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A novel slow-release administration device, the “Fall-Asleep Pacifier” (FAP), was studied as a prophylactic
measure against mutans streptococcal oral infection and dental caries in a risk group of 1-year-old children
by comparing the test (T, »=34) and control (C, n = 88) groups in a prospective cohort study. In the T
group the children received their fluoride tablets (Fludent™, containing NaF corresp. 0.25 mg F~, xylitol
159 mg and sorbitol 153 mg)in the evenings in FAP. In the C group the children received the same dose of
Fludent™ crushed in food in the evenings. The proportion of children, whose plaque samples from the
upper incisors were mutans streptococcus positive at the age of 24 months, was significantly (P < 0.05)
greater in group C (25%) than in group T (9%). The children in the T group developed significantly
(P<0.001) less (none) new dentinal carious lesions in their primary dentitions than the children in the C
group between 2 and 37 years of age. Fifty-four percent of the children to whom the FAP was offered
complied with regular use of it. The beneficial effect observed in the T group compared with the C group
was apparently mostly due to the administration mode via FAP, which could prolong the intra-oral bio-
availability of the prophylactic preparation. O Caries rusk; primary teeth; pacifier; sodium fluoride; xylitol
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A major determinant in the initiation of dental caries is the
colonization of tooth surfaces by mutans streptococci (MS)
(1, 2). The earlier the establishment of MS in the primary
dentition occurs, the more extensive and rapid caries
development can be expected (3-5). Because caries in
primary teeth can indicate also a high risk of caries in
permanent dentition (6), the main objective in prevention
should be the avoidance or a delay of the primary MS
colonization of newly emerging tooth surfaces in infants.

Reductions in the primary colonization of MS and in
the subsequent caries incidence rate might be achievable
with a novel strategy in which prophylactic agents are
administered via a slow-release pacifier, named Fall-
Asleep Pacifier (FAP) when used as indicated (7, 8,9).
The idea is to substitute caries-promoting fluids given in
bottles to infants at bedtime by releasing caries-preventing
agents from the FAP.

With this strategy topical fluoride effect lasts obviously
for a longer time than if the agent is used awake, because
during sleep salivary secretion ceases and, while swallow-
ing is absent, there is no oral clearance (10). Fluorides can
in high concentrations and at low pH reduce the acid
production by MS (11) and long-term exposure to F~
might select for less aciduric species (12). Fluorides may
also hinder the adhesion of MS via mechanism of
clectrostatic surface tension (13). The most important
effect of fluoride ion is considered to be its ability to
promote remineralization in low concentrations, thus
counteracting mineral loss in the tooth (14).

A night bottle’s fermentable sugars can be substituted in
FAP by small amounts of cariostatic sweeteners, such as
xylitol and sorbitol. Synergism of xylitol and fluoride in the
inhibition of glucose metabolism has been reported with
Streptococcus mutans (15). Xylitol and fluoride may even have
an additive inhibiting effect on enamel demineralization
(16). Apparently due to some of its inhibiting properties
against bacterial growth and adhesion, or plaque accu-
mulation (17—-19), xylitol reduces dental caries and middle
car infections in long-term frequent administration
(20, 21). Since sorbitol does not cause such an energy-
consuming futile metabolic cycle as described with xylitol
in MS cells (22), its ability to inhibit primary MS
colonization might be weaker than that of xylitol.

In this investigation we have tested the compliance with
a fluoride, xylitol and sorbitol releasing prototype FAP and
its effect on oral MS infection and caries development in a
child population at risk.

