001
Toothbrushing

Use of
fluoride

1

2

3

4

5

6

7

toothpaste
1

63

12

6

1

0

0

0

2

7

1082

5

0

0

0

0

3

7

47

729

1

0

0

0

4

1

18

19

85

0

0

0

5

0

10

10

9

18

0

1

6

1

13

13

3

1

16

1

7

5

52

49

9

6

4

13

There were two questions about the use of xylitol products (xylitol chewing gum
and xylitol lozenges), consumption of candies (sweets and chocolate bars) and use
of tobacco products (cigarettes and snuff). These items were recoded to describe
the weekly frequencies. Use of xylitol chewing gum and lozenges were added
together to describe the use of xylitol products, consumption of sweets and
chocolate bars were added together to describe the candy-eating behavior, and
consumption of cigarettes and snuff were added together to describe the smoking
behavior.
Toothbrushing and use of xylitol products were dichotomized into favorable
and unfavorable based on the recommendations commonly given in Finland: if
the frequency of toothbrushing with fluoride toothpaste was at least twice-a-day,
and if the frequency of using xylitol products was at least three times a day, they
were coded favorable. For other behaviors, they were coded favorable if the
frequency was at least twice a week for flossing, less than daily for eating candies,
drinking soft drinks and nibbling, no more than once a week for drinking sports
drinks, at least twice-a-day for eating warm meals and healthy snacks, and no
smoking.
For toothbrushing with fluoride toothpaste, the change variables were
calculated separately for the entire study period 2001–2005, and for the periods
2001–2003 and 2003–2005. For change variables, positive numbers indicated
improvement and negative numbers worsening. The change variables were also
trichotomized (improvement, stable, worsening).
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4.4

Statistical analyses

To ensure that groups were similar at baseline, the dichotomized knowledge,
attitude, and behavior items were compared 1) between children in Pori and
Rauma, and 2) in Pori between children in the intervention and control groups of
the RCT, and children in the reference group. The significances of the differences
were evaluated using χ² tests.
4.4.1 Effect of oral health promotion
This chapter describes the effects of the population oral health promotion, which
was implemented among all children in Pori, measured by trends in oral healthrelated knowledge, attitudes and behavior. The data consist of two separate crosssectional sets of data (year 2001 data and year 2005 data), which were compared.
All children who had filled out either of the questionnaires and answered any of
the questions concerning behaviors were included in the study. In 2001, the
number of participants was 1638 in Pori and 732 in Rauma. In 2005, the
corresponding numbers were 1595 in Pori and 749 in Rauma.
In Pori, there were two different approaches to the control of dental caries:
oral health promotion in the population, which was implemented among all
children in Pori, and the high-risk approach, which was implemented among the
experimental group of the RCT. Hence, the prevalences (or mean values) are not
comparable to corresponding figures in Rauma as such. Instead, hypothetical data
for Pori were created, describing what children’s behavior, knowledge and
attitudes would have been in Pori if only the oral health promotion had been
implemented (Promotion). For those data, the information about children in the
RCT experimental group was deleted, and the information about children in the
RCT control group was weighted by two (since the experimental and the control
groups were of equal size). These data described the situation where all children
would have received oral health promotion but no specific intervention, such as
the experimental regimen of the RCT.
Item-wise prevalences of favorable knowledge, attitudes, and behavior were
compared, and the significances of the differences between the towns were
evaluated by chi-square tests. The changes between points of time were evaluated
using confidence intervals. Mean values of the sum scores for knowledge and
attitude factors were compared, and the significances of the differences between
the towns were evaluated by independent samples t-tests.
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4.4.2 Effect of the oral health promotion and risk-strategy approach
For this evaluation, hypothetical data were also needed in order to ascertain what
children’s behavior, knowledge and attitudes would have been in Pori if the riskstrategy approach had been used in addition to oral health promotion
(Combination). For the Combination data, the information about children in the
RCT control group was deleted, and the information about children in the RCT
experimental group was weighted by two. These data described the situation
where, in addition to population oral health promotion, all children with active
initial caries would have been considered a high-risk population and therefore
also subjected to an intervention similar to that among the experimental group of
the RCT.
Item-wise prevalences of favorable knowledge, attitudes, and behavior and
the changes between points of time were compared. Statistical significances of the
differences between the towns and points of time were evaluated using chi-square
tests and confidence intervals. For behaviors, the experimental and the control
groups of the RCT were also compared. Mean values of the sum scores for
knowledge and attitude factors were compared, and the significances of the
differences between the towns were evaluated by independent samples t-tests.
4.4.3 Individual changes and related factors
When individual changes and related factors were studied, longitudinal data on
the behaviors of children in Pori were used. Of the 1365 children who were
monitored throughout the study, 1362 had answered questions concerning oral
health-related behaviors, and those children were included in this part of the study.
When only children in Pori were considered, the focus was on the individual level
since the data could be studied as longitudinal data with a 3.4-year follow-up. To
ensure comparability, baseline distributions of socio-behavioral variables were
compared between children who were exposed to both the experimental regimen
of the RCT and the OHP (RCT+OHP group) and children who were exposed only
to the OHP (OHP only group).
Of the available information on the behaviors, data on toothbrushing with
fluoride toothpaste and use of xylitol products, soft drinks, candies and sports
drinks were selected. For these behaviors, stage transitions and individual stability
of toothbrushing were studied to determine whether the children could maintain
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the achieved good behaviors, and if they could recover from relapses to poor
behaviors.
Among children in the OHP only group, stability of each behavior was
classified into six categories: stable good, improvement, first worsening and then
improvement, first improvement and then relapse, worsening, and stable poor.
The stability was studied separately among OHP only group and among
RCT+OHP group. The dichotomized behavior variables were used when studying
stage transitions using cross-tabulations. The statistical significances of the
changes of each behavior were evaluated using Cochran’s Q tests for several
related samples.
For toothbrushing, these analyses were also made separately for children in
the RCT+OHP group, because toothbrushing was a key variable in the latter part
of the study about interrelationships between knowledge, attitudes and behavior
related to toothbrushing.
General linear models (GLM) for repeated measures were used to evaluate
whether the differences in changes in behaviors were statistically significant
between the OHP only and the RCT+OHP groups and the genders. The withinsubject variables were the three measurements of the behavior studied. The
between-subject factors were group (OHP only vs. RCT+OHP), gender and their
interaction term; but since the regression coefficient for the interaction term was
not significant in any of the models, it was omitted from the final models.
GLM for repeated measures was used to determine whether children who
improved their toothbrushing frequency also improved their knowledge and
attitudes during the study (Model 1). Variables used in modeling are presented in
Table 6. Even though there were some differences between the groups in terms of
changes in toothbrushing frequency and knowledge, the interaction term
coefficients were non-significant, indicating that the associations between
changes in behavior, knowledge and attitudes were similar in both groups. Hence,
for the final models, the data for all children were pooled and the interaction term
was deleted; but the group was kept in the models as a confounder. The results are
reported as mean values for changes in knowledge and attitudes according to
trichotomized change in toothbrushing frequency during the study, and p-values
are based on the models.
A similar modeling procedure was used to assess whether the change in
knowledge in the first period of the study was related to changes in attitudes and
toothbrushing frequency in the same or the latter time period, or whether the
relationship held throughout the entire study. Modeling was performed in four
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different time-period combinations (Models 2–5). The variables used in modeling
are presented in Table 6.
Table 6. Variables used in GLM for repeated measures.
Model

