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Abstract
Objectives A selective intensified prevention (SIP) was
introduced at individual schools in deprived areas in Marburg
County (Germany) in 1995. The outcome of the program
was evaluated in sixth graders (mean age: 12.06 years) in
comparison to a control region.
Materials and methods Caries experience was recorded by
applying International Caries Detection and Assessment
System (ICDAS) II criteria. Tooth brushing habits and other
independent variables were examined psychometrically. To
compare the mean caries scores, non parametric tests were
applied. The influence of various independent variables
on caries experience was assessed by stepwise backward
logistic regression analysis. The matching criteria age,
gender, ethnicity and maternal education were used to
parallelize the samples.
Results ICDAS scores of 2–6 were detected uniformly more
often in the control region than in the test group. Combining
ICDAS scores 3–6, children from the control region (mean
D3–6MFT: 1.73) showed roughly double the caries experience
compared to the test group (mean D3–6MFT: 0.88, p<0.005).
The D5,6MFT score of the test group amounted to 0.50,
and the corresponding value of the reference group was
0.77 (p00.043). Multivariate analysis disclosed fissure
sealants, early start of tooth brushing and topical fluoride
application to be associated with the prevention of dental

caries. High frequency of sugar intake was associated with
the presence of dentine lesions.
Conclusions The results of our study confirm the positive
effect of SIP on the dental health of 12-year-old pupils
living in deprived areas.
Clinical relevance On the basis of ICDAS II, targeted pre-
ventive measures can be applied in children with increased
caries risk. Frequent applications of fluoride varnish inhibit
the progression of initial lesions in this group.
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Introduction

In the mid 1980s, the caries prevalence among children and
young people in the Federal Republic of Germany was quite
high [1]. Beginning in 1989, it became possible to intensify
preventive care for school children because changes in the
public health insurance system gradually improved the
general conditions for preventive dentistry in Germany.
From this time on, public health insurance companies
were obliged to pay both for preventive action taken in
schools (for 6- to 12-year- olds) as well as for individual
prevention (for 12- to 18-year-olds). In 1993, individual
prevention was extended to include children 6–11 years of
age. In addition, preventive sealing of fissures on molars was
also incorporated into the range of services covered by statu-
tory health insurance. In Marburg County, the regular appli-
cation of fluoride varnish was introduced at the beginning of
the 1980s to Marburg schools. The success of this concept has
been already evaluated [2, 3].

The systematic evaluation of group prevention within the
scope of "national surveys" also showed that dental health of
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12-year-olds, in particular, improved considerably between
1994 and 2004 [4].

Despite the observed caries decline, caries experience is still
often found to be polarized. This "polarization" of caries expe-
rience has rather intensified in the course of recent decades [5]
and is due to the fact that the social class a family belongs to
strongly determines how it makes use of preventive and cura-
tive measures [6]. Many studies show a correlation between
enhanced caries risk and socioeconomic deprivation [7]. That is
why the clause concerning group prevention was amended in
1993 with the goal of having prevention providers introduce
intensive prevention for children with increased caries risk.
Hence deficits in the family were to be compensated by
"selective intensive prevention" (SIP) in kindergartens and
schools. Comprehensive prevention based on fluoride varnish
applications has proven to be an effective method [8, 9]. In
Marburg County, SIP is offered at individual schools in un-
derprivileged districts comprising the following measures:

– Enhanced health education
– Oral hygiene instructions four times per year
– Fluoride varnish applications four times per year

Traditionally, caries is recorded at cavitation level in public
dental health programs in schools. This is standard practice in
the WHO recommendations for caries diagnosis [10]. Non-
cavitated lesions are often not taken into consideration. But
having the latter information may help to design targeted
prevention programs to prevent the progression of initial
carious lesions [11]. In order to investigate correlations between
specific parameters and dental caries in a population, it is useful
to record incipient lesions (D1, 2) and dentine caries (D3) as
well. Certain connections between the outcome variables for
caries and the independent variables can only be shown on the
basis of D1, 2 [3]. A suitable method is the International
Caries Detection and Assessment System (ICDAS) II [12],
which has already been validated [13] and is being used in
clinical studies [14–16].

Building on experience with basic prevention founded on
the application of fluoride varnish twice a year [2, 3],
supplementary intensive prevention measures began to be
introduced to schools in deprived areas of some regions in
Germany. Since there are at present no studies of the efficacy
of this SIP, the aim of this study was to evaluate the effect of
SIP in sixth graders in comparison to a control region without
SIP using the ICDAS II criteria.

