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Abstract--In March 1953 water-fluoridation was started in Tiel, the Netherlands. 
From the caries numbers of three age classes the differences in caries inhibition for 
the various teeth and for the various tooth surfaces are shown after 54 years of 
fluoridation. 

The free smooth surfaces (buccal and labial) show an important caries reduction 
even if fluoridation started some years after the eruption of the tooth. If water- 
fluoridation is started 2 or 3 years before eruption the differences are hardly any 
greater. 

Some proximal surfaces show a reasonable caries reduction if water-fluoridation 
is started shortly after eruption. The degree of protection seems partly determined by 
the accessibility of the surface for fluoride ions and the condition in the interproximal 
space. A pre-eruptive period with fluoridated drinking-water increases the effect 
substantially. 

For the occlusal surface, only an insignificant effect was found if fluoridation was 
started after eruption. If fluoridation is started 2-3 years before eruption the caries 
inhibition was still about 50 per cent smaller than for the proximal surfaces. Only in 
those premolars and second molars which at the start of fluoridation were in an early 
stage of development, a larger caries inhibition for the occlusal surface was found. 

The caries inhibition in the various surfaces seems to be correlated with the degree 
in which fluorine ions can be built in or absorbed by the enamel of these surfaces. 

The degree of caries inhibition found will partly depend upon the methods used 
for the caries examination. In general, percentages of caries reduction tend to be 
higher if caries is diagnosed in a more advanced stage. 

R&m&-En mars 1953, la fluoruration des eaux a BtC enterprise g Tie1 (Pays-Bas). Les 
diff&ences d’inhibition de la carie par rapport aux dents et aux surfaces dentaires dans 
trois groupes d’lges diff&-ents ont bt6 dCterminQs apt-&s 5 ans et demi. 

Une diminution importante des caries de surfaces vestibulaires est not& mime 
sur des dents qui ont subi l’action du fluor plusieurs an&s apr& leur Eruption. 
L’action du fluor de l’eau potable, 2 ou 3 ans avant l’buption, ne semble pas 
entrainer une diminution plus grande. 

Une certaine diminution du nombre des caries proximales est constatCe, lorsque 
la fluoration des eaux d6bute peu apr&s l’&uption. Le degr6 de protection semble 1% 
partiellement a I’accessibilitC de la surface aux ions fluor et aux conditions Cxistant 
dans l’espace interproximal. Cet effet de l’eau fluorte est notablement augmentk, si 
l’eau est consomm& pendant la I.&ode pr&&ruptive. 

Pour les caries occlusales, seul un effet insignitint fut observk lorsque la fluorura- 
tion est appliquQ aprbs eruption. Dans le cas d’une adjonction de fluor g l’eau 2-3 ans 
avant Wuption, l’inhibition des caries est encore environ de 50 pour cent mains 
Clev6e que pour les surfaces proximales. Ce n’est qu’au niveau des prkmolaires et 
secondes molaires, qui se trouvaient B un stade peu avanc6 de d&veloppement, au 

moment du d&but de la fluoration, qu’une inhibition plus prononcQ des caries occlusales 
fut observ6e. 
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L’inhibition de la carie des diffkrentes surfaces dentaires semble en rapport 
avec le degrt d’intkgration ou d’absorption des ions fluor au niveau de 1’8mail de 
ces surfaces. 

Le degrC d’inhibition de la carie dCpend partiellement des methodes utilisQs pour 
les examens des caries. En g&&al les pourcentages de rkduction ont tendance & 
devenir plus Blevts, lorsque la carie est diagnostiqude & un stade plus avan& 

Zusammenfassung-Seit MPrz 1953 ist das Wasser von Tie1 (Niederland) fluoridiert. An 
Hand der Kariesdaten von drei Altersklassen wurden nach 5: Jahre Trinkwasser- 
fluoridierung die unterschiedlichen Karieshemmungen auf die einzelnen Zahnfllchen 
gezeigt. 

Es stellte sich heraus, dass die Karieshemmung anscheinend korreliert ist mit 
dem Masse in dem Fluorionen in den Schmelz der bestimmten Flkhen eingebaut 
oder absorbiert werden kijmen. Diese MGglichkeit der Aufnahme von Fluorionen 
ist lifters ungleich fiir die einzelnen Flschen desselben Zahnes. 

Es wurde gezeigt, dass der zahlenmlssige Ausdruck der Karieshemmung abhgngig 
ist von der Untersuchungsmethodik. ZahlenmHssig wird die Karieshemmung desto 
griisser sein, umso spPter die Diagnose “Karies” gestellt wird. 

INTRODUCTION 

IN MARC~I, 1953, a pilot fluoridation scheme was started in the Netherlands, in order 
to determine the caries preventive effect of water-fluoridation under Dutch living 

conditions. The town of Tie1 was fluoridated (1.1 p.p.m. F) and the nearby town of 

Culemborg served as fluoride-free control (0.1 p.p.m. F). 

