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Prior to a discussion of the formula, however, some specific
statistical aspects will be considered.

TABLE 1
EFFECf OF INCREASING SAMPLE SIZES BY ADDING

CHILDREN WITH ZERO CARIES INCREMENTS

Hypothesis (a): adding a group of children with zero increments.
Hypothesis (b): using the new mean and standard deviationwith the original
sample size figures.

Hypothetical results (a)
Fat 1000 ppm F 2456 1.11 2.80
F at 1500 ppm F 2374 0.84 2.32
t = 3.64, 4828 degrees of freedom

3.64
3.06

S.D.

2.22
1.68

MeanN

1228
1187

Consequences of low average increments
on the power of experiments.

In trials carried out in the 1960's and early 1970's, average
DF increments were in the range of two to five new carious
surfaces. In the last ten years, average increments in several
highly industrialized countries have been much lower, and many
children do not develop lesions over the course of a few years.
In English clinical trials, e.g., conducted with 11- or 12-year
olds at baseline, the percentage of subjects with zero DF in
crement increased from 3% in 1968 to 24% in 1977 (Downer
and Mitropoulos, 1984). Problems related to this new situation
were discussed extensively at the 1983 Chicago Conference
on Clinical Trials (Chilton and Schrotenboer, 1984), and the
low prevalence has prompted research into methods of pre
selecting individuals who will develop new caries lesions with
higher-than-average probability (Downer and Mitropoulos, 1984;
Bowen, 1984).

However, what are the consequences of decreasing caries
activity on statistical aspects of caries trials? This may be il
lustrated by adding to an actual number of children an equal
number with zero increment, which is a situation that may well
develop in the near future. As shown in Table 1, the average
increments are halved, as is logical, and the percentage reduc
tion remains unaffected by the addition of children with zero
increment. On the other hand, the statistical significance is
diminished (t = 3.64 as compared with 3.94 from the original
data) in spite of doubled sample sizes. Furthermore, when a
third t test is undertaken with the new mean and standard

Original data from Conti et al. (1988)
Fat 1000 ppm
Fat 1500 ppm
t = 3.94, 2413 degrees of freedom

To the 1228 children of the group "F at 1000 ppm", another 1228 chil
dren, all with zero increments, are added; likewise, to the 1187 children
with the 1500 ppm F dentifrice, another 1187 children, all with zero
increments, are added.

Introduction.
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There is ample evidence documenting that simultaneous use ofseveral
fluoride application techniques results in an enhanced cariostatic ef
fect. A formula is presented which estimates the combined cariostatic
efficacy of such multiple usage. For simultaneously applied topical
fluorides, the formula seems to overestimate the combined efficacy.
Both higher frequency of use and higher concentration result in in
creased topical fluoride efficacy. Within narrower limits, higher con
centrations of fluoride in water or salt also enhance efficacy. The
rapid and substantial decline of caries prevalence in some highly
industrialized countries may, in part, be attributed to multiple fluoride
usage, but other factors must also have exerted a beneficial effect.

Several researchers have analyzed results of clinical studies
investigating increased efficacy when two or more cariostatic
regimens are applied (Marthaler, 1971; Horowitz, 1980; Mell
berg and Ripa, 1983). These authors concluded that the com
bined use of various fluorides is more effective against caries
than application of just one formulation. Consequently, a per
tinent question is how strong is the effect of one preventive
method when other techniques, especially involving the use of
fluorides, are already employed or introduced simultaneously?

A formula for the combination
of percentage reductions.

For four decades, percentage reductions of dental caries in
crements have been used to express the efficacy of cariostatic
methods or programs. The principle of calculating percentage
reductions is easily extended to two treatments, and this will
be exemplified by combining the cariostatic effects of fluoride
dentifrices, usually assumed to reduce caries increments by
30%, and weekly fluoride rinses conferring a 20% reduction.