Within-subjects variables

Repeated

Between-subjects factors

measurements
1

Knowledge and attitude sum

2001

Group, change in toothbrushing in

scores, separate model for each

2005

2001–2005, and their interaction

Toothbrushing and attitude sum

2001

Group and change in knowledge in

scores, separate model for each

2003

2001–2003

Toothbrushing and attitude sum

2003

Group and trichotomized change in

scores, separate model for each

2005

knowledge in 2001–2003

Toothbrushing and attitude sum

2003

Group and trichotomized change in

scores, separate model for each

2005

knowledge in 2003–2005

Toothbrushing and attitude sum

2001

Group and trichotomized change in

scores, separate model for each

2005

knowledge in 2001–2003

term
2
3
4
5

GLM, general linear modeling; group (OHP only vs. RCT+OHP); change in toothbrushing frequency and
knowledge trichotomized to improvement, stable, worsening.

4.4.4 Interrelationships between knowledge, attitudes and behavior
using structural equation modeling
In this part of the study, structural equation modeling was used to confirm the
factor structure constructed previously and to estimate interrelationships between
oral health-related behavior, knowledge, and attitudes. To allow the use of an
independent data set, the data gathered in 2005 on children in the Reference group
were used.
An exploratory factor analysis (EFA) using maximum likelihood extraction
with varimax rotation was conducted to see whether it revealed the same factor
structure with this data on the Reference group, as PCA revealed previously with
data on children in Pori. This is done because principal components are merely
weighted combinations of original variables, unlike factors based on EFA. So
finding components in PCA does not automatically mean that the factor model is
correct.
A CFA was conducted to evaluate whether the chosen factor structure was
also an acceptable fit for these data, or whether it should be modified. Of the twostage process of structural equation modeling (SEM), CFA is the first stage, the
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measurement model, which provides information on how items measure
underlying latent constructs or factors that cannot be measured directly.
In our analyses, items were not allowed to load on more than one factor, and
their error terms were not allowed to correlate. The fit indexes used were model
chi-square and its significance, normed chi-square (χ²/df), comparative fit index
(CFI), and root mean square error of approximation (RMSEA). For the model to
fit, the χ² value should be non-significant; and values χ²/df < 5. Values CFI > 0.90
indicated a reasonably good fit. For RMSEA, values 0.08 ≤ RMSEA < 0.10
indicated mediocre fit and values RMSEA < 0.08 indicated a reasonably good fit.
(Byrne 2001, Kline 2005)
To examine interrelationships between knowledge, attitudes and behavior,
SEM with maximum likelihood estimation was conducted. The model tested
hypothesized pathways leading from knowledge to behavior both directly and via
attitudes (Figure 9). Attitudes, knowledge and behavior were latent variables.
Knowledge comprised three indicators (a person has to brush his/her teeth twice a
day, a person can prevent caries lesions by using fluoride toothpaste, and to
ensure a sufficient supply of fluoride, one has to brush teeth with fluoride
toothpaste at least twice a day), and behavior three indicators (toothbrushing, use
of fluoride toothpaste, flossing). Attitudes were those based on factor analyses.
The hypothesized model was also modified by removing non-significant
pathways and studying the interrelationships between attitudes. Results are
presented as both unstandardized estimates and standardized estimates, which can
be interpreted as correlation coefficients. The fit indexes used were the same as in
CFA. When equivalent models (i.e. reversing the directions) were considered,
Lee-Herschberger replacing rules were applied (Kline 2005).
CFA and SEM analyses were conducted using AMOS 16.0 software. To deal
with missing data, AMOS uses Full Information Maximum Likelihood (FIML)
procedure, which is an approach to the estimation of simultaneous equations
(Graham et al. 2003). Other statistical analyses were conducted using SPSS 16.0
software.
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Fig. 9. Hypothesized model of toothbrushing knowledge, attitude and behavior
interrelationships.
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5

Results

At the baseline in 2001, for no item did children’s oral health-related knowledge
(5 items), attitudes (18 items), and behaviors (10 items) differ significantly
between children according to their caries status and the intervention to which
they were exposed.
5.1

Effect of oral health promotion

5.1.1 Knowledge
The knowledge of children tended to improve during this study. Among children
in the Promotion group, the item-specific percentage of children answering
“totally agree” to the statements measuring knowledge varied between 44 and
69% in 2001 and 40–75% in 2005. Among children in the Reference group the
corresponding percentages were 42–71% in 2001 and 45–78% in 2005. The
change in item-specific percentages, measured in percentage units, varied
between -7 and +6 among children in the Promotion group, and between -6 and
+7 among children in the Reference group. In 2005, only two statistically
significant differences in knowledge were found: in items involving caries
prevention by using xylitol and omitting one sweet snack a day children in the
Reference group had better knowledge than those exposed to the promotion
approach. (Paper I)
When knowledge was studied as a sum score (scale 6–24), the results
revealed that the Reference group was more successful in improving knowledge
than the Promotion group was. Mean values for the Promotion group were 20.81
in 2001, 20.80 in 2003, and 20.69 in 2005, the mean change being -0.12, and for
the Reference group 20.76, 20.55, and 20.79, respectively, the mean change being
0.03. The difference in sum scores for knowledge was statistically significant
between the groups in 2005 (P = 0.028).
5.1.2 Attitudes
Since there were so many different statements about oral health-related attitudes,
there was great variation in item-specific percentages of children answering
“totally agree”. On attitudes concerning importance of toothbrushing, the
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percentages and variation were similar in both groups. In general, all the children
tended to change these attitudes towards attaching greater importance to
toothbrushing. However, the change tended to be greater among children in the
Reference group than among those in the Promotion group. In 2005, there were
two significant differences between the subjects in the Promotion group and those
in the Reference group: subjects in the Promotion group less often considered
toothbrushing to be very important for acceptance by friends and when going to
meet their girl-/boyfriends less often than those in the Reference group did. On
attitudes concerning bother about developing caries lesions, the percentages and
variation were also similar in both groups, but all these attitudes changed towards
them being less important. No statistically significant differences between the
groups were observed. (Paper I)
Importance of toothbrushing when participating in social situations and for
health-related reasons and better appearance tended to change towards becoming
more important (Table 7). Importance of toothbrushing for feeling accepted
tended to change towards becoming less important. The children also tended to
feel bothered about developing caries lesions less often. No statistically
significant differences in attitude sum scores between the groups were observed at
any time during the atudy.
Table 7. Mean values of the sum scores of statements measuring attitudes in 2001,
2003, and 2005 and changes during the study in the Promotion group and in the
Reference group.
Attitudes

Group

2001

2003

2005

Importance of toothbrushing when

Promotion

18.32

18.93

19.25

+0.93

participating in social situations

Reference

18.18

19.17

19.37

+1.19

Importance of toothbrushing for healthrelated reasons and better appearance
Importance of toothbrushing for feeling
accepted
Being bothered about developing caries
lesions

