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Abstract — About 85% (n=269) of the subjects who participated in the Ylivieska
follow-up studies on the effect of xylitol chewing gum on dental caries during
1982-84 or 1982-85 were re-examined in 1987 for the analysis of possible long-term
preventive effects. Further caries reduction was found 2 or 3 yr after the discontinua-
tion of the use of xylitol. The effect was especially marked in girls; the reduction in
caries increment in the post-use years was 60% for the 2-yr users, suggesting that
more pronounced caries reduction was associated with the most regular use of xylitol.
In teeth erupting during the first year of the use of xylitol gum the long-term
preventive effect was greater than in other teeth. Several explanations are suggested:
lasting effect of the microbiological changes in the mouth, bacterial colonization
on newly erupted teeth by organisms other than S. mutans, and/or thorough matura-
tion of the teeth under favorable physico-chemical circumstances. The results sug-

gest that the value of xylitol in caries prevention depends on the timing of the
treatment in relation to the development of the dentition.
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The studies available on the long-term
effect of caries preventive agents or pro-
cedures are few, and have given equivocal
results (1-7). However, for the assess-
ment of the value of a preventive pro-
gram it is important to know whether the
effect on dental caries is temporary or
lasting and information on the possible
long-term effects is also needed for cost-
effectiveness analyses (8).

Two longitudinal field studies, one
lasting 2 yr and the other 3 yr, were car-
ried out in Ylivieska, Finland, in
1982-85, with subjects initially aged
11-12 yr. The results showed that regular
use of a chewing gum containing xylitol
further increased the efficacy of the exist-
ing preventive measures, which were
mainly based on fluorides and which are
regularly applied in Finnish Health Cen-
ters (9, 10). The results were in line with
other studies on xylitol (11-15; for a re-
view, see 16) and indicate the existence
of a cariostatic mechanism induced by
peroral xylitol (11, 17). In no previous
studies, however, has the possible long-
term clinical effect of xylitol been ana-
lyzed.

The aim of the present study was to
analyze the increment of dental caries
during three post-experimental years
(1984-87) in subjects who used xylitol

chewing gum for 2 yr, and during two
post-use years (1985-87) in high-risk sub-
jects who used xylitol for 3 yr.

Subjects and methods

The original Ylivieska xylitol study was
a field trial, in which the experimental
group and control group consisted of
parallel classes at school. The detailed
arrangement of the study has been pub-
lished earlier (9, 10). The original 2-yr
study consisted of 172 children initially
aged 11-12 yr (mean age 11.5 yr) who
used xylitol chewing gum two to three
times per day, and 152 children of the
same age (mean 11.5 yr) who formed the
control (no-gum) group. All the children
received the same basic fluoride preven-
tion. On the basis of the total caries ex-
perience recorded at the beginning of the
study in 1982, 30 of the original 172 chil-

.dren were classified as high-risk subjects

for dental caries, and they continued the
daily use of xylitol chewing gum for one
more year. Using similar criteria, 36 chil-
dren in the control group were chosen as
controls for the 3-yr study. The criteria
for allocating subjects to high-risk
groups and the evaluation of the method
used have been published elsewhere (9).

A total of 147 children (85%) of the

original xylitol group and 122 children
(80%) of the original control group were
clinically re-examined in 1987, i.e. 3 yr
after the discontinuation of the daily use
of xylitol gum in the main experimental
group (2 yr after discontinuation in the
high-risk groups). A blind study design
was applied, and the re-examinations
were carried out by two dentists who had
participated in the original studies (9). Of
the re-examined children 120 had used
xylitol chewing gum for 2 yr (1982-84)
and 27 belonged to the high-risk subjects
who had used xylitol for 3 yr (1982-85),
while in the re-examined control group,
31 children had originally (1982) been
classified as high-risk subjects (Fig. 1).
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Fig. 1. Overall schedule of the study. Solid line
refers to the use of xylitol chewing gum in the
original 2- and 3-yr trials.
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The criteria for dental decay were the
same as those used during the original
studies (9). However, enamel caries (D))
was not registered for the present anal-
ysis. Detailed information on the criteria,
which are in accordance with WHO
guidelines (18), has been given by Iso-
KANGAS (9). For comparison in the pres-
ent study, the results of the original 2-
and 3-yr trials were recalculated for the
participants in the re-examination ac-
cording to the design presented in Fig. 1.
The use of xylitol gum and other sweets
during the intervening years 1984-87
(1985-87 for the high-risk subjects) in
both the xylitol and control groups was
checked by a questionnaire.