The favourable effect of water-fluoridation on the dental caries experience in Tie1 

has been described elsewhere (HEALTH COUNCIL, 1960). In this communication 

attention will be paid to the differences in effect for the various surfaces of the teeth 
as manifest after 54 years of fluoridation. 

MATERIAL AND METHODS 

To demonstrate the effect of fluoridation on caries initiation and progression, the 

caries data of three groups of children are selected, i.e. children born in 1945, 1946 

and 1949. At the beginning of fluoridation their mean age was respectively 78, 69 

and 32 years. 

Each age class consists of about fifty girls and fifty boys selected at random. All 

caries numbers to be presented are the mean values of the mean for the girls and the 

mean for the boys. 
The methods used in the caries examination have been published elsewhere 

(BACKER DIRKS, VAN AMERONGEN and WINKLER, 1951; BACKER DIRKS and KWANT, 

1954; BACKER DIRKS, KWANT and KLAASSEN, 1957). These methods aim at a careful 

and standardized caries examination. Special methods were used to prevent a shift 
in diagnostic standards from year to year. The examination comprised two parts: 

I. An X-ray examination for the evaluation of the lesions of the proximal 

surfaces. 
2. A physical examination for the pit and fissure lesions of molars and premolars 

and for the lesions of the srhooth free surfaces (buccal and labial only). 
Every examination is carried out twice, independently by two dentists. The standard 

error of the caries obser-{ation proved to be one tenth of the sampling error of the 
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group. The X-rays of fluoride and control group were mixed and a blind evaluation 
was made. In order to avoid a bias in the physical examination each half week the 
examination is shifted to the other town. The time devoted to the examination of an 
X-ray set is 6-10 min, and to the physical examination 5-20 min, depending upon 
the age of the children. 

Caries numbers are either presented as all lesions observed or as the number of 

lesions with macroscopic cavitation in the physical examination and dentine involve- 
ment in the X-ray examination. 

RESULTS 

The differences in the kind of caries diagnoses between the proximal surfaces 

(X-ray examination) and smooth free surfaces (physical examination) make it im- 
possible to add these numbers. The structural differences in occlusal surfaces and 

smooth surfaces also dictate a separate treatment of these numbers. 

Particularly in a caries preventive study, separate treatment of the various kinds 

of surfaces is necessary as these may be influenced in different ways. 

TABLE I. CAVITIES PER CHILD, SEPARATELY FOR THE VARIOUS KINDS OF SURFACES, 1958 

Year Age at start 

Of 3f fluoridation 

birth (years) 

I Y45 

1946 

1949 

Age 

13 

12 

9 

I Number of cavities per child 

Town Proximal Pits 
(Inc. and 

included) fissures 
-_-__-_ __~ 

Culemborg 5.2 1 I.4 

Tie1 3.6 9.6 

Culemborg 3.9 10.0 

Tie1 2.0 I.8 

Culemborg 0.9 5.7 

Tie1 0.3 4.1 

Buccal 

and 
labial 

_____ 

I.0 

0.4 

0.9 

0.3 

0.5 

0.2 

Incisors 

proximal 

1-6 

1 .o 

1.7 

0.6 

0.25 

0.05 

In Table I the number of attacked surfaces per child is shown for the three types 
of surfaces separately and in Table 2 the percentage reduction in the number of 

cavities in the fluoride town. 

Except for the second molar, all teeth of the 1945 and 1946 class were already 

calcified or even erupted at the start of fluoridation. 
The caries reduction in the buccal and labial surfaces is larger than in the proximal 

surfaces, whereas the pit and fissures show the smallest effect. 

As the teeth, even in one age class, were not in the same developmental stage at 
the start of fluoridation, the numbers given are in fact not very well comparable. 

For this reason Table 3 shows the caries numbers, only for the first molar, in the 
I946 and 1949 class. 

In both groups the buccal surfaces exhibit the largest effect, followed by the 

proximal surfaces, whereas the pits and fissures show the smallest effect. 
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TABLE 2. PERCENTAGE LESS CAVITIES IN TIEL AS COMPARED TO CULEMBORO, 1958 

Year Age at start 
of of water F 

birth (years) 

1945 76 
1946 68 
1949 31 

Percentage less cavities in Tie1 

Age 
(years) Proximal Pits and Buccal or Incisors 

(Inc. included) fissures labial proximal 
-- 

13 31 16* 54 38 
12 49 22 71 63 
9 66 28 66 80* 

* Difference not significant at the P=O.Ol level. 

TABLE 3 

Number of cavities per child 

Age 12 (1946) 
Culemborg 

‘Tie1 
“/o difference 

Age 9 (1949) 
Culemborg 
Tie1 
‘A difference 

Pits 
and 

fissures* 

6.1 
6.0 
10t 

5.8 
4.1 
29 

Mesial Distal 
surface surface 

1.5 1.1 
1.3 0.8 
13t 21 

0.8 0.4 
0.4 0.2 
50 50 

Smooth 
buccal 
surface 

040 
0.16 
60 

0.41 
0.14 
67 

* In the maxillary molars the two fissures (mesio-buccal and disto-lingual) and in the mandibular 
the occlusal fissure and the buccal pit are counted separately. 

t Difference not significant at the P=O.Ol level. 