Materials and methods

General study design

The study was conducted in a low-fluoride (<0.2 ppm
) area of Lohja city and surrounding countryside in
southern Finland under the control of the Lohja District
Health Center and with the permission of the Ethics
Committee of the Medical Faculty, University of Turku.
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Table 1. Dental examinations in the test (T') and control (C) groups.
Figures are numbers (percentages) of children unless stated otherwise.
MS = mutans streptococcus

T®m=34) C (n=288)

Mean (SD) age at dental exam I (years) 2.03 (0.08) 2.03 (0.05)

Mean (SD) age at dental exam II (years)  3.54 (0.07) 3.53 (0.10)

Plaque sample MS-positive at exam 1 3(9) 22 (25)*

Number of caries cases at exams I and 1, 1 3, 14
11, re%pectively

Decayed, missing, filled (dmf) surfaces I, 1 14, 94
at exams 1 and 11, respectively

New caries cases/dmf surfaces between 0/0 11/80% /3
exams I and 11, resp.

Dentocult SM® test MS-positive at 31 (91) 74 (84)
exam II

Dentocult SM® test score >1 at 17 (50) 48 (55)
exam II

* Significant difference between T and C groups; P < 0.05.
**% Significant difference between T and C groups; £ < 0.001.

Informed consent was obtained from the mothers before
the intervention study.

The flow chart in Fig. 1 shows the participation scheme
in the whole study population until the age of five.
However, the main focus of this report is on the cohort of
122 risk-group children who displayed complete data at
the five study contacts during the period from 1 to 33 years
of age (Tables 1 and 2).
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The principal outcome parameters (oral MS counts and
caries rates) were measured at the ages of 2 and 33 years.
For the control of bias, differences in the background
variables were sought between the test and control groups.
To facilitate evaluation of suspected confounding factors,
some comparisons and predictive risk indicator analyses
were performed among the whole study population.

Selection of children into the risk group at the age of 12—14
months

From November 1992 to December 1993 nurses at 10
child health counseling offices of the health center
interviewed a total of 548 mothers with 1-year-old babies
(n=557), using a questionnaire. Children were assigned to
a risk group (n = 235), i.e. were considered suitable for the
pacifier study, if according to the questionnaire data they
met one or more of the following three criteria: (i) had
received juice in baby bottle at bedtime, (i1) sucked breast,
fingers or bottle (water/milk/milk gruel) at nights and
their mothers consumed sucrose-sweetened drinks daily
and/or candies more often than once a week, (ii1) sucked
pacifiers and did not consume fluoride tablets regularly,
and their mothers consumed sucrose-sweetened drinks
daily and/or candies more often than once a week. There
were 26 children whose mothers declined to take part in
the study, which therefore proceeded with 209 children.

Table 2. Description of the test (T') and control (C) groups. Figures are numbers (percentages) of children unless stated otherwise

Characteristics T (n=34) C (n=88)
Number of boys/girls 18/16 35/53
Rural residence 12 (35) 15 (17y*
Percentage of regular users of fluoride tablets
At ages 12, 18, 24, 42 months, respectively 62, 82, 77, 50 67, 86, 77, 51
Percentage brushing teeth daily at ages 24, 42 months, respectively 65, 91 65, 86
Mean (SD) score of the consumption frequency of sweets
And added sugar (summary index of ages 16, 18 and 42 months) 5.5 (2.3) 7(2.2)
Daily users of sugary candies or added sugar at age 24 months 3(9) 25 (28)*
Percentage of daily users of xylitol and/or sorbitol sweetened
Candies at ages 16, 18, 24, or chewing gum at age 42 months, respectively 6, 0, 12, 24 3, 6, 14, 36
Percentage of bottle suckers at ages 12, 16, 18, 24, 42 months, respectively 79, 74, 50, 38, 12 78, 67, 58, 41, 117
Percentage of night-juice bottle users at ages 18, 24, 42 months, respectively 6, 3,0 6,11, 3
Never used a juice bottle 20 (59) 50 (57)
Exposed to tobacco smoke at home 6 (18) 11 (13)
Percentage in daycare outside home at ages 24, 42 months, respectively 18, 47 21, 49
Antimicrobial medication between ages 18 and 24 months 18 (53) 40 (45)
Maternal high Dentocult SM® score (= 3) 14 (41) 34 (39)
Maternal caries activity (presence of =1 decayed teeth) 1(32) 41 (47)
Mean (SD) score of the index of maternal consumption
Frequency of refined foodstuffs and sugar 6.3 (2.9) 7.2 (2.9)
Mother’s education low (elementary school only) 20 (")9) 40 (45)
Frequent mother-infant salivary contact (scores 3-6) (28) 10 (29) 25 (28)
Mean (SD) length of breastfeeding (months) 45 (2.8) 6.7 (4.6)*
Percentage of dummy users at ages 12, 16, 24, 42 months, respectively 91, 94, 65, 18 82, 82, 68, 9