Change

Promotion

21.69

21.80

22.02

+0.33

Reference

21.51

21.78

21.92

+0.41
-2.63

Promotion

18.25

16.39

15.62

Reference

17.98

16.79

16.00

-1.98

Promotion

13.26

11.70

10.99

-2.27

Reference

13.01

11.77

10.86

-2.15

Promotion group, only oral health promotion for all; Reference group, no intervention; sum scores scale
6–24.
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5.1.3 Behavior
During this study, in general, children in the Promotion group tended to improve
their oral health-related behavior, while children in the Reference group tended to
improve some and worsen some of their behaviors (Table 8). Children in the
Promotion group tended to be more successful than children in the Reference
group in changing behavior, particularly in behaviors related to eating, drinking
and smoking. When we look at eating patterns, children in the Promotion group
tended to change their eating pattern towards healthier (eating more healthy
snacks and warm meals and less unhealthy nibbling) more than children in the
Reference group did. In 2003, children in the Promotion group differed
statistically significantly from those in the Reference group in two behaviors in
favor of the Promotion group, and in one behavior in favor of the Reference
group. In 2005, children in the Promotion group differed statistically significantly
from those in the Reference group in four behaviors in favor of the Promotion
group, and in two behaviors in favor of the Reference group.
Table 8. Prevalence of children with healthy behavior in 2001, 2003, and 2005, and
changes during the study in the Promotion group and in the Reference group.
Behavior
Toothbrushing with fluoride toothpaste
at least twice-a-day
Using xylitol products at least three
times a day
Flossing at least twice a week
Eating candies less than daily
Drinking soft drinks less than daily
Drinking sports drinks not more than
once a week
No smoking
Nibbling less than daily
Eating warm meals at least twice-a-day
Eating healthy snacks at least twice-aday

Group

2001

2003

2005

Change

Promotion

52

50

57

5

95% CI
[1, 8]

Reference

51

52

57

6

[1, 12]

Promotion

20

23*

26**

6

[3, 9]

Reference

19

27*

32**

13

[8, 17]

Promotion

15

18

17**

1

[-1, 4]

Reference

13

17

22**

8

[6, 14]

Promotion

78

83

85*

7

[4, 9]

Reference

80

83

82*

2

[-2, 6]
[3, 10]

Promotion

73

77

79

6

Reference

74

74

78

4

[0, 9]

Promotion

87

90*

88***

1

[-1, 4]

Reference

84

87*

81***

-3

[-7, 1]

Promotion

98

87

73**

-25

[-28, -23]
[-35, -28]

Reference

98

87

66**

-32

Promotion

46

45

57

11

[1, 8]

Reference

45

45

54

9

[1, 12]

Promotion

77

76

81

4

[3, 9]

Reference

80

75

79

-1

[8, 17]

Promotion

63

62*

66**

3

[4, 9]

Reference

62

57*

59**

-3

[-2, 6]

*, P < 0.05; **, P < 0.01; ***, P < 0.001, significance of the difference in prevalence between the groups
(Mann-Whitney U-test)
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5.2

Effect of oral health promotion and risk-strategy approach

5.2.1 Knowledge
Among children in the Combination group, the item-specific percentage of
children answering “totally agree” to the statements measuring knowledge varied
between 43 and 70% in 2001, and between 44 and 77% in 2005, whilst in the
Reference group the corresponding percentages were 42–71% in 2001 and 45–
78% in 2005. The change in item-specific percentages, measured in percentage
units, varied between -1 and +7 among children in the Combination group, and
between -6 and +7 among children in the Reference group. (Paper I)
Similar results for changes in knowledge were also observed when
knowledge was studied as a sum score (scale 6–24). The Combination group was
more successful in improving knowledge (mean values 20.72 in 2001, 21.18 in
2003, and 20.87 in 2005, mean change 0.15) than the Reference group was (mean
values 20.76 in 2001, 20.55 in 2003, and 20.79 in 2005, mean change 0.03).
Significant differences in knowledge sum were found between the groups in 2003
(P < 0.001) in favor of children in the Combination group.
5.2.2 Attitudes
In general, all children tended to change their attitudes concerning importance of
toothbrushing towards attaching greater importance to toothbrushing. The
distributions of these attitudes were similar in both groups, but the change tended
to be slightly greater among children in the Reference group than among those in
the Combination group. On attitudes concerning bother about developing caries
lesions, the distributions were also similar in the two groups, but all these
attitudes changed becoming less important. In 2005, children tended to feel less
bothered if they or their mothers, fathers or friends got new caries lesions than
they had been at baseline. There were no significant differences between the
groups in any items. (Paper I)
The trend in attitudes measured with factors was the same as in using oral
health promotion approach (Table 9). Importance of toothbrushing when
participating in social situations and for health-related reasons and better
appearance tended to become more important, and importance of toothbrushing
for feeling accepted and bother about developing caries lesions tended to become
66

less important/bothered. The sum scores for attitudes did not differ statistically
significantly between groups at any point in time.
Table 9. Mean values of sum scores of statements measuring attitudes in 2001, 2003,
and 2005 and changes during the study in the Combination group and in the
Reference group.
Attitudes

Group

2001

2003

2005

Importance of toothbrushing when

Combination

18.28

18.93

19.24

+0.96

participating in social situations

Reference

18.18

19.17

19.37

+1.19

Importance of toothbrushing for healthrelated reasons and better appearance
Importance of toothbrushing for feeling
accepted
Being bothered about developing caries
lesions

Change

Combination

21.59

21.80

22.00

+0.41

Reference

21.51

21.78

21.92

+0.41

Combination

17.98

16.44

15.51

-2.47

Reference

17.98

16.79

16.00

-1.98

Combination

13.33

11.76

11.04

-2.29

Reference

13.01

11.77

10.86

-2.15

Combination group, RCT intervention for high risk group and oral health promotion for all; Reference
group, no intervention; sum scores scale 6–24.

5.2.3 Behavior
During this study, in general, children in the Combination group tended to change
their behavior more successfully than children in the Reference group did (Table
10). Statistically significant differerences were observed in one behavior in 2001,
in two behaviors in 2003, and in four behaviors in 2005, all in favor of children in
the Combination group. In 2005, all behaviors that differed statistically
significantly were related to eating, drinking, and smoking, not to hygiene.
Table 10. Prevalence of children with healthy behavior in 2001, 2003, and 2005, and
changes during the study in the Combination group and the Reference group.
Behavior

Group

2001

2003

2005

Change

Combination

51

53

59

8

[5, 11]

toothpaste at least twice-a-day

Reference

51

52

57

6

[1, 12]

Using xylitol products at least three

Combination

20

32*

29

9

[5, 11]

Reference

19

27*

32

13

[8, 17]

Combination

18**

25***

19

1

[-1, 5]

Reference

13**

17***

22

8

[6, 14]

Toothbrushing with fluoride

times a day
Flossing at least twice a week
Eating candies less than daily
Drinking soft drinks less than daily

95% CI

Combination

78

82

86**

8

[6, 11]

Reference

80

83

82**

2

[-2, 6]

Combination

73

77

80

7

[3, 9]

