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The purpose of the present study was to determine whether the caries-preventive effect of
school-based programs with fluoride (F) mouthrinsing or toothbrushing was evident at the
end of a post-treatment follow-up period of 11 years. Two groups of subjects examined at 14
years of age (born in 1960), who had participated in fortnightly F rinsing (n = 52) or in F
brushing 4-5 times a year at school (n = 50), were re-examined radiographically and completed
a questionnaire at age 25 years. A comparison group of 25-year-olds (n =51) was also
included. Analyses of variance showed that the benefits of participation in school-based F
programs seem to have been lost. It appears that these caries-preventive programs have
delayed rather than prevented caries and that F toothpaste and other caries-preventive efforts
have been insufficient to avert a substantial caries activity during the follow-up period.
O Dental epidemiology; preventive dentistry; questionnaire; radiography
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Follow-up studies of caries development 1 to
7 years after discontinuation of school-based
fluoride mouthrinsing or toothbrushing pro-
grams have given conflicting conclusions (1-
6). Several studies have had relatively short
follow-up periods (0.5-2.5 years) (4-6) or
methodologic limitations such as retrospec-
tive controls (3, 5, 6). Some long-term ben-
efits have been reported, but the evidence
with regard to caries prevalence at the age
when the subjects left the programs has been
only indirect (1, 2). Interpretation of existing
evidence of post-treatment benefits from
participation in school-based fluoride rinsing
programs is also confounded by lack of infor-
mation on the individual level about caries-
preventive activities and dental attendance
during the follow-up period (3-6). For these
reasons it was decided to attempt to extend
the post-treatment follow-up period beyond
7 years for groups whose caries prevalence
was known when they left a fluoride mouth-
rinsing or toothbrushing program and to in-
clude a comparison group without exposure
to this type of school-based caries preventive
program.

The purpose of the present study was to
determine whether supervised school-based
fluoride programs have had any long-term
effect on caries prevalence and incidence
during an 11-year post-treatment follow-up
period.

Materials and methods

Study sites

Porsgrunn, Skien, and Sarpsborg are
Norwegian towns with 31,300, 47,300, and
11,900 inhabitants, respectively. Socioeco-
nomic conditions are comparable, and dom-
estic water supplies contain less than 0.13 mg
fluoride per liter.

Study participants

We attempted to locate for this study
Porsgrunn and Skien residents born in 1960
who had been examined by Birkeland &
Jorkjend (7) at 14 years of age in 1974.
Supervised mouthrinsing with a 0.2% NaF
solution once a fortnight (20 times a year)
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had started in Porsgrunn (FR) in 1964, and
supervised toothbrushing with 0.5% NaF
solution 4-5 times per year in Skien (FB) in
1965. Residents of Sarpsborg born in 1960
were chosen as a comparison group because
they had not been exposed to a school-based
fluoride program (NF) during the relevant
period (1967-1974) (Fig. 1).

The subjects were invited by letter and
through local newspapers and radio to
receive radiographic examination between
June 1985 and March 1986. To exclude sub-
jects who had not attended school in
Sarpsborg, they were asked to return an
answer slip, and 62 persons did so.

Eligible subjects who did not turn up at a
designated local public dental clinic after one
reminder were offered free consultation plus
radiographic examination by a dental prac-
titioner of their own choice. Ten to 15% of

Table 1. Number of subjects and non-response, by
group

Group

Description FR* FBt NFi

Target group 85 90 181
Address unknown 2 — 3
Not Sarpsborg, 7-15 years — — 69
Away from home. etc. 2 4 5
No radiographs — — 1
No contact 32 36 52
Participants 52 50 51

* FR = fluoride rinsing at school, Potsgrunn.
+ FB = fluoride brushing at school, Skien.
£ NF = no fluoride program at school, Sarpsborg.

the participants took advantage of this offer.
The number of participants and the non-
response by group is shown in Table 1. The
mean age of the subjects in the FR group
was 25.34 years (*0.30 years), in the FB
group 25.33 years (=0.32 years), and in the
NF group 25.66 years (+0.27 years); these
differences between the groups were not
statistically significant (P > 0.10).