As an example, it is assumed that a group of 200 children
in the Eastern United States would have developed, in line
with USA caries activity levels in the 1960's, 1000 new DFS
in a three-year period. After a 30% reduction of DFS incre
ments by the use of fluoride dentifrices, these children would
have developed 700 lesions instead of 1000. Assuming that
they had, in addition, profited from weekly fluoride rinsings
at school (which warrant a 20% reduction), the increment of
700 would have been further reduced to 560 new DFS. Nat
urally, the result is the same if, first, the fluoride rinsing is
considered (reduction from 1000 to 800) and, second, the ef
fect of the fluoride dentifrice is taken into account (reduction
from 800 to 560). The procedure can be extended to three or
more preventive methods (A, B, C, providing reductions RA ,

RB , Re, etc.), when the general formula for the combined or
total reduction is:

Rto t• 1 = 100 - 100 (1- RA/lOO) (1- Rnl100) (1- Rd100) . . . . .

Presented at a Joint IADR/ORCA International Symposium on Fluo
rides: Mechanisms of Action and Recommendations for Use, held
March 21-24, 1989, Callaway Gardens Conference Center, Pine
Mountain, Georgia

Hypothetical results (b)
Fat 1000 ppm F 1228 1.11 2.80
F at 1500 ppm F 1187 0.84 2.32
t = 2.57,2413 degrees of freedom
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TABLE 2
NET CARIES INCREMENTS AS OBSERVED AND PREDICTED

deviation and the original sample sizes used, the significance
is lowered again (t = 2.57).

Longitudinal studies in populations
already exposed to fluorides.

Many clinical caries studies have been carried out in children
from regions where drinking waters contain fluoride at, or
close to, the optimal level. However, statistically significant
differences were obtained in only some of the large number of
trials (Mellberg and Ripa, 1983), and lack of significance in
the other experiments may be due to insufficient sample sizes,
as explained in the previous section. Hence, there would be
no justification to accept the null hypothesis of no additional
effect. In their discussion of trials in fluoridated regions, these
authors tacitly assumed that the percentage reductions could,
or should, be equal to the reductions obtained from studies in
non-fluorideregions, thus agreeingwith the formula given above.

Evidence from longitudinal clinical trials
testing combined cariostatic effects.

Factorial experiments are best suited for study of the mag
nitude of a combined fluoride effect. In Table 2, results of an
experiment are presented in which the effects of home use of
a fluoride toothpaste and the semi-annual professional appli
cation of a fluoride gel were studied in a factorial arrangement.
By application of the above formula to results obtained in the
groups with either fluoride toothpaste or professional topical
application, 5.90 DFS would have been expected in children
who received both fluoride treatments. The observed increment
in this group was 6.42, which is approximately halfway be
tween 5.90 and the two averages, 6.85 and 7.10, pertaining
to the single-effect averages.

In the left-hand column of Table 3, the classic statistical
analysis of the data compiled in Table 2 is presented, and the
interaction is not significant. This linear analysis means that
the cariostatic effect of the topical application (1.055 fewer
DFS) is not significantly influenced by the simultaneous use
of a fluoride dentifrice. It is equally justified to state that the
cariostatic effect of the dentifrice (0.806 less DFS) was inde
pendent of whether the children had received fluoride gel or
not.

Results from another factorial experiment (Blinkhorn et al., Trial B

6.25
4.60
4.72
4.76
0.788
0.133
5.92+ +
0.682
0.133
5.13+ +
2.52'

Trial A

8.27
6.85
7.10
6.42
0.806
0.335
2.41'
1.055
0.335
3.15+
1.648 n.s,

Control (no fluoride at all)
Fluoride dentifrice
Other fluoride
Both fluorides
Main effect of F dentifrices
S. E.
t (significance)
Main effect of other F
S. E.
t (significance)
Significance of interaction, t