Reference

74

74

78

4

[0, 9]
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Behavior
Drinking sports drinks not more
than once a week
No smoking
Nibbling less than daily

Group

2001

2003

2005

Change

Combination

85

89

88***

3

[1, 6]

Reference

84

87

81***

-3

[-7, 1]

Combination

98

88

73**

-25

[-27, -23]

Reference

98

87

66**

-32

[-35, -28]

Combination

45

47

57

12

[5, 11]

Reference

45

45

54

9

[1, 12]

79

79

79

0

[5, 11]

Reference

80

75

79

-1

[8, 17]

Combination

64

61

67***

3

[6, 11]

Reference

62

57

59***

-3

[-2, 6]

Eating warm meals at least twice-a- Combination
day
Eating healthy snacks at least
twice-a-day

95% CI

Combination group, RCT intervention for high risk group and oral health promotion for all; Reference
group, no intervention; *, P < 0.05; **, P < 0.01; ***, P < 0.001, significance of the difference in prevalence
between the groups (Mann-Whitney U-test)

5.2.4 Behavior among high caries risk children
When experimental and control groups of the RCT were compared, the focus was
on those behaviors that seemed to differ in 2005 between the Combination and
Promotion groups. Children in the RCT experimental group tended to improve
their behavior more than those in the RCT control group did (Table 11). However,
in 2003 the difference between groups was statistically significant in 2003 for
only three behaviors, toothbrushing, flossing, and use of xylitol products, and in
2005 for only one behavior, use of xylitol products. In the RCT experimental
group, flossing frequency improved markedly by 2003. However, the
improvement was not very sustainable, as the frequency relapsed by 2005.
Table 11. Prevalence of children with healthy behavior in 2001, 2003, and 2005, and
changes during the study in the experimental and control groups of the RCT in Pori.
Behavior
Toothbrushing with fluoride
toothpaste at least twice-a-day
Flossing at least twice a week
Using xylitol products at least three
times a day
Eating candies less than daily
Drinking soft drinks less than daily

Group

2001

2003

2005

Change

Experimental

49

58*

64

15

95% CI
[6, 23]

Control

53

48*

57

4

[-6, 12]

Experimental

23

41***

27

4

[-3, 12]

Control

16

19***

21

5

[-3, 11]

Experimental

21

50***

41***

20

[12, 28]

Control

23

22***

31***

8

[-1, 16]

Experimental

74

80

86

12

[5, 19]

Control

77

82

83

6

[-1, 13]

Experimental

71

73

77

6

[-2, 14]

Control

69

75

75

6

[-2, 15]

RCT, randomized clinical trial, *, P < 0.05; ***, P < 0.001, significance of the difference in prevalence
between the groups (Mann-Whitney U-test)

68

5.3

Individual changes and related factors during interventions

5.3.1 Individual changes in behaviors
When only children in Pori were considered, the data could be studied as a
longitudinal set. The majority of results are reported according to interventions
the children were exposed to (OHP only and RCT+OHP groups). Baseline
distributions of the socio-behavioral variables revealed no statistically significant
differences between individuals who were followed up for 3.4 years in these
groups, except for drinking sports drinks (Table 12).
Table 12. Baseline distributions of the socio-behavioral variables.
Variable

OHP only

RCT+OHP

n = 1138

n = 224

P

Gender = girl

50

49

0.678

Toothbrushing at least twice a day

52

48

0.350

Using xylitol products at least 3 times a day

19

19

0.893

Eating candies less than daily

80

74

0.069

Drinking soft drinks less than daily

74

71

0.540

Drinking sports drinks once a week or less often

87

82

0.036

Mother’s occupational level = high

32

30

0.462

Father’s occupational level = high

30

28

0.461

OHP, oral health promotion; RCT, randomized clinical trial

Stability of toothbrushing was lower among children exposed to the experimental
regimen of the RCT than among children exposed only to OHP, and the difference
was due to a lower percentage of children in the stable poor group (Table 13).
Table 13. Distributions of children in the RCT+OHP and OHP only groups according to
stage transitions and stability of toothbrushing during 2001−2005 (%).
Stage transitions

RCT+OHP

OHP only

Stable good

31

30

Improvement

28

20

First worsening and then improvement

5

7

First improvement and relapse

6

4

Worsening

13

14

Stable poor

17

25

% of boys in stable poor group

81

70

Stability

48

55

RCT, randomized clinical trial; OHP, oral health promotion

69

For toothbrushing, stage transitions showed that children improved their
behaviors, regardless of whether they were exposed to both experimental regimen
of the RCT and oral health promotion, or just oral health promotion (P < 0.001)
(Figure 10). Children who had had good behavior at baseline tended to maintain it.
Those children who lapsed into poor toothbrushing behavior, were more likely to
recover from it if they belonged to the RCT+OHP group than if they belonged to
the OHP only group. Of the children with poor behavior at baseline, 42%
improved their toothbrushing behavior when exposed only to OHP, and 55%
improved their toothbrushing behavior when exposed to both OHP and the
experimental regimen of the RCT.

Fig. 10. Stage transitions for toothbrushing presented as numbers and percentages
(%) among children in the OHP only and RCT+OHP groups. Good behavior (G):
brushing at least twice a day, poor behavior (P): brushing once a day or less often.

For toothbrushing, there were no statistically significant differences between
children in the OHP only and the RCT+OHP groups, but children in both groups
improved their behavior (P ≤ 0.001) (Table 14). However, there were differences
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between boys and girls. On average, compared to boys, girls brushed their teeth
more often, improved their toothbrushing frequency more often and were more
successful in maintaining good behavior.
Table 14. Results of GLM repeated measures on the change in toothbrushing.
Between-subjects effects were gender and intervention group (OHP only vs.
RCT+OHP).
Variable

Categories

Adjusted marginal means (95% CI)
2001

Intervention
Gender

2003

P
2005

OHP only

0.52 (0.49–0.55)

0.50 (0.48–0.53)

0.57 (0.54–0.60)

RCT+OHP

0.49 (0.43–0.56)

0.60 (0.53–0.66)

0.64 (0.58–0.70)

Girl

0.59 (0.55–0.64)

0.67 (0.62–0.71)

0.76 (0.72–0.80)

Boy

0.42 (0.37–0.46)

0.43 (0.39–0.48)

0.45 (0.41–0.49)

0.104
< 0.001

GLM, general linear modelling; OHP, oral health promotion; RCT, randomized clinical trial

Among children in the OHP only group, stage transitions for consumption of
xylitol products, candies and soft drinks showed that, on average, children
improved their behaviors (P < 0.001 for all these behaviors). However, over half
of the children had stable behavior throughout the study, and they were more
likely to have stable good behavior than stable poor behavior (except for use of
xylitol products). Most of the children in the stable poor behavior group were
boys. Those children whose behavior was not stable were more likely to improve
than to worsen their behaviors. (Paper II)
A difference between the OHP only and the RCT+OHP groups was found
only for the change in using xylitol products. Even though the children in both
groups improved this behavior statistically significantly (P ≤ 0.001 for both
groups), the RCT+OHP group was more successful in 2001–2003, and the OHP
only group in 2003–2005 (P = 0.001). A difference between boys and girls was
found in every behavior in favor of girls (P ≤ 0.001 for all behaviors). (Paper II)
5.3.2 Interrelationships between changes in knowledge, attitudes
and behavior
Children whose toothbrushing frequency improved during the study were also the
most successful in terms of knowledge and attitude changes, and children whose
toothbrushing frequency worsened during the study were also the least successful
in terms of changes in knowledge and attitude (Table 15). The associations
between the changes in toothbrushing frequency and knowledge and attitudes
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were all statistically significant, except for importance of toothbrushing for
acceptance.
Table 15. Mean values for changes in sum scores of toothbrushing knowledge and
attitudes according to change in toothbrushing frequency in 2001–2005.
Change in