Results

Subjects who used xylitol chewing gum for

2 yr (1982-84)

In boys, the reduction in dental caries,
measured as AD,MFS, was 33% in the
xylitol (X) group during the original 2-
yr study in 1982-84, and 31% during the
years 1984-87 as compared to the control
(C) group. In the X-group girls, the
corresponding figures were 46% and
60% (Fig. 2). The caries increment values
for 1984-87 were 2.1 in the X-group boys
(95% confidence limits 1.2, 3.0), 3.2 in
the C-group boys (1.8, 4.6), 1.0 in the X-
group girls (0.6, 1.4), and 2.5 in the C-
group girls (1.3, 3.7), respectively. In view
of the differences in total caries experi-
ence at the baseline examination, the car-
ies increment was also analyzed after
stratification by baseline DMF. In those
for whom baseline DMF =0, xylitol us-
ers did not differ from control group chil-
dren with respect to 2-yr or 5-yr caries
increment. In the two other strata, how-
ever, both for boys and girls, the reduc-
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Fig. 2. Dentinal caries increment during
1982-84 and 1984-87 in all teeth in subjects
who used xylitol gum for 2 yr in 1982-84 (X),
and in the control subjects (C), boys and girls
separately.

1984 1987 YEAR

Table 1. Caries increment (A D,MFS) during experimental and post-experimental years in xylitol
(X) and control (C) groups expressed by baseline DMF and by sex, and caries reduction in the
X-subgroups as compared to the corresponding C-subgroups

Baseline ADMFS;, g AD,MFSg, ¢
DMF Subgroup n  Mean SD  Reduction% Mean SD  Reduction%
0 X-boys 16 0.7 2.0 13 2.4 3.9 —-20
C-boys 10 0.8 1.6 2.0 2.2
X-girls 23 0.4 0.6 20 1.0 1.5 0
C-girls 8 0.5 0.8 1.0 1.1
1-2 X-boys 17 L1 16 27 21 29 51
C-boys 15 1.5 2.0 4.3 4.7
X-girls 26 0.7 1.4 42 0.6 1.0 63
C-girls 17 1.2 1.3 1.6 1.8
3~ X-boys 13 1.5 23 21 1.9 2.2 37
C-boys 200 19 20 30 5.3
X-girls 25 1.0 2.8 44 1.4 2.6 64
C-girls 20 1.8 2.1 3.9 5.5
26 erupted teeth were 0.4 for X-boys (95%
confidence limits 0.1, 0.7), 1.0 for C-boys
5 oo (0.4, 1.6), 0.2 for X-girls (0.1, 0.3), and
1.0 for C-girls (0.4, 1.6).
o 10
= X-B0YS (34)
05 = X-GIRLS (48) High-risk subjects who used xylitol chewing
gum for 3 yr (1982-85)
0o f The mean caries increment for the high-
e 17 e risk children during the experimental
Fig. 3. Dentinal caries increment during period 1982-85 was 2.9 in the xylitol

1982-84 and 1984-87 in those tecth that erupt-
ed during the first year of the use of xylitol
gum in the xylitol group (X), and in the control
group (C), boys and girls separately.

tion was greater during the post-experi-
ment years 1984-87 than during the actu-
al field trial in 1982-84 (Table 1).

In those teeth that erupted during the
first year of using xylitol, the long-term
effect was greater than in teeth overall:
the reduction was 50% for boys during
the original study, and 60% during the
post-use years of 1984-87. In girls the
corresponding figures were 67% and
79% (Fig. 3). The increment values for

group and 6.6 in the control group, re-
presenting a reduction of 55% in the X-
group as compared to the C-group. Dur-
ing the follow-up period the mean in-
crement was 1.4 in the X-group and 2.4
in the C-group, representing a corre-
sponding reduction of 39% (Table 2). In
those teeth which erupted during the first
year of using xylitol, the reduction was
76% in the original study, and 14% in
the follow-up years 1985-87 (Table 2).

Use of xylitol chewing gum

Distribution of xylitol chewing gum to
the children ended in 1984 (1985 to high-

Table 2. Mean caries increment with 95% confidence limits in the high-risk subjects in the xylitol
and the control group during the experimental years 1982-85 and follow-up years 1985-87,
separately for all teeth and for teeth erupting during the first experimental year

AD,MFSy, ¢ AD,MFSgs ¢
95% 95%
n X confidence limits X confidence limits
All teeth
Xylitol 26 29 1.8, 4.0 1.4 0.3, 2.5
Control 31 6.6 4.9, 8.3 2.4 0.4, 4.4
Erupted teeth
Xylitol 12 0.4 —-0.2, 1.0 0.6 0.0, 1.2
Control 16 1.7 0.9, 2.5 0.8 —0.3, 1.9
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risk subjects). The questionnaire survey
revealed that 10 children in the xylitol
group had daily used commercially avail-
able xylitol gums during post-experimen-
tal years. One of these children belonged
to the high-risk group. In the control
group, 10 children had also used xylitol
chewing gum regularly after the termina-
tion of the original 2- or 3-yr studies.
Three of these children were classified as
high-risk subjects.