* Significant difference between T and C groups; P < 0.05.
*#% Significant difference between T and C groups; £ < 0.001.

1 Significant difference in reduction of bottle use from age 16 to age 18 between T and C groups; P < 0.05.
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POPULATION 557 children 105 children
::(]llz.l_lnYmu. l pa.ﬂ.icip?ted I did not participate
RISK LOW RISK

[n = 235) [n =322}
ENHANCED - 63 did not patticipate |
PROPHYLAXIS Yes {received Fludenttablets) No No No
at 16 mo. —l .

81 were offered 91 were not
the test pacifier (FAP) offered the FAP
used FAP did not use FAP or used it
for1-8 mo. for <1 mo.

Drop-outs 9 23 14 614 18
DENTAL

GROUP GROUP GROUP GROUP GROUP
E:%MINATION F1 F2 F3 F4 F§
ats yrs. n =34 n = 106 n =49 n =261 n =87
Percentage of children
with dmfs-index ¢ 1 97.1 77.4 65.3 78.9 79.3

p<001
with dmfs-index > 8 0 4.7 12.2 2.7 5.7
| i _T__J
p <003

Mean [SD] dmfs 0.38(1.39) 1.79(5.08) 2.53(4.70) 0.95{2.78) 1.56 [3.57)

Abbreviations:

FAP = Fall-Asleep Pacifier (slow-release device).

dmfs = decayed, missing, filled surfaces in deciduous dentition.

Fig. 1. Participation scheme in the whole study population and cumulative caries experience in the
deciduous dentitions of the children distributed into the follow-up groups F1 — I5 at the age of 5 years.

Assignment to treatment groups at 16 months

The mothers of children (z = 209) in the risk group were
invited to the public health dental office, when the children
became 16 months old. During the first half of the
enrolment period FAP was offered to the mother-child
pairs recruited from the regions of 4 predetermined dental
clinics and FAP was not offered to those recruited from the
regions of 5 other clinics; during the second half of the
enrolment period FAP was offered/not offered to new
recruits from the same regions in the reverse order. Thus,
from each of the 9 study regions approximately half of the
children (altogether 106 children) became assigned to the
FAP group and another half to the non-FAP group
(altogether 103 children). Sixteen mothers assigned to the
FAP group and 21 mothers in the non-FAP group did not
take part. The mothers of participant children (n=172)
were 1interviewed by trained local dentists or dental
hygienists. Nine children were excluded from the FAP
group because of having no sucking habits or because the
mother no longer wanted her child to use a pacifier. For
balance, 8 matched children were excluded from the non-
FAP group, as well.

In the interview the mothers were asked to tell about the
health and medical care of the baby, his/her stomach

complaints, diarrhea and the frequency of loose stools.
Also questions about the frequencies of children’s tooth
brushing, consumption of sugar, use of xylitol products
and fluoride tablets were asked. Special attention was
made to clarify the children’s sucking habits: use of
anatomical or another shape dummy pacifier, nursing
bottle, sucking of breast, fingers. In all mothers a test for
salivary MS was made. Everyone was provided with a
package of 400 sodium fluoride tablets (each corresp.
0.25mg F ) sweetened with 159 mg xylitol and 153 mg
sorbitol (Fludent(ﬁ\", Dumex-Alpharma, Espoo, Finland) to
be administered to the child 1 tablet in the evenings in
FAP /without FAP. Without FAP, Fludent™ tablets were
given crushed in food. All the mothers received dental
health counseling with a leaflet pertinent to 1-2-year-

olds.