Subjects and methods

Study areas and population

The study was approved by the Committee for Ethics of the
medical faculty, University ofMarburg, Germany (file number:

Studie 200/06, chairman: Prof. G. Richter). The subjects in the
study group (living in Marburg-Biedenkopf County in the
German State of Hesse) were compared to a control group
(recruited in Osnabrück County in the German State of Lower
Saxony) which is a demographically similar region. In the
study region, all schools being involved in the intensified
prevention were participating in the study. For the control
group, children were recruited from schools in socially
deprived areas without intensive prevention measures.
The fluoride concentration in the tap water of both
regions had been constant for many years and did not
exceed 0.25 mg F/l.

The examinations were performed between November
2007 and June 2008. A total of 19 schools were investigated
in both regions. The examination was focusing on sixth-
grade children. The dental examinations were supplemented
by collecting data on the parents. All pupils willing to
participate had been registered by their parents and informed
consent was given. Mentally or physically disabled adoles-
cents were not included in the study.

The gross sample covered 1,403 sixth graders and a total
of 925 pupils took part in the study (65.9 % response rate).
A total of 236 pupils came from the study region (76.1 %
response rate) and 689 from the control region (63 % re-
sponse rate). The mean age of all participants amounted to
12 (±0.6) years.

Organization of the study and dental examination

The examinations in the schools were performed by one
examiner (K.W.), who had been calibrated by an experi-
enced epidemiologist (K.P.) combining theoretical informa-
tion, preliminary diagnostic training with slides and
examination of patients. The diagnoses were checked
against those recorded by the reference examiner. The
inter-examiner reliability (kappa) showed a value of 0.74,
the intra-examiner reliability a value of 0.86.

The examinations took place either in a classroom or in
the first aid room. Before, supervised toothbrushing was
performed by each participant as ICDAS can only be ap-
plied in clean teeth. Single sites of teeth which had not been
cleaned thoroughly by the children themselves were
cleansed of dental plaque by the examiner. The dental status
of each child was surveyed using an examination table,
along with a halogen lamp, bottled compressed air which
for drying the teeth, plane mirrors and CPI probes. The
extent of tooth surface restoration (from untreated to missing)
was registered first, then the stage of the caries was assessed
using the ICDAS II criteria [17]. Due to legal restrictions, no
radiographs could be taken; instead, Fiber Optic Transillumi-
nation (FOTI) was applied. The presence of sealants was
determined, without identifying whether they were complete
or not.
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Ascertaining the exposure to preventive measures

Documentation from dental public health service of the
children in the study group was used to investigate which
preventive measures had been applied to the individual child
during the years at school. The frequency of oral hygiene
instructions, dietary counseling and fluoride varnish appli-
cations was recorded.

In the control group, no school-based preventive meas-
ures with topical fluoride application were offered.

Specific aspects and characteristics of children's exposure
to preventive measures were ascertained by having the parents
fill in questionnaires prior to the dental examinations. With
this, demographic information such as age, gender, marital
status, education, occupational status or ethnic origin
(language used in the family as stated by the parents) were
assessed. In order to minimize absences due to insufficient
language skills among families with an immigrant back-
ground, alternative letters and questionnaires for parents were
available in Turkish, Russian, Kurdish (two versions) and
Arabic, of which practically only the first two were used,
and then in small numbers.

The following variables were surveyed with the parent's
questionnaire: (a) Topical fluoridation at the dental office
(don't know/no/yes) and if so, how many times; since school
enrollment (b) use of fluoride supplements at home in the
past (don't know/no/yes) and if so, for how long; (c) use of
fluoridated salt at home (don't know/no/yes) and if so, since
when; (d) age at which the child began practicing dental
hygiene (before the first year of life/after the first year of
life.

The social status of the families was categorized by the
level of education and the occupational status. If the data
from the mother and the father differed, the highest value of
both was used. As we were not able to collect data
concerning family income, the transliterated occupational
status got a double weight and was added to the transliter-
ated level of education [18]. The resulting index exhibited
values between 3 and 23. Social status index values from 3
to 14 were assessed as low, from 15 to 19 as average and
from 20 to 23 as high social status.