Toothbrushing with fluoride

P

toothpaste
Improvement

Stable

Worsening

n = 398

n = 682

n = 261

Knowledge

1.57

-0.38

-1.10

<0.001

Importance of toothbrushing for social situations

1.99

1.00

-0.88

<0.001

Importance of toothbrushing for health and appearance

1.00

0.26

-0.33

0.001

Concern about developing caries lesions

-1.45

-2.34

-2.79

0.004

Importance of toothbrushing for acceptance

-1.78

-2.96

-3.20

0.307

sum scores of knowledge and attitudes, scale 6–24; p-values based on repeated measures GLM, when
intervention group was considered as confounder

A similar clustering effect could also be seen when changes in toothbrushing
frequency and attitudes were considered according to trichotomized change in
knowledge (improvement/stable/worsening) for both study periods (2001–2003
and 2003–2005) (Table 16). This type of clustering tended to diminish as the
follow-up time for toothbrushing and attitudes lengthened, and was no longer
found if change in knowledge was measured in 2001–2003 and changes in
toothbrushing and attitudes were measured in 2003–2005 (Paper III).
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Table 16. Mean values for changes in weekly toothbrushing frequency and sum
scores of attitudes in the first (2001–2003) and the latter period of the study (2003–
2005) according to change in knowledge in the same time period.
Change in

Weekly toothbrushing frequency
Importance of toothbrushing for social
situations
Importance of toothbrushing for health and
appearance
Concern about developing caries lesions
Importance of toothbrushing for acceptance

Period

Change in knowledge

P

Improvement

Stable

Worsening

2001–2003

1.62

0.15

-1.85

2003–2005

2.03

0.59

-0.44

<0.001

2001–2003

1.56

0.73

-0.19

<0.001

<0.001

2003–2005

0.97

0.44

-0.43

<0.001

2001–2003

1.14

0.17

-0.75

<0.001

2003–2005

0.96

0.31

-0.71

<0.001

2001–2003

-0.86

-1.68

-2.22

0.006

2003–2005

0.14

-0.78

-1.17

0.002

2001–2003

-0.91

-1.67

-2.68

0.005

2003–2005

-0.46

-0.60

-1.81

<0.001

Sum scores of attitudes, scale 6–24; p-values based on repeated measures GLM, when intervention
group was considered as confounder

5.4

SEM approach for interrelationships between knowledge,
attitudes and behavior in Reference group

Compared to the structure based on PCA conducted among children in Pori, EFA
among children in Rauma revealed the same four factors, explaining 63% of the
total variance: ‘importance of brushing for social situations’, ‘importance of
brushing for health and appearance’, ‘concern about developing caries lesions’,
and ‘importance of brushing for acceptance’.
However, the results of the CFA revealed that the error variance for one
variable, importance of toothbrushing for friends’ acceptance, was negative,
giving the standardized estimate of 1.11, which is out of the range (between -1
and 1). This indicates a Heywood case, meaning that there are unacceptable
estimates in the model. The factor ‘importance of brushing for acceptance’
consisted of only two variables (friends’ acceptance and parents’ acceptance).
Hence, the whole factor was dropped from the analyses and another CFA was
conducted consisting of only three factors.
The new CFA model fit the data quite well. All indicators had relatively high
standardized loadings on the factor they were assumed to load, which indicates
good convergent validity (Table 17). The correlations between the latent variables
were low, which indicates good discriminant validity. Unstandardized estimates
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are presented in Paper IV. Fit indexes for this model were χ²(101) = 667.289 (P <
0.001), χ²/df = 6.607, CFI = 0.911, and RMSEA = 0.087 (90% CI 0.080–0.093).
Table 17. Standardized loadings and correlations between the latent variables of the
confirmatory factor analysis for the three factor model concerning attitudes.
Factors and items

Loading

Importance of brushing for social situations
Brushing teeth is very important for me when going to
a disco

0.71

meet my girl-/ boyfriend

0.62

school

0.74

sports, hobbies etc

0.72

meet my best friend

0.75

a dentist

0.57

Importance of brushing for health and appearance
Brushing teeth is very important to me for
feeling fresh

0.72

avoiding caries

0.67

avoiding tooth discoloration

0.84

fresh breath

0.78

healthy gingiva

0.65

better appearance

0.73

Concern about developing caries lesions
I would feel bothered about developing caries lesions in my
own teeth

0.34

mother’s teeth

0.97

father’s teeth

0.95

friend’s teeth
Importance of brushing for social situations  Importance of brushing for health and appearance

0.75
0.58

Importance of brushing for social situations  Concern about developing caries lesions

0.06

Importance of brushing for health and appearance  Concern about developing caries lesions

0.08

The hypothesized model was then modified according to the results of CFA by
removing the factor ‘importance of brushing for acceptance’ (SEM model 1). All
other pathways were statistically significant, except for the one leading from
‘concern about developing caries lesions’ to ‘oral hygiene behavior’. That
pathway was then removed, and the pathway from ‘knowledge’ to ‘concern about
developing caries lesions’ had to be reversed, so that concern had a connection
with hygiene (SEM model 2). The model was again modified and
interrelationships between attitudes were studied. The model, in which the
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attitudes ‘importance of brushing for social situations’ and ‘importance of
brushing for health and appearance’ were interrelated (SEM model 3), was the
best fitting of these three models, and therefore it was selected as the final model
(Table 18).
Table 18. Fit indices for the structural models (SEM) concerning knowledge, attitudes
and behavior.
χ²

df

P

χ²/df

CFI

RMSEA

90% CI

1

1020.504

202

< 0.001

5.052

0.906

0.074

0.069-0.078

2

1021.350

203

< 0.001

5.031

0.906

0.073

0.069-0.078

3

978.693

202

< 0.001

4.845

0.911

0.072

0.067-0.076

SEM model

SEM, structural equation modeling; χ²/df, normed χ²; CFI, comparative fit index; RMSEA, root mean
square error of approximation

In the final model, knowledge had only a minor direct effect on behavior, but had
a strong effect on attitudes (Figure 11). Concern about developing caries lesions
was not directly related to toothbrushing frequency but was an
underlying/preceding factor influencing knowledge. Of the attitudes, ‘importance
of toothbrushing for social situations’ directly influenced toothbrushing the most.
All pathways in the model were statistically significant.