The first molar of the children born in 1946 had already erupted at the start of 
fluoridation, the first molar of the 1949 class was calcified but only erupted 2 years 
later. 

In the buccal surface there is for both age classes an important caries inhibition 
of about the same magnitude. The proximal surfaces of the 1949 class show both 
about the same caries inhibition, whereas the reduction in the 1946 class is not only 
smaller but also differs significantly for the mesial and distal surface. Only the 
occlusal surface of the molars of the children born in 1949 exhibit a significant caries 
inhibition. 

The tables presented up to now dealt with cavities only (or dentinal lesions on 
the X-ray. 

Table 4 gives for the proximal surfaces the number of lesions per child in two 
caries grades. 
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TABLE 4. PROXIMAL LESIONS PER CHILD, 1958 

Age (years) 13 12 9 
Age at start of F 72 6t 3% 

Caries grade I-V II-V I-V II-V 
--_ 

Culemborg 15.8 5.2 12.1 3.9 
Tie1 12.5 3.6 8.7 2.0 
‘A difference 21 31 28 49 

__ 

I-V = all lesions ; II-V= lesions with dentine involvement. 

The percentage difference in cavities for each age class is much larger than for 

the total number of lesions. The same holds true for the fissure lesions, and the 
smooth surface lesions. The important difference in the number of dentinal lesions 

as compared with the total number of lesions diagnosed, is striking. The difference 

between the two numbers are the numbers of lesions confined to the enamel. In 
Culemborg there are twice as many enamel lesions as dentinal lesions, in Tie1 three 
times more. 

DISCUSSION 

RUSSELL and WHITE (1959) found in a similar study a correlation between the 

observed caries inhibition and the length of fluoride exposure prior to eruption. 

Although in our material the same correlation is noted, the various surfaces of one 
tooth may show large differences in caries inhibition. 

These differences in effect for the various surfaces point to the fact that a tooth 

index (e.g. DMF teeth) is in these cases less appropriate to describe caries inhibition 
than a surface index. 

As caries inhibition seems to be caused by the degree of fluoride uptake by the 

enamel, we tried to understand the differences in caries inhibition of the various 

surfaces as an expression of a difference in fluoride uptake. 

Three stages in which fluoride may enter the enamel can be differentiated. The 
first stage is the period of matrix formation and calcification, the second stage the 

period of pre-eruptive maturation and the third stage the post-eruptive period. 

If fluoridation starts after eruption of a tooth, it seems that only those surfaces 
which are readily accessible to fluoride ions will show an increased caries resistance 

(Tables 2 and 3), i.e. the free smooth surfaces (buccal, labial) and those proximal 

surfaces where the diffusion route is short and convection current good (proximal 

surfaces of incisors). The distal surface of the first molar is at eruption also a free 

accessible surface as there is no adjacent tooth at that time. The conditions for 
tluoride adsorption on the mesial surface are especially poor. Directly after eruption 

this surface comes into contact with the distal surface of the second deciduous molar. 
Again the generally cariogenic milieu of this interproximal area will harm the physico- 
chemical conditions conducive to the uptake of ions. Also in the deep fissures and 

pits the uptake of ions will be difficult (Table 3, 1946 class). 
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During the pre-eruptive maturation period all smooth surfaces will incorporate 
fluoride ions in their outer layers, which results in an increased caries resistance. 
The smaller caries reduction in the occlusal surface of the first molar of the children 

born in 1949 (32 years before the start of fluoridation) as compared with the caries 
reduction in the other surfaces, may be explained by the less favourable physical 
conditions (deep fissures) for the uptake of fluoride ions (Table 3). If fluoridation 
is started during matrix formation and calcification, all surfaces may acquire fluoride 
in equal amounts in this period; a different amount, however, during the pre-eruptive 
is started early, a smaller effect in the occlusal, than in the other surfaces. The fluorida- 
tion period in Tie1 has not been sufficiently long to study enough teeth calcified during 

fluoridation. Especially for the fissures of first permanent molar and deciduous 
molars, one would expect a decreased inhibition, as these teeth are formed and 

partly calcified in a period with a small fluoride uptake by the foetus and the young 
child (pregnancy and lactation). 

The smaller effect of fluoridation upon the number of all lesions as compared 

with the number of dentinal lesions proves that caries initiation as well as the rate 

of caries progression is reduced (Table 4). Also in those surfaces which received 

their fluoride only after eruption the rate of caries progression is markedly reduced. 

The percentage of caries inhibition of enamel lesions in comparison with the 
inhibition of dentinal lesions points to the fact that every less extensive caries 

examination, in which only real cavities are diagnosed, will tend to show higher 

values for the caries inhibition (HAYES, MCCAULEY and ARNOLD, 1956). 
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