Information on nutrition was recorded using a children's
questionnaire. In addition, the children's questionnaire
asked which foodstuffs were eaten or drunk in six
specific everyday situations. The questions included (a)
a description of the situation and (b) a selection of
various foods typical of the situation. A list was made
of healthy (harmless to teeth) and cariogenic foods. The
frequency of consumption was indicated using answer
scales graduated in fives (never, seldom, occasionally,
often, always) which were given point values from 0 to
4. The individual points were added together to yield
the sugar index.

Data collection and statistical analysis

The on-site findings were registered on a documentation
form noting type of school, gender and the date of exami-
nation of the child. After finalizing the dental examination,
the form for the findings, the questionnaires, and the blank
for preventive measures applied at school were collated.
After entering the data into an Excel database the statistical
analysis was performed using SPSS, Version 17.0.

The samples were parallelized by composing matched
pairs with children from the control region. The following
matching criteria were used: gender, age, mother’s educa-
tion, and ethnic origin. “Statistical twins” were found in the
reference group for 89.0 % of the test group. Thus each
group consisted of 210 children (total n0420, 49.0 % girls
and 51.0 % boys).

The outcome variables surveyed provided the basis for
calculating the following indices: D3–6MFT (including
ICDAS codes 3–6), D5,6MFT, D1,2F-S and D3-6F-S.

Mann–Whitney U-tests were used to test the significance
of the differences between averages. The significance level
was set at α00.05.

To examine the extent of influence of various indepen-
dent variables on the dependent variable D3–6MFT, a "step-
wise backward logistic regression analysis" was undertaken.
All variables surveyed with the questionnaire and fissure
sealings were included in the evaluation. The dependent
variable was dichotomized (D3–6MFT00 or >0).

Results

Dental examinations

The analysis was performed with the data for the paral-
lelized groups in order to be able to compare the two
regions independently of confounding factors. It became
apparent that ICDAS scores of 2–6 were detected uni-
formly more often in the control region than in the test
group (Fig. 1). The difference was significant for every
code. The proportion of filled tooth surfaces was also
significantly higher in the control region. However, the
ICDAS code 1 was found more frequently in the test
group than in the control group.

The mean caries scores are shown in Fig. 2. The average
values were significantly lower in the test region than in the
control group, except for the level of initial lesions (D1,2-S).
If we include ICDAS scores 3–6 in the calculation of
the D component, the difference between the two groups
becomes clearest. Then the children from the control region
exhibit roughly twice as much caries (D3–6MFT01.73, D3–

6FS01.94) as the children from the test region (D3–6MFT0
0.88, D3–6FS00.95).
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A D3–6MFT index of 0 was found among 60.0 % of sixth
graders in Marburg and 45.2 % of those in Osnabrück. The
largest observed D3–6MFT score was 12 (Fig. 3).

The group of sixth graders in the test group had an
average of 2.68 fissure sealants. In the control group, the
average amounted to 2.20 teeth with sealants.

Evaluation of the questionnaires

As far as oral hygiene is concerned, 61.0 % of the parents in
the test group and 53.3 % of the parents in the control group
indicated that they had started brushing their child's teeth in
the first year of life (p00.004). In the secondyear of life,
18.6 % (test group) and 17.6 % (control group) had begun.
In the test region, 19.6 % of the children had begun to brush
their teeth in the third year of life or later. In the control
group, this was 26.1 %.

There were no significant differences between the fami-
lies in the test and control regions in the use of fluoridated
table salt (53.8 % vs. 52.4 %).

By contrast, a difference was discovered in the use of
fluoride varnish in dentist's offices. In the test region,
59.5 % of sixth graders had received fluoride varnish appli-
cations from their family dentist. Among the young people

in the control region, the corresponding portion was only
41.4 %.

According to the statements of the parents, 77.6 % of
the young people in the test group and 81.0 % of those
in the control group had received fluoride tablets at
some time; 7.6 % (test group) and 5.2 % (control
group) could not remember whether they had taken
fluoride tablets or made no statement on this point.
On average, fluoride tablets were taken by the pupils
in the test region for 1.88 years and in the control
group for 2.63 years (p<0.005).