Questionnaire

All subjects were asked to complete a
questionnaire containing precoded ques-
tions. The answers with regard to partici-
pation in school-based F programs were in
agreement with information about the NF
subjects given by the Public Dental Service
in Sarpsborg and about the FR and FB sub-
jects by Birkeland & Jorkjend (7). Other
questions pertained to dental visiting habits
while at and after leaving school; use of
flouride-containing toothpaste; exposure to
fluoride rinsing at home; professional topical
application of fluorides; frequency of intake
of cariogenic snacks or beverages between
meals; and their own occupation, to deter-
mine social class (class 1: with higher edu-
cation or in top administrative positions;
class 2: white-collar workers, foremen, and
farmers; class 3: blue-collar workers, etc.).
The percentage distribution of subjects by
group and by the most important inde-
pendent variables of the study is given in
Table 2. Chi-square analyses on 2 degrees of
freedom showed no statistically significant
differences in distribution of subjects among
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Table 2. Percentage distribution of subjects by group*, gender, social class, dental visiting
habits, type of dentifrice used, and frequency of snacks between meals

FR (n = 52), FB (n = 50), NF (n = 51),
Characteristics Yo Y% %

Sex

Women 63.5 48.0 51.0
Social class

1+2 26.07 28.3% 32.0%
Dental visit

Yearly while at school 94.2 78.0 84.3

Last visit <12 months ago 75.0 70.0 74.5

Regularly at least once a year 75.0 61.2% 74.5
Fluoride dentifrice 92.3 88.0 92.2
Cartogenic snack

Every day or every second day 40.4 32.0 47.1

* Abbreviations as in Table 1.

T n=50.
tn = 46.
§ n =49,

groups (P > 0.05). Although not statisticalty
significant, there were some notable dif-
ferences with regard to gender, dental visits
while at school, and regularity of dental visit-
ing habits after leaving school.

Radiographic examination

One pair of posterior bitewing and three
upper anterior periapical radiographs were
_taken of each subject, using Kodak DF57
ultra-speed films and Twix filmholders.
Exposure time and processing were in
accordance with the manufacturer’s rec-
ommendations. The radiographs taken at 25
years of age were assessed under stan-
dardized conditions by one examiner, who
was unaware of the subjects’ group identity.
The criteria and definitions used were those
described by Haugejorden (8). This entailed
the recording of the earliest detectable
approximal radiographic carious lesion, as
did Birkeland & Jorkjend (7). Approximal
surfaces from mesial on second molars to
mesial on first premolars and on maxillary
incisors were assessed (36 surfaces). Fillings
on occlusal (16 surfaces) and buccal or lin-
gual (20 surfaces) surfaces on molars, pre-
molars, and maxillary incisors were also
recorded (totally, 72 surfaces).

Teeth presumed to have been extracted
because of caries were assigned 2 surfaces in

DMEFS scores for approximal surfaces and 4
surfaces in DMFS scores for all 72 surfaces
considered (no maxillary incisors were miss-
ing because of caries).

The radiographs from the examination of
the FR and FB subjects at 14 years of age
(7) were not available for re-assessment in
1987, when the most recent radiographs were
examined. Consequently, prevalence esti-
mates at age 14 years are based on the
records of Birkeland & Jorkjend (7). Esti-
mates of caries increment on 68 surfaces
(excluding buccal or lingual surfaces of 4
maxillary incisors) between 14 and 25 years
of age are based on examinations by different
examiners. This is not a serious problem
because the filled component dominated the
DFS scores at both ages, and it is known that
inter-examiner variability is negligible for the
recording of restored surfaces.

The subjects of the NF group had not
been radiographically examined for survey
purposes at 14 years of age. Consequently,
the caries incidence from age 14 to 25 years
could not be determined.

Statistical analyses

Two-tailed Student’s ¢ tests were used to
compare independent samples and paired
observations. Three-way analysis of variance
(ANOVA) was applied to compare caries
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Table 3. Mean (£SD) radiographic caries prevalence
(DMFS) at age 25 years on the basis of all 72 surfaces
by gender and group

Men Women
Group* x SD X SD
FR 32.3 10.27 27.0 13.38
B 36.0 10.72 337 11.69
NF 34.6 12.17 33.6 9.84

* Number of subjects in subgroups may be calculated
from Table 2.

scores among groups by means of StatView
512+ (9).

Examiner error

Eighteen sets of radiographs taken at 25
vears of age were reassessed independently
and unknown to the examiner. There were
no statistically  significant  differences
between duplicate component or DFS or
DMES scores (P > 0.10).