Allocation to the test and control cohorts at 18 months

A pre-coded questionnaire with a scheduled inquiry
sheet to assess an index of the frequency of consumption of
refined foodstuffs and sugar for mothers (23) was mailed to
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the participating risk-group mothers. The questions
related to family size, maternal education, maternal self-
recognized caries rate, length of breast feeding, dose and
mode of the child’s fluoride supply during the preceding
month and separately the child’s regular use of fluoride
tablets on at least 5 d during the preceding week, fre-
quencies in children’s consumption of added sugar, sugary
sweets and xylitol/sorbitol sweets, development of stomach
complaints and allergic symptoms, incidence of middle ear
infections (otitis media) and the number of anti-microbial
courses the child had had for otitis media. Further ques-
tions were asked concerning the child’s sucking habits at
bedtime: pacifier (dummy), breast, fingers, water bottle,
milk bottle, juice bottle, the FAP. The mothers of the FAP-
group were further asked to present their experiences: how
the child had accepted FAP, how often it had been in use,
did she feel difficult to clean or fill the FAP, how long the
tablet remained undissolved in it, and had the FAP
remained intact.

Twenty-eight children in the FAP group refused to
accept the FAP and 10 children used it irregularly for less
than 1 month. These 38 children were combined with the
original non-FAP-group children to form a reference
cohort (n=112) for those 43 FAP-group children, who
used the FAP for at least 1 month.

Examination at 2 years

All 2-year-old children in the study area were invited to
a routine dental examination. In the risk group the guard-
ians received, together with the invitation, a pre-coded
questionnaire, in which they were asked about their
children’s pediatric diagnoses, skin rashes, gastrointestinal
symptoms and anti-microbial medications during the pre-
ceding half year, present day-care and exposure to tobacco
smoke at home. Furthermore, some questions asked at the
age of 18 months concerning fluorides, diet and sucking
habits were repeated. Replies were received concerning
202 children, of whom 199 gave during the examination a
plaque sample for MS culture. A follow-up inquiry was
made to all the test-group guardians about FAP use during
the last six months. Toothbrushes and fluoride tablets
(Fluorilette ™, NaF corresp. 0.25mg F~, containing lac-
tose, Leiras, Finland) were offered routinely free of charge
to the whole age group.

Examination at 3% years

Ninety-five percent of the children whose mothers had
been interviewed in 1992-93, lived in the study area still in
1995. When the children were 42 months old they were
again invited to a dental examination. In total 439 (83%)
children arrived. For comparative reasons, teeth were also
examined in 81 same-aged children, whose mothers had
not participated the baseline interview. Altogether 496
children were tested on oral MS.

The focus cohort with complete data finally comprised
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34 test children (group T) and 88 control children (group
C).

A pre-coded questionnaire was used in the interview of
the guardian. The questions asked followed mostly the
same scheme as at the ages of 18 and 24 months relating
mainly to known risk factors of caries and ear infections.
Children’s sucking habits at ages 3, 13, 23 and 31 years were
ascertained retrospectively in the whole study group.

Microbilogical assays

The method used to determine the amount of MS in
dental plaque of 2-year-old children has been described
(24). Plaque samples were obtained by pushing a narrow
autoclaved toothpick (Sanion®™, Koskenkorva, Finland)
into the three spaces between upper incisors. The tip of the
toothpick was cut and dropped into a tube containing
tryptic soy broth with 20% glycerol. The tubes were frozen
within a few hours and stored at —20°C until analyzed for
MS in a microbiological laboratory (Institute of Dentistry,
Turku). The sample was considered positive if MS ex-
ceeded the cut-off value 0.7 x 10”cfu/sample.