Results of the binary logistical regression

The binary logistical regression was done for the entire
group at the level of dentine caries (D3–6MFT). The
final logistic regression model is presented in Table 1.
Stepwise logistic regression analysis identified that fis-
sure sealants were significantly associated with the pre-
vention of dental caries (p00.023, odds ratio [OR]0
0.856). High frequency of sugar intake (sugar index)
was significantly associated with the presence of dentine
lesions (D3–6MFT) (p00.038, OR01.030). Early start of
tooth brushing and topical fluoride application were also
left over in the final model.
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Discussion

In the course of this study, the dental health of 12-year-olds
was ascertained in two regions in Germany, and all findings
were classified according to the ICDAS II criteria. Because
only a few studies have hitherto been conducted using this
system, comparisons with the results of other authors are
only possible to a limited degree. One problem was to
transliterate the ICDAS codes in DMFT findings in accor-
dance with the WHO standard. Braga et al. [14] compared
the caries experience of 252 children aged 3 to 5 years. For
this purpose, the dmft score was determined according to
WHO criteria on the one hand and according to ICDAS
criteria on the other. The difference in the dmft index be-
tween the two methods was not significant when the cut-off
point for caries was set at code 3 and registered using the
ICDAS system. If codes 1 and 2 (initial enamel caries) were
included as "d", the ICDAS method yielded dmft scores
which were four or three times higher, respectively, com-
pared to the WHO standard method. If caries was only
included in the dmft calculation at ICDAS code 4, this
resulted in a significantly lower dmft score than if registered

in accordance with the WHO standard. Jablonski-Momeni et
al. [13] showed that ICDAS-II code 3 corresponds histologi-
cally to a dentine lesion.

In this study, the cut-off point for caries was also set at
code 3 when calculating the DMFT index and marked as
D3–6MFT. If we choose this approach, the difference between
sixth graders with and without intensive preventive care
stands out most clearly: the average D3–6MFT index in the
test group of the parallelized sample amounted to 0.88, in the
comparison group to 1.73 (Fig. 2). The D5,6MFT was con-
trasted with this by way of comparison. The difference in
caries experience between the groups (test group: 0.50; con-
trol group: 0.77) remained significant, yet shrank by two-
thirds. This clearly shows that the difference between the test
and control group depends greatly on the mode used to record
caries [19].

In order to detect children with an enhanced caries risk in
the course of our study, social characteristics in the respec-
tive settings were also used along with the schools' DMFT
averages. Many authors suggest this method as a possible
strategy for detecting individuals who are at risk and can be
better reached in "settings" (schools or municipal regions) or

0

10

20

30

40

50

60%

0 1 2 3 4 5 6 7 8 9 10 11 12

D3-6MF-T

Test region Control region

Test region 60.0 18.1 9.0 5.2 3.8 1.9 1.9 0 0 0 0 0 0

Control region 45.2 13.3 11.4 15.2 4.8 2.4 2.4 1.4 1.4 1.0 0.5 0.5 0.5

0 1 2 3 4 5 6 7 8 9 10 11 12

Fig. 3 Frequency distribution of the D3–6MFT in the test (MR) and control region (OS)

Table 1 Association between independent variables and D3−6MFT using binary logistic backward stepwise regression analysis: final model

Independent variables β SE Wald statistic p value OR (95 % CI)

Fissure sealants −0.155 0.068 5.173 0.023 0.856 (0.749–0.979)

Sugar index 0.030 0.014 4.327 0.038 1.030 (1.002–1.059)

Late start of tooth brushing 0.330 0.186 3.153 0.076 1.391 (0.966–2.002)

Topical fluoride application −0.045 0.027 2.900 0.089 0.956 (0.907–1.007)

β adjusted coefficient of the regression, SE standard error, OR odds ratio, CI confidence intervals
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by focusing more strongly on specific ethnic minorities
[20, 21]. The SiC index can be used as a benchmark for
increased caries risk in a population [22].

We were able to enhance the validity of our results by
successfully parallelizing the samples based on five charac-
teristics. Nearly every pupil in Marburg was paired with
a "statistical twin" from the extensive comparison group
in Osnabrück. This enabled us to avoid a subsequent
"selectivity bias" in the test group.

Topically applied fluoride preparations prevent caries not
only by increasing the remineralization rate, but also by
inhibiting the progression of initial lesions [23]. The results
of our study appear to corroborate this effect: for initial
lesions with an ICDAS characteristic of 1 and 2, an average
of 1.80 was found in the test region, and 2.14 in Osnabrück
(Fig. 2). Here, the groups did not differ significantly from
each other.