Results
Caries prevalence at age 25 years

Mecan DMFS scores by gender and groups
are given in Table 3. It will be seen that men

ACTA ODONTOL. SCAND 48 (1990)

consistently had a somewhat higher mean
DMES score than women, especially in the
FR group. This is the reason why gender was
included as one of the variables in the three-
way analysis of variance of the results.

Mean radiographic caries prevalence
scores at 25 years of age are shown by group
for various numbers and combinations of
surfaces in Table 4. The subjects of the FR
group on the whole had somewhat lower DS,
MS, FS, and DMFS scores than those in the
other two groups. One notable exception
was the mean number of surfaces presumed
missing for reasons other than caries, for
which the scores were 3.7 (FR), 1.9 (FB),
and 1.6 (NF), or 4.4, 2.9, and 4.1 regardless
of reason for extraction.

The subjects had high caries prevalence
scores, ranging from 28.9 DMFS in the FR
group to 34.9 DMFS in the FB group when
including 72 surfaces. The corresponding
scores for 36 approximal surfaces were 15.6
and 18.7, respectively. DFS scores for 12
maxillary incisor surfaces ranged from 3.0 to
3.5. Furthermore, decayed surfaces con-
stituted from 1.8% to 3.7% of the total
DMEFS scores, and filled surfaces from 89%
to 96% of the scores. The NF group had the
lowest proportion of filled surfaces (89%)
and DS score, which accounted for 3.4% of
the total DMFS (Table 4).

Table 4. Mean (=SD) radiographic caries prevalence (DMFS) at age 25 years on the basis
of all 72 surfaces, 36 approximal and 12 maxillary incisor surfaces, by group

FR (n = 52) FB (n = 50) NF (n =51)
Index x SD x SD X Sb
Al 72 surfaces
DS 1.1 1.46 0.6 1.11 1.2 1.58
MS 0.8 2.32 1.0 3.08 25 4.04
FS 27.1 12.07 33.3 11.64 30.5 11.33
DFS 28.2 12.07 33.9 11.55 31.6 11.24
DMES 289 12.49 34.9 11.14 341 10.94
36 approximal surfaces
DS 1.0 .47 0.6 I.11 1.1 1.51
MS 0.3 1.01 0.5 1.49 1.2 1.94
ES 4.2 8.62 17.6 8.61 16.2 8.42
PES 15.2 8.60 18.2 8.57 17.4 8.33
DMES 15.6 8.71 18.7 8.38 18.6 8.05
12 maxillary incisor surfaces
DS 0.2 0.46 0.1 0.45 0.3 0.58
FS 2.9 2.93 3.4 2.86 3.1 3.38
DFS 3.0 3.03 3.5 2.93 3.4 3.45
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Table 5. Mean (+SD) caries prevalence (DFS) at 14 and
25 years of age and caries incidence (ADFS) between 14
and 25 years, by group (68 surfaces)

FR (n=50) FB (n=49)

Index i sb % SD pP*
DFS14 192 950 252 1037 0.05
DF$25 273 1179 328 1115 0.16
ADFS14-25 82  7.63 76 748 045

* Probabilities based on three-way ANOVA.

Some mean differences in crude caries
prevalence scores were statistically signifi-
cant at the 5% level, using Student’s two-
sample tests (Table 4). A 3-way ANOVA,
taking gender, regularity of dental visits after
leaving school, and group into account,
showed that observed differences in DMFS
score (72 surfaces) at 25 years of age were not
statistically significant (F = 2.345, P > 0.10).
Comparisons among the three groups by
means of other combinations of surfaces and
indices of caries prevalence concurred with
this finding.

Caries incidence at 14-25 years of age

The caries prevalence scores at 14 years of
age were based on 68 surfaces (7). The DFS
scores for groups FR and FB at this age
and at 25 years for subjects present on both
occasions showed 11-year caries increments
of 8.2 DFS and 7.6 DFS, respectively, a
difference that was not statistically significant
(Table 5).

An estimate of the number of surfaces
at risk of primary caries attack during the
follow-up period was obtained by subtracting
from 68 surfaces the DFS score at 14 years
of age and the number of surfaces lost for
reasons other than caries. This approach
gave caries attack rates of 18.1% for the FR
group and 18.7% for the FB group.