Dentocult SM™ Strip Mutans test (Orion Diagnostica,
Espoo, Finland) (DcSM) was used to assess salivary levels
of MS in mothers and 33year-old children. To ensure
adequate sample in the children a modification of
Pienihiakkinen and Jokela (25) was used as follows: After
rotating the plastic strip on the back of the tongue to
sample saliva as instructed by the manufacturer, a pooled
plaque sample was obtained with dental floss from the
approximal spaces between upper and lower left primary
molars and from the distal surface of an upper first incisor.
Plaque was transferred from the floss to a narrow area on
the test surface of the strip. The sample was regarded MS
positive, if on the floss-rubbed area or elsewhere on the
surface one or more colonies could be seen. Colony density
was assessed on the basis of the growth outside the rubbed
area and it was classified from 0 to 3. The 0 class was
further divided in two depending on whether the sample
was MS positive or not. The following reference values per
strip were used: class 0-neg = no growth, class 0-pos = 1-5
cfu, class 1 =6-50 cfu, class 2 =51-400 cfu, class 3 =
more than 400 cfu.

Dental examinations

The examinations were carried out at nine fully-
equipped dental clinics using visu-tactile methods and
the general recording system directed by the National
Board of Health in Finland. Only cavities extending to
dentin were included in caries analyses. The inter-
examiner consistency was considered adequate, because
all the 3 dentists and 5 hygienists who carried out 96% of
the examinations at 33 years, had for several years treated
young children in the same health center. Moreover,
obviously affirming the consistency, there was a moderate
positive correlation between the DcSM class and caries
occurrence (Fig. 2), and although the recordings of caries
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and DcSM values >1 varied markedly regionally, there
was a significant positive inter-examiner rank correlation
between the percentages of dentinal caries cases diagnosed
and the DcSM values >1 observed in the examinations.
The reliability of the recordings was confirmed in a follow-
up study on caries development in those children, who
underwent a further dental examination in the health
center before November 1998 (Fig. 1).

Statistics

The two-sided standard ttest, Mann-Whitney U-test,
chi-squared test or Fisher’s exact test was used in analysis
of significance of differences between groups. The differ-
ence was considered statistically significant, when P < 0.03.
Youden’s index (J) was used as a measure for evaluating
the accuracy of predictions (26). Indirect standardization
using the control group as the standard population was
used in the evaluation of potential confounding effects on
the caries development.

Results

Compliance

Among the children, who participated in the study at
ages 16, 18 and 24 months, 27 children had used FAP for
1-4 months, 4 children used it for 5—6 months and 10
children for at least 7-8 months. Six of these children did
not arrive for the examination at the age of 33 years, and
one did not co-operate. No one of these 7 drop-out
children was MS-positive at the age of two.

Comparison between T and C groups

A significantly smaller proportion (9%) of the children
in T group than in C group (25% ) had MS-positive plaque
samples at the age of 24 months. The children in T group
developed less dental caries than the children in C group.
Difference between T and C group in the prevalence of
caries cases (3% vs 16%) at the age of 33 years and in the
incidence of new caries cases (0 vs 11) and of decayed
surfaces (0 vs 80) between 2 and 33 years were statistically
significant (Table 1).

The proportion of children, who had had otitis media
before the age of 18 months, was significantly smaller in T
than in C group (56% vs 75%, P <0.05).

There were only a few differences between T and C
group in the background variables which were also
associated with the outcome variable and thus had to be
regarded as potential confounding factors when evaluating
the possible treatment effect of FAP. Essential character-
istics of the subjects in T and C groups are described in
Table 2. Night-time breastfeeding at the age of 1 year and
daily consumption of candies or added sugar at the age of
2 years, which were more common in C group than in T
group, could increase the difference in caries prevalence at
the age of 33 years between the groups. On the other hand
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N= 257 107 70 62

100
Percentage
of dentitions
affected by
caries

50

0 1 2 3

Dentocult SM STRIP MUTANS test

[:‘ intact dentition

only enamel affected [l 1esion(s] in dentin

X*= 82.65, df 6, p < 0.001

Fig. 2. Distribution of de{ltal caries cases (enamel caries, n= 54;
dentinal caries, n = 55)in 32-year-old children (N = 496)into the four
categories of the Dentocult SM Strip Mutans test scored as followed:
score 0 =0-5 cfu, score 1 =6-50 cfu, score 2 =51-400 cfu, score
3 =more than 400 cfu/strip.