1983) are shown in the right-hand column of Table 3. Based
on the averages, it seems that the 30-second fluoride rinse
performed after the one-minute brushing with a fluoride den
tifrice did not result in an additional benefit (or vice versa). It
is equally justified to state that the one-minute brushing prior
to the 30-second rinse did not result in an additional benefit.
The interaction is significant in this example, indicating that
the additional effect is lower than expected in the additive
model, or that it may even be non-existent. Considering the
high fluoride concentrations in whole saliva after fluoride rin
ses, as documented by Zero et al. (1988), higher caries re
ductions might have been expected in the children who rinsed
with the 0.05% F solution. In spite of the placebo rinse which,
in the trial by Blinkhorn et al, (1983), diluted the fluoride
from the dentifrice, children with this treatment had increments
approximately as low as those who rinsed with fluoride.

For certain combinations, e.g., daily use of fluoride denti
frices in water fluoridated areas, the formula may be fully
valid, while in other combinations, the total effect seems to
be only slightly higher than the stronger of the single effects.
Thus, it may be speculated that simultaneous use of two similar
types of application (e.g., in the trial by Blinkhorn et al., 1983)
may be less effective than that of different types, e.g. , fluoride
varnish applied twice per year in a water fluoridation area
(Seppa et al., 1981). It would, however, involve enormous
effort and expense to set up clinical trials testing all combi
nations of possible practical value.

An additional effect, however, may not be detectable in
studies of limited duration, most of which last two to three
years. Nonetheless, there is also a long-term study, the results
of which are at variance with an additional effect (Driscoll et
al., 1981). Here, in a six-year trial, acidulated phosphate-fluo
ride chewable tablets (1 mg F) were given to children on 145
days of each school year over a six-year period. Children in
the second test group were given an additional l-mg-fluoride
tablet, at least three hours later on the same day. At the end
of the study, children who received two tablets per day had
virtually the same DMF increments as those who had received

TABLE 3
STATISTICAL ANALYSIS OF NEW DFS FROM TWO CLINICAL

CARIES TRIALS WITH A FACTORIAL ARRANGEMENT OF TWO
USES OF FLUORIDE

8.27
6.85
7.10
6.42

Observed DFS
Increment

Reduction of DFS
Fluoride Regimen Increment

None
Dentifrice (0.1% F) 17% := RA
Gel (1.25% F twice a year) 14% := Ra
Dentifrice and Gel 22%

By application of the 28.62% reduction to the control increment of 8.27,
the following extrapolated DFS increment would result:

R,olOl := 100 - 100 (1 - R,J100)(1 - Ral100)
RA = 17% Ra = 14%
R,o,.' = ·100 - 100(1 - 0.17)(1 - 0.14) = 100 - 71.38 = 28.62%

Computations for the combined effect

Combined
Reduction

Dentifrice and Gel 28.62% = Rlo,"1

(Data from Mainwaring and Naylor, 1978)

Extrapolated
DFS Increment

5.90

n.s., not significant.
, p<0.05.
+ p<O.01.
+ + p<O.OO1.

Trial A: The "other" fluorides were semi-annual four-minute appli
cations of 1.23% acidulated phosphate fluoride gel (or control gel), besides
unsupervised use of a dentifrice (without or with 0.8% monofluorophos
phate). Data from Table 2.

Trial B: The "other" fluoride was a supervised 3D-secondrinse (0.05%
NaF) immediately after the supervised toothbrushing with the dentifrice
(without or with 0.76% monofluorophosphate). Data from Blinkhorn et
al., 1983.
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only one. In the control group (one placebo tablet daily), the
increment was significantly higher.

There is a biological reason why the formula may overes
timate the combined effect. Lesions on free smooth and ap
proximal surfaces are easily prevented. When, for example,
two methods are already being applied, pit and fissure caries
will be predominant. However, it is difficult to prevent caries
in these particular sites, and the added benefit may be smaller
than expected from one-factor studies in caries-active popu
lations.