Discussion

The participation of the children in the
re-examination can be regarded as satis-
factory. The essential reason for losing
17% of the subjects was their moving
from the community. Because of the loss,
the results from the 2- and 3-yr studies
were recalculated for the re-examined
subjects; but since the caries increment
values were practically identical with the
original ones (9), we consider that the
dropouts did not affect the comparisons.

Inter- and intra-examiner analyses for
caries registration were carried out in the
original studies (9). Due to practical
reasons such as difficulties in contacting
the subjects, it was not possible to ar-
range a new reproducibility analysis for
the observations in the present study.
However, the two examiners involved
were experienced clinicians who had
showed good repeatability during the
original study (9). In view of this and of
the blind study design, there is no reason
to suspect biased observations.

The 2- and 3-yr Ylivieska xylitol stud-
ies showed that only regular use of xylitol
chewing gum, i.e. two to three times per
day, was associated with a significant re-
duction in caries increment. Since only a
few children had used xylitol regularly on
this scale after the experimental period,
voluntary use seems to have no or only
very limited effect on the long-term re-
sults in the main part of the material.
However, in high-risk subjects the post-
experimental use of xylitol may have con-
founded the analyses. This is due to the
small number of high-risk children in the
re-examination, especially with teeth
erupting during the use of xylitol.

Earlier long-term studies on caries pre-
vention have not separately analyzed
those teeth that erupted during the treat-
ment period. It is possible that the equiv-
ocal results obtained in those studies are
partly associated with that fact. Our find-

ings indicate that the additional degree
of prevention, which was found in all
teeth during the post-use years, was even
better in teeth erupting during the active
period of treatment with xylitol. This ob-
servation suggests that the timing of pre-
ventive measures (as well as the timing
of studies on caries prevention) in rela-
tion to the development of the dentition
may materially affect the results.

Several possible explanations can be
suggested for the fact that an additional
degree of prevention was found without
any prolonged treatment. In the first
place, even discounting biological expla-
nations for the observation, the xylitol
group may have showed less caries for
“technical reasons”. By this we mean that
there may have been fewer active subclin-
ical caries lesions which could have
grown rapidly to clinically detectable
dentinal caries in the xylitol group than
in the control group. Especially in the
high-risk groups, where the post-experi-
mental follow-up period was only 2 yr,
this possible technical effect should be
taken into account.

In our view, the more probable expla-
nation for the increased difference be-
tween the xylitol and control groups dur-
ing the post-use years is the occurrence
of microbiological changes in the mouth
and/or the maturation of the erupting
teeth under favorable physico-chemical
conditions. The microbiological follow-
up of the Ylivieska subjects demon-
strated that the reduction in caries inci-
dence during the use of xylitol chewing
gum was related to a selective inhibition
of Streptococcus mutans (17). It is, there-
fore, possible that those teeth that erupt-
ed during xylitol treatment were perma-
nently colonized by bacteria other than
S. mutans, thus showing high resistance
against caries even without prolonged
use of xylitol. On the other hand, it has
been suggested that a tooth is most sus-

ceptible to caries attack immediately af-
ter eruption (19). Because of this, and as
a result of successful maturation, the
teeth that erupted during the active use
of xylitol may be better protected against
caries than the teeth in control group
children. A study by ALANEN et al. (5)
demonstrated that teeth that erupted
during the Second World War, when the
use of sugar was strongly reduced, had
after an elapse of 40 yr experienced less
caries than teeth erupting before or after
the war. Our present results do not make
it possible to evaluate the relative weight
of these two explanations.

There was also no significant differ-
ence in caries increment between those
subjects in the xylitol and the control
groups who did not have decayed, miss-
ing, or filled teeth at the baseline exami-
nation. We believe that this finding is
associated with the moderately low caries
incidence in these control group subjects.
It seems that in these subjects the basic
prevention with fluorides, and their
health behavior in other respects, too, is
already so effective that additional pre-
vention is hard to achieve. Both the use-
fulness and the cost-effectiveness of xyli-
tol, therefore, are likely to be best among
subjects who are more caries-active.

The greater reduction in girls than in
boys during the post-use years is similar
to the result in the original study (9). The
sex difference in that study was almost
totally explained by more regular use of
xylitol chewing gum by the girls than by
the boys. The long-term advantage found
for the girls is in accordance both with
the hypothesis of favorable bacterial col-
onization and also with that of proper
maturation of the teeth.

The difference in total caries experi-
ence between the xylitol and control
groups had further increased during the
2- or 3-yr follow-ups after the use of the
preventive measure. In most cases the
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