the greater proportion of rural children in T group than in
C group could decrease the difference. After adjustment
on these three variables (additively combined: presence of
at least one of them/absence of all) the indirectly
standardized number of caries cases in T group showed
value of 2.77, meaning that the lack of 1-2 caries cases
from T group could be explained by this interaction, if
there really was a causal relationship between these factors
and caries.

Risk indicators

Maternal education less than matriculation examination
(J = 0.32), maternal dental caries (J = 0.30), maternal use
of sugar in coffee or tea >twice a day (] = 0.29), maternal
DcSM =3 (J=0.28), and child’s non-use of FAP (J=
0.19) were best able to predict the MS positivity in the
2-year-old infants.

The most powerful single predictor of the occurrence of
dental caries in 3% year-old children was the child’s MS
positivity at the age of two (] = 0.49). Also rural residence
(J =0.35), use of juice bottle at nights (J = 0.28), frequent
(daily) intake of sugar in candies or added in foods or
drinks (J=0.21), exposure to tobacco smoke at home
(J = 0.19), and night-time breastfeeding (J = 0.09) at age 2
were significantly associated with the caries occurrence at
age 33 in these risk-group children (n = 169), of whom the
plaque sample, DcSM, and caries record could be studied.
Thirty-three of these children showed MS positivity at the
age of two, 142 at the age of 33, and 19 had caries at the
age of 31 years.

Dental caries occurred at the age of 31 years in equal
frequency (11%) both in the risk-group (n=177) and the
low-risk-group children (7= 242). However, the propor-
tion of the 31-year-old children, who showed MS-positive
DcSM tests, was significantly greater in the risk group than
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Table 3. Variables studied at 1 year of age in relation to the occurrences of oral infection by mutans streptococci (MS) and dental caries in the

whole child cohort at the age of 3.5 years. OR = odds ratio.

MS positive

Dental caries

Observed rates at the age of 3.5 years

Yes (n=313)No (n=111)

Yes (n=47) No (n=383)

Predictors at 1 year of age % % OR % % OR
Rural residence 25 10 3.4 45 18 3.7
Maternal consumption of sucrose-sweetened

Drinks daily and/or candies > 2 / week 19 9 2.4%* 30 15 2 4x*
Breast feeding during night 10 6 1.6 21 7 3.4%%
Juice bottle in use at bedtime often 4 1 4.0 9 2 3.0%
Only milk or milk-gruel bottle at nights 20 17 1.2 21 19 1.1
Only water bottle at nights 9 8 1.1 2 9 0.2
Breast or bottle feeding (other than water) at nights 47 34 1.9%* 66 40 2.9k
Pacifier (dummy) not in use 26 17 1.7 36 21 2.1%
No or not regular use of fluoride tablets 28 31 0.8 40 28 1.8
Selected to the risk group 48 27 2.5%#% 43 42 1.0
Belonging to the test group T (from age 16 months on) 10 3 4.0 2 9 0.2
weE P<0.001; ** P<0.01; * P<0.05 chi-squared test.

in the low-risk group (83% vs 67%, P<0.001). The Discussion

occurrences of caries and MS-positive DcSM tests in the
supplementary comparison group were 10% and 74%,
respectively (Fig. 3). Table 3 gives crude rates (observed
true-positive and false-positive percentages and odds ratio)
for the risk markers, screened in the children of the basic
population at 1 year of age and related to the children’s
oral MS infection and caries occurrence at the age of 33
years.