Using the ICDAS II method in caries epidemiological
studies is undoubtedly more laborious (the tooth surfaces
must be dried with compressed air, patients are examined
lying down) and also entails a more elaborate mode of
recording. The examination of a child using ICDAS II
criteria takes longer than using the WHO standard, and
yields a larger amount of data which also takes longer to
process. On the other hand, the ICDAS method can detect
not only carious lesions needing restorative treatment, but
also the stages of disease at which prevention is still effec-
tive, thus enabling invasive measures to be postponed. As
this study shows, the mean difference between averages of
caries scores of test and comparison groups depends on the
cut-off point used (D3–6MFT vs. D5,6MFT). This indicates
that early stages of caries should also be included in the
evaluation of preventive measures. In view of the increase in
the number of "caries free" young people according to
WHO criteria, it is also recommendable to shift to a more
finely graded registration of caries in order to be able to
estimate a suspected shift in the direction of caries lesions
which only cavitate later on.

To compare caries prevalence in this study with other
national and international results, it is advisable to use
the D5,6MFT since it is by definition closer to the WHO
standard. Hence a comparison with the most recent national
studies turns up similar values: among 12-year-olds, an
average of 0.72 DMF teeth were registered [24]. A
comparison with European data is only possible to a
limited extent at this juncture, because at present there
are but a few published studies including ICDAS crite-
ria in the age group of 12-year-olds. Augustsdottir et al.
[16] examined 757 twelve-year-olds in a national study
in Iceland. Here, the average D3–6MFT was 1.43, while
the average D1,2S was 4.47 and thus substantially higher
than in our study. The SiC index for 12-year-old children in
Iceland was 3.7 by visual examination.

Considering that the 12-year-olds in this study were
recruited primarily from settings with above-average caries
experience, the D5,6MFT scores in both regions (0.5 or 0.77,
respectively) can be assessed as especially positive. This
suggests a further decline among young people with a
higher caries risk. The goal set by the “German Dental
Association” for 2020 — average DMFT score <1 for 12-
year-olds [25], has also been reached in a sample with high
caries prevalence.

As the multivariate analysis of the overall sample
showed, fissure sealing exhibits the most distinct effect of
the measures used in individual prevention. In this context,
sixth graders in Marburg showed a higher level of fissure
sealing and restorative treatment, implying that intensive
group prevention also enhances the willingness to make
use of individual prevention and dental treatment. Marburg
pupils are not only examined by public health dentists
employed by the community twice a year, but also receive
information on preventive measures from their family
dentists. Another indication of increased use of individual
prevention is the fact that fluoride varnish applications from
the family dentist were more frequent among Marburg sixth
graders, despite the offer of group prevention, than in the
control group. In the regression analysis, the positive
influence of fluoride varnish applications overall (group
and individual prevention) on the D3–6MFTwas confirmed. In
the literature, various fluoride varnish programs are assigned
caries reduction rates from 18 % to more than 70 % [8, 9, 26].

The regression analysis also yielded a correlation be-
tween caries experience and the number of sugar impulses.
In the literature, we find various statements regarding the
influence of diet. Pereira et al. [27] found a connection
between the sugar intake of 12-year-olds in Brazil and
non-cavitating lesions, but not with the DMF-S value. A
data analysis from a random sample of 1,450 preschoolers in
Great Britain showed a significant caries-inhibiting effect if
the teeth were brushed twice a day with toothpaste containing
fluoride. Foods and beverages containing sugar were not
associated with the appearance of caries unless the children
only brushed their teeth once a day or less [28]. In a study of
American preschoolers, the consumption of chips was corre-
lated with caries as a significant factor along with the tradi-
tional risk parameters (i.e., the presence of plaque, sugar
intake and socioeconomic status) [29]. Although a current
overview of the role of nutrition and health mentions that the
cariogenic effect of sugary foodstuffs can be reduced by using
fluoridated products and good oral hygiene [30], it is none-
theless made clear that a primary goal should be to reduce
sugar intake because this is related to dental health.

The results of our study confirm the positive effect of the
Marburg intensive prevention program on the dental health
of 12-year-old pupils with a high risk of caries. The caries
diagnosis with the ICDAS II proved in the course of the
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study to be a suitable instrument for more clearly illustrating
group differences. The less frequent occurrence of ICDAS
codes 3 and 4 in the test group demonstrates that the fluoride
varnish program studied here inhibits primarily the progres-
sion of initial lesions.
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