The role of frequency of topical contact.
During the past ten years, the opinion was prevalent that

frequent (topical) fluoride at low concentrations was preferable
to less frequent fluoride at higher concentrations. Some recent
clinical studies, two of which compared the rinsing regimens
listed below, do not support this hypothesis. The test proce
dures were:

(a) rinsing five times a week with 0.05% NaF,
(b) rinsing weekly with 0.2% NaF,
(c) rinsing weekly with a placebo solution, employed in low

and optimal-water-fluoride areas.
The study in the fluoride-deficient region resulted in a sta

tistically significant difference between the control and two
fluoride rinsing groups. However, the difference between the
two fluoride groups was not significant (Heifetz et ai., 1982),
and with the fluoridated subjects, similar results were obtained
(Driscoll et al., 1982).

Fluoride varnish is a relatively new vehicle for infrequent
application of high-F concentrations, but its efficacy, even in
optimally fluoridated areas (Seppa et ai., 1981), is well-estab
lished (Clark et ai., 1985; Marthaler, 1988).

One observation worthy of note is that even high-fluoride
concentration topical gel applications, daily at school (Eng
lander et al., 1969), did not completely prevent caries in chil
dren, albeit only over a 14-month period.

Dose/response relationship with equal application
frequencies of various fluoride preparations.

The question of a dose/response relationship for topical fluo
rides has been studied with dentifrices in several large-scale
clinical trials. For the range from 250 to 1500 ppm F, an
increased cariostatic efficacy is fairly well-documented (New
brun, 1987; Ripa, 1989). Ripa (1989) cites seven studies using
dentifrices with both 1000 and 1500 ppm F. Superiority of the
1500 ppm F dentifrices ranged from 8.1 to 21.8%. The results
of trials with dentifrices with 2000-2800 ppm F were less
conclusive.

The main reason for establishment of the 1000 ppm F (US)
or 1500 ppm F (Western Europe) upper limits is to prevent
fluorosed teeth. In view of this specific aim, the limitation to
250 ppm F in dentifrices made for small children, as is the
case in Switzerland and other European countries, is justified.
Unfortunately, there is little evidence that these low-fluoride
dentifrices provide more than a minimal cariostatic effect.

Where applications cannot be frequent, high concentrations
of fluoride would seem to be necessary. There are, however,
no detailed studies of a dose/response relationship with one or
the other topical application method.

Regarding systemic fluoride, the situation has been amply
established on the basis of epidemiological studies in regions
with low, intermediate, and high water-fluoride levels. In the
concentration range from low (0.1 to 0.2 ppm F) to optimal
fluoride (approx. 1 ppm F in temperate climates), the asymp-

totic shape of the curve fits approximately the model of the
formula for R(IOIOI)' Research in regions with higher than op
timal levels suggests some additional benefit (Driscoll et ai.,
1983; Eklund et al., 1987; Heifetz et ai., 1988). While this
might be of theoretical interest, the occurrence of mottled teeth
limits research involving high fluoride intake. In addition, high
water fluoride levels appear to lower the prevalence of root
caries as compared with the frequency at optimal fluoride lev
els (Burt et al., 1986).

The earliest studies of salt fluoridation indicated a limited
caries-inhibitory effect at the low level of 90 ppm F in domestic
salt (Marthaler et ai., 1978). However, greater benefits;equiv
alent to water fluoridation, were obtained with salt containing
250 to 350 ppm F (Toth, 1984; Steiner et al., 1986; Marthaler,
1988).

Combined effectiveness of fluorides as the reason
for caries prevalence decline in some countries.

In approximately 20 countries, the caries prevalence is de
clining rapidly (Marthaler, 1984; Renson et al., 1985; Frank
and O'Hickey, 1987), and the use of fluorides is considered
to be the main reason for this remarkable trend, since both the
frequency of usage and concentrations of fluoride have in
creased in these populations.