Among the 3%year-old children, who were excluded
from the intervention study on the basis of the selection
criteria (the low-risk group) or who belonged to the
supplementary comparison group, dental caries occurred
in equal frequency (9% ) both in the children (z = 81) who
had used Fludent™ and those (n=136) who had used
Fluorilette ™ fluoride tablets during the preceding month.
Dental caries was significantly more frequent in the chil-
dren who had not used fluoride tablets at all (=113,
14%, P<0.05).

Follow-up examination at 5 years

The distribution of dentinal caries into the followed
groups F1-F5 is presented in Fig. 1. A significantly greater
proportion of the children in F2 group than in F1 group
had dmfs >1. A significantly greater proportion of children
in the risk group (F1 + F2 + F3) than in the low-risk group
(F4) had dmfs >8.

The group F1 comprised four children who did not
belong to the T group, although they had used FAP >1
month. They had been dropped out from the T group for
incomplete data. All these four children were free of caries
at the age of 5 years. Correspondingly, group F2 com-
prised 27 children who did not belong to the C group. Ten
(all caries-free) of them had been excluded at the age of 16
months because of negligible sucking habits, and 17 (3
caries cases) had been dropped later from the study cohort,
because some essential data were missing (Fig. 1).

The beneficial effect observed in the test group compared to
the control group was apparently mostly due to the
administration mode via FAP, because Fludent-tablets were
eaten in the control group as regularly, but without the
administration device. An indirect way of influence,
although not obvious in this study, could have been that
because FAP reduced the use of baby bottle, the caries risk
derived from the bottle use had diminished in the test group.

The criteria used for the selection of the risk group
suitable for the FAP study were based on the risk factor
analyses of previous studies in the same area (27, 28). The
children’s caries experience in the risk group in total had
developed significantly worse than in the low-risk group by
the age of 5 years indicating that the screening method had
been valid. This was also confirmed by the risk-factor
analysis in the whole study population. Night-time use of
juice bottle and maternal consumption of sucrose-sweetened

N= 177 242 77
100
%
DcSM test L
categories:
[ 0-neg
0-pos 50 —
1-3
MO0 & caries
Bl 1-3 &caries [
1]
RISK LOW RISK
p<0.001

Fig. 3. Distribution of children (n=496) according to their caries
experience (dmfs >1)and reslults in the Dentocult™ SM Strip Mutans
(DcSM) test at the age of 33 years into the risk group, the low-risk
group and the supplementary control group (S).
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drinks daily or candies several times weekly predicted
frequent occurrence of caries in deciduous dentitions
consistently with recent studies in Finland (27,29). The
positive predictive associations of maternal frequent sugar
consumption, maternal high salivary MS level and maternal
caries activity with the detection of MS in the plaque
samples of the 2-year-old children agree with the infection
theory (30, 31). However, the FAP strategy seemed to be
protective also under such caries-promoting conditions. The
importance of MS as a major determinant of caries became
evident in that the 2-year-old children whose plaque
samples were MS positive appeared to be in 7-fold risk to
have dentinal caries at the age of 33 years compared with
the children whose plaque samples were MS negative.

The children, who did not accept FAP although
assigned to use it, were included in the control group.
This breaks the random assignment rules, but because the
survey of background data revealed no essential differ-
ences and also the outcome data of these children did not
differ significantly when compared with the data of the
original non-FAP children in the control group, the
arrangement was considered justified. However, there
might be a slight bias in assignment of study subjects to the
FAP/non-FAP groups. Since the mothers were for ethical
reasons informed beforehand about the purpose and the
methods of the study, this perhaps affected that there were
more users of pacifiers in the test group than in the control
group. All long breast-fed children and finger suckers,
generally known to use pacifiers rarely (32), fell into the
control group. Prolonged breastfeeding seemed to increase
the risk of MS infection and dental caries in the present
study. Prolonged breastfeeding may be a risk factor of
dental caries in young children, but only if their dietary
habits are also unsuitable (33). Breastfeeding was in some
cases associated with increased intake of sugary tidbits in
the infants. However, from this material it can not be
deduced that the risk of caries would have been elevated in
such dietary risk cases if the FAP had been in use.