Fig. 11. Standardized and (unstandardized) estimates for relationships between
knowledge, attitudes and behavior for the final structural model (SEM model 3).
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6

Discussion

6.1

Main findings

In general, the children in this study improved their oral health-related behaviors
between 2001 and 2005. Even though not always statistically significantly, most
of the oral health-related behaviors, especially those related to consuming
unhealthy products, improved more among children exposed only to oral health
promotion or to both oral health promotion and the experimental regimen of the
trial than among the reference group. Moreover, children in the experimental
group of the trial improved their behavior more than children in the control group
did. These results suggest that both the intervention conducted among the
experimental group of the trial and the community level program of oral health
promotion in Pori were successful and the promotion program enhanced the
effectiveness of the experimental regimen. The results suggest that the
experimental regimen of the trial influenced mainly oral hygiene behaviors whilst
the promotion program influenced other behaviors related to oral health (eating,
drinking, and smoking).
When changes at the individual level are considered, the stability of selfreported behaviors was very high. Those children, whose behaviors were not
stable were more likely to improve than worsen their behavior. The children with
healthy behavior at baseline were more likely to maintain good behavior and to
recover from lapses into poor behaviors than were children with unhealthy
behavior at baseline. On average, the same children improved all three,
knowledge, attitudes, and behavior, during the study; and the changes in all three
aspects occurred during the same study period.
The results of the structural equation modeling provided further support for
the hypothesized model that knowledge affects behavior both directly and via
attitudes among 15- to 16-yr-olds. In the final model, ‘concern about developing
caries lesions’ was an underlying factor directly influencing only knowledge, and
behavior via the entire knowledge-attitudes-behavior chain. Knowledge affected
oral hygiene behavior directly and via two interrelated attitudes, ‘importance of
toothbrushing for social situations’ and ‘importance of toothbrushing for health
and appearance’. Direct effects of knowledge on attitudes were greater than the
direct effects on behavior. Of the attitudes studied, ‘importance of toothbrushing
when participating in social situations’ influenced behavior the most.
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6.2

Methodological considerations

6.2.1 Data
In this study, data sets were large and representative. The response rates for each
questionnaire were high, varying between 89.1% and 97.5%, since the
questionnaires were filled out at school during a lesson; and only those children
who were not at school the day the questionnaires were filled out or for some
reason did not volunteer are missing from the data.
For longitudinal data on children in Pori, 80.5% of the children were
monitored throughout the whole study period and had filled out all three
questionnaires. Besides missing school that day or not volunteering, some of the
drop-outs are due to children moving to another town. The children who dropped
out during the follow-up did not cluster in any specific areas, schools or classes
(Poutanen 2007). There were no differences in the baseline oral health-related
knowledge, attitudes, and behaviors between children who were followed up
throughout the study and those who dropped out during the follow-up, but the
children who dropped out were more likely to be boys than girls and to belong to
the RCT+OHP group than to the OHP only group. However, there were so few
drop-outs that this should not have affected the results significantly.
The length of interventions and follow-up time was also rather long and
included three points of observation. This is a strength of this study, especially
since there have been few longitudinal studies in which long-term changes in
behavior have been assessed and since there are no longitudinal studies, to my
knowledge, that assess relationships between changes in behavior, knowledge and
attitudes related to dental hygiene.
For the trial, it was assumed that children in the experimental and control
groups in Pori would have changed their behavior similarly if they had been
exposed to the same kind of intervention; and due to randomization, there is no
reason to doubt this assumption. All children who participated in the trial had
active initial caries lesions at baseline. They also tended to have unhealthier
behaviors at baseline than did children without active initial caries lesions.
However, there were no statistically significant differences between these groups
in terms of behavior, knowledge and attitudes.
For children in Pori, the reference group was children in a neighboring town,
Rauma. This is a sufficiently large reference group, which allows us to consider
reliably how growing up contributed to the changes. The basic two assumptions
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for using this reference group were 1) the children in Rauma and Pori would have
changed their behavior, knowledge and attitudes similarly if they had been
exposed to the same kind of health promotion, and 2) the baseline percentage of
children with active initial caries lesions was similar in Pori and in Rauma. These
assumptions were supported by the geographic proximity of the towns and by the
similarity of distribution of the sources of livelihood (Statistics Finland 2000).
The weaknesses in the reference group data were that the child’s gender was not
asked in the 2001 questionnaire and that it could not be unified to longitudinal
data because there were no identification variables.
The data were gathered using questionnaire surveys. Questionnaires were
pilot tested and found to be feasible (Poutanen 2007). Self-reported behaviors,
especially toothbrushing, have often been considered not to be very reliable.
However, the validity of self-reported behavior was supported by its positive
correlation with visible plaque and gingivitis, which were assessed in the RCT
screening process in Pori (Poutanen 2007). Also in this study, improvement in
self-reported behaviors was related to improvement in oral health, although the
relationship was stronger among children in the experimental group of the trial
than among those in the control group. This suggests that the experimental
regimen further molded children’s attitudes and understanding that it is about
doing the right thing not just answering
Attitudes were measured with several variables, which is preferable to using
single items because of the multi-dimensionality of attitudes. Cronbach’s alphas
revealed satisfactory internal consistencies for attitudes.
6.2.2 Statistical methods
Deciding which method is the most suitable for the data and the study hypothesis
is tricky. The measurements should be extensive and accurate, and the analyses
and modeling procedures must be designed to fit the situation and be as precise
and adequate as possible. To achieve the best results, these should be taken into
account even before the data are collected.
For comparison of different approaches to promoting oral health, hypothetical
data sets were created because the groups were not comparable as such. Based on
previous experience it was assumed that experimental regimen of the trial alone
was not likely to be effective (Seppä et al. 1991, Hausen et al. 2000), so the goal
was to ascertain whether the promotion program enhanced the effectiveness of the
intervention. The hypothetical data sets enabled us to compare what would have
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happened in Pori if only the oral health promotion were implemented among all
children, or what would have happened in Pori if, in addition to promotion
program among all children, an experimental regimen similar to that in the trial
had also been implemented among all children with active initial caries lesions. In
addition, these data sets then consisted of all children regardless of their caries
status enabling comparison with reference area.
The first step in the analyses is learning to know the data. The basic elements
of the data set must always be reported at first, i.e. who are your subjects, what
kind of data was gathered from them, and what did the data reveal. This is done in
order to make it possible for other researchers to decide whether the study is
comparable to their studies or whether the intervention would give similar results
if applied in their neighborhood. For instance, in behavioral intervention, it is
preferable to report baseline prevalences of each behavior before moving to latent
variables or for more sophisticated statistical methods. These basic elements of
the data were reported at first in group level in cross-sectional set ups for
cognitive, attitudinal, and behavioral aspects for both approaches to promote oral
health and for reference group, and in individual level in longitudinal set up
among children in Pori for behaviors.
When the results of comparison between different approaches to promoting
oral health are interpreted, it should be noted that the experimental regimen of the
trial was successful in controlling caries (Hausen et al. 2007). Furthermore, when
the results of individual level analyses are interpreted, it should be noted that the
children in Pori improved their behaviors during the follow-up more than the
children in a neighboring town with no specific intervention.
In the modeling procedure for longitudinal individual level analyses, a
grouping variable (OHP only vs. RCT+OHP) was entered into the model as
confounder. At first the model also included an interaction term for group and
gender or toothbrushing; but because the coefficient for the interaction term was
not significant in any of the models, it was dropped. This indicates that even
though there were some differences between the groups in terms of changes in
toothbrushing frequency and knowledge, the associations studied were similar in
both groups.
It is difficult to consider any association between two items to be an
association that is affected only by those two items. Structural equation modeling
allows the use of multiple items, analyzing interrelationships and simultaneously
dealing with several mediators; hence, of the currently available methods, this
seems like a way to get the most out of the data. The most important issue in SEM
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is that it is not for exploring but only for testing beforehand hypothesized models
based on theory or previous knowledge, which was the case here. Also, with these
points of observation and a rather long time period, the methods used in
individual level analyses did not reveal which aspects, cognitive, attitudinal, or
behavioral, changed first and which changed last, which also emphasized
continuation of the analyses using SEM approach.
For the attitudes, two items formed the factor ‘importance of toothbrushing
for acceptance’. The results of the confirmatory factor analysis revealed that these
items were not eligible for further analyses; the error variance for variable
‘friends’ acceptance’ was negative. It is recommended that if there are two or
more factors in the model, each factor should have at least three indicators (Kline
2005); for this factor, there were only two, which may be the reason for
unacceptable estimates. Thus, the attitude ‘importance of toothbrushing for
acceptance’ was omitted from further analyses. The results reported in Paper III
revealed that the change in toothbrushing frequency was statistically significantly
associated with the change in all other attitudes except for ‘importance of
toothbrushing for acceptance’, which further supported this decision.
Both CFA and SEM models resulted in significant chi-square values, which
might be due to rather large sample size, big correlations in the model, and the
four-class categorical variables. In these cases, the model should not be rejected
based only on this fit index, since it has been suggested to be highly sensitive to
sample size, especially if sample size is greater than 200, which, on the other
hand, has been suggested to be the minimum sample size to gain sufficient
statistical power for data analysis (Kline 2005, Hoe 2008). In this case, the
normed chi-square values may be used, and in the final model of this study it was
good. Other fit indices used indicated mediocre-to-good fit and good convergent
and discriminant validity.
The Lee-Herschberger replacing rules were applied when the directions of
relationships in the final model were considered; all directions of relationships
were based on theories and on previous studies. Directions of relationships
between knowledge, attitudes, and behavior were determined according to
cognitive theories. The relationship between interrelated attitudes was considered
bidirectional since there was no reason to assume one before another. Concern
about developing caries lesions was directly related only to knowledge. Therefore
the only possible pathway from concern to behavior led via knowledge. This
pathway was assumed to exist based on a randomized clinical trial in Pori,
Finland, where the baseline status of such a concern was shown to influence
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caries increment for the following 3.4 years (Hietasalo 2010) and required
reversing the relationship between concern and knowledge. Even though the
effect of concern was not strong, it seems to be an important part of the model
since it influenced the rest of the pathway, and removing it would have
significantly worsened the fit of the model. The weak relationship may be caused
by the fact that 15- to 16-yr-olds are at the stage when they are not very
concerned about caries.
6.3