In several countries (e.g., Denmark, Finland, The Nether
lands, Norway, Sweden, Switzerland), caries prevalence has
declined by over 50% in the absence of water fluoridation.
Widespread use of fluoridated dentifrices is frequently cited as
the main reason. However, in addition to dentifrices, other
fluoridation methods (e.g., fluoride rinses, toothbrushing with
fluoride gels) are used by up to half the population, and by all
schoolchildren in Scandinavia. With various frequencies, den
tists also apply topical fluorides, and a small proportion of
children take fluoride tablets daily.

From the exhaustive review by Mellberg and Ripa (1983),
the conclusion drawn was that "benefits of 20 to 30% caries
reduction have been found" due to fluoride dentifrices. This
may underestimate the effect in the population, because in the
clinical trials part of the teeth were already erupted when the
children began to use fluoride dentifrices. When a population
has been using fluoride dentifrices routinely, all teeth will ben
efit from the very moment of their eruption. Teeth which erupted
when fluoride dentifrice was being used have been shown to
receive enhanced protection against caries. The percent reduc
tion obtained by consistent use of fluoride dentifrices could
therefore be assumed to reach 40% instead of the 20 to 30%
cited above.

The only fluoridation methods which, in addition to denti
frices, can cover the majority of a population are supervised
school-based rinsing, or brushing with fluoride preparations.
Caries reductions are also in the range of 25 to 40% (Mellberg
and Ripa, 1983). Similar ranges of reductions have been pre
sented by Murray and Rugg-Gunn (1982).

The limits of the total effect of these two fluoridation meth
ods are, therefore:

minimal Rtotol = 100 - 100(1 - 0.2)(1 - 0.25) = 40%
maximal Rtotol = 100 - 100 (1 - 0.4)(1 - 0.4) = 64%

Based on the formula, it is thus unlikely that these two
methods alone can account for more than a 64% decline. In
addition, the foregoing discussion indicates that the formula
tends to overestimate the combined efficacy.

How large are the additional effects of other types of fluoride
used by some of the children? A reduction of 30%, from which
only a third of the population benefits, results in only 10%
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benefit for the total population. If, for illustration, three meth
ods of 30% reduction each are used by, e.g., 30, 20, and 10%,
respectively (i.e., 60% of all children), of the population, the
total effect is 18%. The assumption that 60% of the children
in the population use a third type of topical fluoride is spec
ulative, but it is certainly at the upper limit of what may be
expected.

Combining these 18% with the above-calculated 40% and
64%, the following completed total reductions by fluorides
may be obtained:

minimal Rtoto) = 100 - 100(1 - 0.4)(1 - 0.18) = 51%
maximal Rtotol = 100 - 100(1 - 0.64)(1 - 0.18) = 70%

The 70% must be regarded with caution. The recent clinical
trials discussed in this paper suggest that the formula overes
timates the combined effect in populations which are already
profiting from preventive measures.

Other examples exist of even greater decline (> 70%) in
caries prevalence in populations not profiting from water fluor
idation. In the Canton of Zurich, reductions of 80% (DMFf,
extractions of premolars not considered) and 85% (DFS) of
school-age children are documented for the period 1963-1987,
with 14-year-olds having 23.8 DFS in 1963, but only 3.8 in
1987 (Marthaler et al., 1988). In Mid-Finland, the DMFf at
age 12 was 6.5 in 1976, but only 1.7 in 1987 (Tala and Lev
anen, 1988).

While the availability of fluorides explains the greater part
of the decline (Marthaler, 1984; Jenkins, 1985; Renson et al.,
1985; Ainamo, 1987), additional cariostatic factors-such as
improvements in oral hygiene, shifts in the microbial compo
sition of plaque, or reduced frequency of cariogenic food con
sumption, etc.-must also be involved. These non-fluoride
effects, however, are very difficult to evaluate on a general
basis, even within one country (Jenkins, 1985).
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