The prophylactic preparation in our study contained
sodium fluoride, xylitol and sorbitol. The role of each of
these components as active agents can to a certain extent be
estimated on the basis of the results. At the beginning of the
study the children in the risk group received significantly
less fluoride tablets than the children in the low-risk group.
In spite of this no more caries cases occurred in the risk
group than in the low-risk group at the age of 3% years,
which effect apparently is due to the enhanced prophylaxis,
including increased fluoride therapy, during the study in
the risk group. In the low-risk group and the supplementary
reference group, which did not participate in the interven-
tion study, use of fluoride tablets was associated with fewer
caries cases in children at 33 years of age. However, there
was no difference in the caries rate between the users of the
fluoride preparation Fludent™, which contained xylitol and
sorbitol, and Fluorilette™, which contained lactose. With
caution the result might mean that xylitol and sorbitol in
the 50% dose ratio did not contribute any marked caries-
preventive advantage compared to lactose in fluoride
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tablets in the conventional use, perhaps due to rapid oral
clearance of the small amounts by freshly secreted saliva,
together with the swallowing act. The fact, that in the risk
group, in spite of equal caries frequency, a significantly
greater proportion of the 33year-old children were MS-
positive than in the low-risk group, agrees with the theory
that I ion prevents carious lesions but does not affect MS
colonization at the level of 1 ppm I (34, 35). In order to
explain the low MS positivity at 2 years of age in the test
group with the action of fluoride, one should presuppose
that high concentrations up to 100 ppm F, which reduce
plaque formation immediately, or long-term levels of about
10 ppm I, which reduce acid production of MS (11, 12),
could be achieved in the oral fluid around teeth by the use
of FAP. The long-term effect seems possible on the basis of
biological rhythm of salivary flow (no oral clearance or
dilution by salivary physiology during sleep) and in vitro
studies performed with the FAP (8).

Nevertheless, also the roles of xylitol and sorbitol are
interesting. About every fourth child in the risk group had
started weekly use of xylitol products before the age of 16
months. In our study this kind of infrequent, though
habitual use of xylitol/sorbitol candies showed no super-
lority to sugar candies when related to the children’s oral
MS infection or caries development by the age of 31 years.
However, frequent (at least once a day) use of xylitol/
sorbitol sweets tended to coincide with MS-free dentitions
in 2-year-old children and could contribute a small but
appreciable preventive effect on the infection. Long-term
use of xylitol selects for xylitol-resistant MS mutants which
possess low cariogenic virulence (36). By using an admini-
stration device which slowly releases an active agent it is
possible to create around the erupting teeth in the mouth
of a sleeping child for hours an oral fluid environment,
which according to our study evidently has caries pre-
ventive properties. When used this way, the advantageous
properties of xylitol are expected to be maximized with
rather small doses without laxative side effects. In our
study the use of xylitol/sorbitol products was not found to
increase stomach complaints in children.

An interesting side finding in our study was that the
xylitol-containing fluoride preparation could have some
preventive effect against otitis media in the children under
the age of 18 months, when delivered via FAP. The daily
dose of the xylitol in the novel slow-release FAP method
was only a small fraction of the dose required for the
prevention of otitis in the study of Uhari et al. (21).

From the point of compliance, the age of 16 months at
which FAP was offered to the children was obviously too
late, because the instinctive sucking need weakens with
age. In addition, the children seemed to be very delicate to
cast aside the new pacifier, if its model or size differed from
the dummy they had used before. Some children chewed
on the silicone teat which occasionally broke and had to be
changed. In spite of these constraints FAP proved to be an
effective vehicle in reducing caries incidence between 2
and 5 years of age in the children, who used it in the
administration of a sodium fluoride-xylitol-sorbitol pre-
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paration for some months before the age of two. The
clinical significance of the administration of various
prophylactic agents using the FAP technique in order to
reduce childhood infections, including mutans streptococ-
cal oral infection in dental caries, remains to be evaluated
in future studies.
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