Discussion

The present results are important for three
reasons. First, supervised fluoride mouth-
rinsing or brushing programs and use of flu-
oride toothpaste are providing a limited
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caries reduction from about 32 to about 20
DMEFS in 14-year-olds (10). Our present low
caries prevalence in these age groups is about
8 DFMS (11), an improvement that may
be related to long-term preventive efforts.
Secondly, it was disappointing to observe a
caries increment of 8 DFS (mainly FS) in
spite of fluoride toothpaste and other caries-
preventive efforts. Thirdly, benefits and atti-
tudes gained through participation in the
supervised fluoride programs have a small
effect on the caries prevalence at the age of
25. On the other hand, only every fifth per-
son of the former participants of school-
based F programs had lost a tooth because
of caries, compared with every second per-
son in the NF group.

Birkeland & Jorkjend (7) found a mean
difference between the FR and FB group of
8.6 DFS at 14 years of age; the corresponding
difference for the participants in the present
investigation was 6.0 DFS. At age 25 it was
5.5 DFS, a difference that was non-signifi-
cant at the 5% level according to the 3-way
ANOVA. Relatively small study groups and
an exceptionally large difference in DMFS
score between men and women in the FR
group (Table 3) have clearly affected this
outcome.

The results of this study may have been
influenced by the fact that caries experience
was determined by partial recording in
groups showing relatively high caries preva-
lence. Thus there was a danger of saturation
(‘ceiling effect’). Logically, this would be
most critical in the posterior region of the
mouth, but ANOVA limited to 12 maxillary
incisor surfaces confirmed the results for 72
surfaces. Still, it cannot be precluded that
saturation, especially in the FB and NF
groups, may have reduced the possibility of
detecting long-term benefits of school-based
F programs which may have persisted.

A study of the annual reports of the School
Dental Services of Sarpsborg (NF) showed
that members of the 1960 cohort, although
they had not participated in a school-based
F program, on the average had received 0.4
professional topical F applications (2% NaF)
per year in the course of 9 years and 0.4 F
rinses per year in the dental clinics during
their last 7 years at school. Use of F tooth-

11-Year Follow-up Study of Dental Caries
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paste may be assumed to have been reason-
ably comparable in all three groups after 11
vears of age (Fig. 1, Table 2). Thus another
explanation is that the differences in F
exposure among groups may have been too
small to affect DMF scores at 25 years of
age.

The more favorable results shown by
group FR may partly be due to a relatively
high proportion of women in the group. It is
known that women in Norway brush their
teeth more often than men and consequently
use a F toothpaste more often (12, 13). The
fact that the women in the present study
consistently had slightly lower caries preva-
lence score than their male counterparts
{Table 3) tends to support this view. The
percentage distribution of study participants
by group on some independent variables
other than school-based F program tends to
favor a lower caries prevalence score in
group FR than in the other two groups,
especially group FB (Tables 2 and 3).

Dental visiting habits while at and after
leaving school favor the FR group, but
neither self-care nor professional services
would appear to have been sufficient to con-
trol caries activity during the follow-up
period (Table 5). The finding that caries-
preventive knowledge among dentists and
dental hygienists in Norway (14) and the
caries preventive services they provided (15)
were in need of updating in relation to the
current state of the art may partly explain
this observation.

In the present material there was a positive
correlation between the number of dentists
subjects had been treated by and their caries
prevalence scores (results not presented).
After leaving school the subjects of the FR,
FB. and NF groups had on the average been
treated by 2.0, 2.2, and 1.7 dentists, respect-
ively—a finding that tends to favor a lower
DMEF score in the NF group than in the other
two groups.

Collectively, the evidence presented here
supports the contention that the benefits of
school-based F programs decrease as the
length of the follow-up period after discon-
tinuation increases (2, 4, 5). Thus the caries
prevalence in the FB group was marginally
higher than in the NF group; that is, the long-
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term benefits of limited practical importance
observed after 7 years (1) was not found after
11 years. The statistically non-significant
lower caries prevalence score of the FR
group compared with the other two study
groups cannot reasonably be ascribed wholly
to participation in the school-based F
mouthrinsing program, as other independent
variables tended to favor lower caries scores
in this group. The presence of interaction
approaching significance at the 5% level in
the ANOVA supports this conclusion. Thus
it seems that these school-based caries pre-
ventive programs have delayed rather than
prevented caries and that fluoride toothpaste
and other caries-preventive efforts have
been insufficient to avert caries activity.
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