Results

6.3.1 Effects of interventions
Among both the children in the oral health promotion (Promotion) and the oral
health promotion and risk-strategy (Combination) groups in Pori, as well as
among children in the Reference group in Rauma, there was a slight improvement
in children’s knowledge. Children in the Combination group tended to improve
their knowledge the most, and children in the Promotion group the least, which
indicates that the changes in knowledge were due to growing up and to the
experimental regimen of the trial, rather than to the promotion program. No
differences in attitudes were observed between the groups.
In Pori between 2001 and 2005 behaviors improved among children in both
groups. Children in Rauma also tended to improve their behaviors. This could
simply be due to growing up. However, most of the oral health-related behaviors
improved more among children exposed only to oral health promotion or to both
oral health promotion and the experimental regimen of the RCT than among the
reference group, although not always statistically significantly. This suggests that
both the experimental regimen of the RCT and the community level program of
oral health promotion in Pori had some effect. In particular, children in Pori were
more successful in terms of changing consumption of unhealthy products
(unhealthy eating, drinking, and smoking behavior) than children in Rauma were.
The multilevel-approach also included targeting the health promotion to
sports clubs, which may be the reason for the decrease in consumption of sports
drinks in Pori. In addition, the effect of the promotion program could also be seen
for smoking, which increased considerably more in Rauma than in Pori, but in
Pori there was no significant difference between the groups. This emphasizes the
key role of social support provided by the promotion program, which has also
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been acknowledged in previous studies on the effects of anti-smoking programs
(Sowden & Stead 2002, Thomas & Perera 2006).
Even though most of the observed differences between the groups were
modest, the fact that there were differences between the groups was encouraging,
especially for behaviors. In most studies, however, this has not been the case (Kay
& Locker 1998). Most previous studies of health education among schoolchildren
have found improvements in knowledge (Kay & Locker 1998, Redmond et al.
1999) but have not shown significant results in terms of changing behavior, (Kay
& Locker 1998), especially toothbrushing (Redmond et al. 1999, Koerber et al.
2005). The contradiction between the results of previous studies and this one may
be due to the fact that previous studies have usually been made with smaller
samples or shorter follow-up times than the present study, or with only a small
control group. The interventions in this study were on-going for 3.4 years,
continuously using various approaches and emphasizing the role of social support.
6.3.2 Differences between interventions
The oral health promotion and risk-strategy approach was more successful in
helping children to improve their knowledge and behaviors than was using just
the promotion program. In attitudes, there were no differences between the
interventions. When the RCT in Pori was considered, behaviors improved more
among the children in the experimental group than among the control group. The
results of different approaches to promoting oral health suggest that communitylevel promotion program affected behaviors related to eating, drinking and
smoking, while the experimental regimen of the trial affected mainly oral hygiene.
The children in the experimental group of the trial increased their
consumption of xylitol products considerably more than the children in the
control group did, which is probably due to the fact that xylitol lozenges were
distributed to the children in the experimental group. These results suggest that
availability may be one of the key factors in improving behavior; if the xylitol
products are given, children improve their frequency of using them, but teaching
alone is probably not enough to get them to buy the products. However,
information may be enough to affect behavior when it comes, for instance, to
eating candies, because one does not need to buy anything to change this behavior
for the better, merely abstain from buying.
In Finland, trials similar to the one in this study have been implemented
before but have not resulted in success (Seppä et al. 1991, Hausen et al. 2000).
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The main difference between those studies and the present one is the communitylevel promotion program creating social support and molding attitudes. This
indicates that the promotion program enhanced the effectiveness of the
experimental regimen of the trial and further highlights the role of social support
and the community atmosphere in adolescents’ health-related behaviors and
changes in them.
6.3.3 Individual changes in behaviors
The percentage of children with stable behavior throughout the study was very
high. For most behaviors, a child with good behavior at baseline was more likely
to maintain good behavior and to recover from lapses into poor behaviors than
was a child with poor behavior at baseline. For all behaviors, except for using
xylitol products, good behavior was more stable than poor behavior was. Of those
children who improved their behavior at the beginning, about 80% maintained the
good behavior throughout the study. Of those children whose behavior worsened,
only about 40% maintained the poor behavior throughout the study. For using
xylitol products, the percentages were not as good, which may be due to the rather
strict cut-off point; three times a day is very frequent and also a rather new
recommendation. Improving the use of xylitol products also requires that the
children buy the products.
In addition to drinking sports drinks, the children who changed their
behaviors tended to improve all of them. At baseline only a few children drank
sports drinks frequently so there was not much to improve; the challenge was to
maintain the good behavior. It has been shown that the children in the reference
town significantly increased their consumption of sports drinks during the study,
so remaining at the same low level should be considered a good result.
Between boys and girls, there were differences in every behavior. In general,
girls had better behaviors than boys did. Girls with poor behavior also tended to
improve their behaviors more than did boys with poor behavior.
During the entire trial, xylitol products were distributed to the children in the
experimental group. Thus, as could have been expected, there were some
differences in behavioral stability, stage transitions and relapses for using xylitol
products between children in the oral health promotion approach and children in
the risk-strategy approach. In 2001–2003, these differences were in favor of the
children in the risk-strategy approach, who improved their use of xylitol products
mainly in the beginning of the study, when distribution of xylitol lozenges had
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begun. However, in 2003–2005 the differences occurred in favor of the children
in the oral health promotion approach, who improved their use of xylitol products
later, and in 2003−2005 approached the level of the children in the risk-strategy
approach. These results suggest that if children get into the habit of buying the
xylitol products themselves, there are fewer relapses than among children to
whom the xylitol products have been given.
Oral health-related behaviors have been reported to be rather stable in
adolescence, and good behaviors are more stable than poor behaviors (Kuusela et
al. 1996, Åstrøm & Jakobsen 1998, Åstrøm 2004). This may be due to the fact
that when a child has good behavior, no-one pushes him/her to change it, unlike
the case when he/she has poor behavior. The results of this study are in
concordance with those previous results, even though the previous studies
included no intervention. In two studies using intervention in large samples,
health education had no effect on toothbrushing frequency (Redmond et al. 1999,
Koerber et al. 2005).
6.3.4 Interrelationships between changes in knowledge, attitudes
and behavior
On average, self-reported toothbrushing frequency and oral health-related
knowledge and attitudes improved among the same children during the study.
These results support the assumption that all three (cognitive, attitudinal and
behavioral) aspects are interrelated and change in clusters, also in terms of
children’s oral health-related behaviors. In addition, all three of these aspects
tended to improve during the same study period. In general, if knowledge
improved during the first time period of the study, so did attitudes and behavior.
This effect became diluted during the second period of the study; but it did not
vanish, which indicates that these changes are not merely temporary. The dilution
might have been due to the fact that those children whose knowledge worsened
during the first period of the study tended to increase their knowledge during the
latter period. Overall, the children who were least successful in the first period of
the study tended to change for the better in the second period in all three:
knowledge, attitudes, and behavior. This may be due to the fact that different
children are ready to absorb new information and change their attitudes and
behavior at different times or phases of their lives, or are influenced by different
kinds of campaigns.
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Comparing the detailed results of different studies is quite laborious because
the use of different concepts and terms varies. However, it can easily be done by
merely using general terms like attitudes instead of precise names for specific
attitudes. Similar clustering of alike health- and oral health-related behaviors,
knowledge and attitudes among children and adolescents has also been reported
previously in cross-sectional setups (Schou et al. 1990, Elliot 1993, Freeman et al.
1993, Koivusilta et al. 1999, Honkala et al. 2006, Honkala et al. 2007, Petersen et
al. 2008) and in two studies using a longitudinal setup (Åstrøm & Okullo 2004,
Ayo-Yusuf et al. 2009).
6.3.5 Interrelationships between knowledge, attitudes and behavior
using SEM
The results of the structural equation modeling on interrelationships between
knowledge, attitudes, and behavior aspects among 15- to 16-yr-olds in the
reference area also provided support for the hypothesized model, i.e. that
knowledge affects behavior directly and via attitudes. These results also supported
the hypothesized factor model, except for the factor ‘importance of toothbrushing
for feeling accepted’, which had to be removed from the model. Knowledge
affected behavior related to oral hygiene mainly via two interrelated attitudes
related to toothbrushing: ‘importance of toothbrushing for social situations’ and
‘importance of toothbrushing for health and appearance’. ‘Concern about
developing caries lesions’ was a preceding factor that influenced only knowledge
and hence affected behavior, not directly but via the entire knowledge-attitudesbehavior chain. Of the attitudes studied, ‘importance of toothbrushing when
participating in social situations’ had the greatest direct effect on oral hygiene
behavior.
This study further confirmed the clustering of knowledge, attitudes and
behaviors. We found only one study that used SEM to estimate relationships
between behavior-specific cognitions and oral health-related behaviors using
Pender’s health promotion model and in which it was concluded that behaviorspecific cognitions and attitudes affect oral health-related behaviors directly
(Morowatisharifabad & Shirazi 2007). Among children and adolescents, some
other health-related studies using SEM have found pathways from knowledge via
attitudes to behavior concerning avoidance of passive smoking, HIV risk-taking
behavior, violence in relationships, safe-sex behavior, doping behavior, bicycle
helmet use, and physical activity (Bazargan et al. 2000, Lajunen & Räsänen 2004,
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Petróczi 2007, Wang et al. 2008, Josephson et al. 2008, Bauman et al. 2008, Lou
& Chen 2009).

87

88

7

Conclusions

The results of this study showed that success of the extensive caries prevention
program conducted in Pori was strongly related to improved oral health-related
knowledge, attitudes, and behavior of children. The key elements of success were
creating social support and molding the community atmosphere to help the
children to improve their behaviors. Risk-strategy approach influenced mainly
oral hygiene behaviors while the oral promotion affected other oral health-related
behaviors, such as eating, drinking, and smoking behavior.
Behaviors, especially good ones, were rather stable. Children who had
learned healthy behaviors in the beginning of this study were likely to sustain
them throughout the turmoil of the teen years. In addition, possible lapses into
poor behaviors were more likely to be temporary than permanent. Improvements
in children’s knowledge, attitudes and behavior occurred at different times for
different children. Some of the children were ready for change in the first study
period, others in the second period, while a few were not ready to improve their
behaviors at all during the follow-up.
This study provided further support to the concept that cognitive, attitudinal,
and behavioral aspects of dental health and hygiene are interrelated also among
adolescents, and furthermore that knowledge affects behavior both directly and
via attitudes. Also the adolescent’s concern about caries lesions appeared to be
background factor influencing knowledge, attitudes, and behavior. The
importance of clean teeth in social situations seemed to be the most important
attitude in influencing oral hygiene behavior.
In the process of further developing effective health promotion, it seems
important to focus on the lacking concern about developing caries lesions among
adolescents. This may help adolescents to accept information and adopt healthier
attitudes. Furthermore, it seems crucial to improve attitudes instead of only
providing information. Using arguments related to social situations for motivation
may be helpful in aiming to improve oral hygiene habits among adolescents.
It would be preferable that interventions were conducted when children are
younger than in this study. However, intervention that includes various
approaches and emphasizes the meaning of social support can be successful also
among older children. Different types of campaigns influence different people at
different times. Thus, it is very important that oral health promotion is designed to
be a long-term continuous process, as is changing behaviors.
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