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Drinking water containing the optirnwn an10t.mt of fluoride has been 

recognized as an effective method to prevent dental caries. Fluoridation 

of municipal water supplies is often acknowledged as a basic public health 

rreasure since it is highly effective, safe, and economical, and since 

persons acquire the benefits without conscious effort. 

It has been estimated that in 1974 more than 100 million persons 

were served by Hater supplies containing the optimliDl concentration of 

fluoride, either natu~ally occurring or mechanically added. 1 However, 

many persons do not receive ti1e maximum benefits of fluoride because the 

nnmicipal water supply is not fluoridated or because the private water 

supply is devoid of fluoride or contains sub-optimal amounts. 

The. history of controlled water fluoridation, i.e., adjusting the 

fluoride content to the optimum level, is well documented; but a review 

of the history of water fluoridation is not really pertinent to this 

discussion. McClure2 has written an excellent book about the history of 

fluoridation, and the reader is referred to that text for additional 

information. 

Early in the efforts to fluoridate water supplies, it was recognized 

that alternate rrethods of supplying systemic fluoride were needed. ~·bre 

than 30 years ago, when plans were made to initiate the first full-scale 

fluoridation studies, alternate methods to supply systemic fluoride were 

also being considered. 

It was against this background that studies with fluoride supplerrents 

began. To date, the studies with fluoride supplements have been perfonood 
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in non-fluoride areas. The present study was designed to evaluate fluoride 

supplerrents when used in areas containing sub-optimwn amot.m ts of fluoride 

(i .. e., 0. 6 - 0. 8 ppm F). The question was proposed as to whether fluoride, 

ingested as a sodium fluoride -vitamin supplement, would give added pro

tection against dental caries without causing any significant increase in 

dental fluorosis. 

The anslver to this question is important since the American Dental 

Association Cot.mcil on Dental 1herapeutics3 reconnnencls decreasing the 

supplemental fluoride dosage as the level of fluoride in drinking water 

increases from 0.0 to 0.7 ppm. Because of my previous work with fluoride

vitamin supplements, the concept of providing additional fluoride to 

children ingesting sub-optimum amounts of fluoride in drinking \vater 

seerred to be a logical avenue of research. Also, it was felt that providing 

fluoride in a fixed, convenient dosage form might eliminate the problem of 

calculating individual fluoride dosages. 
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Prevalence of dental caries and need for prevention 

Dental caries continues to be the most widespread of all diseases, 

and its prevalence is increasing in many com tries. 
4 

Not only do dental 

caries and its sequelae affect the health of the individual, but treating 

the consequences of the disease is time-consuming and expensive. 

Wisan, Lavell, and Colwe115 surveyed 2,677 Philadelphia children 

between b~o and five years of age. By three years of age 52.9 percent of 

the children had dental caries, with an average deft* of 2. 20. By five 

years of age only 26 percent of the children were caries- free. 

6 Savara and Suher reported that 22.2 percent of one-year-old children 

had dental caries. By three years of age the value had increased to 61.8 

percent. TI1e average deft for these children was 2. 72. 

In a survey by Hennon, Stookey, and ~Uhler7 8.3 percent of cl1ildren 

18 months of age had dental caries. By 39 months of age, 57.2 percent of 

the children had dental caries, with an average deft and defs of 4.65 and 

6.16. 

In a 1938 report by Klein, Palrer, and Knutson, 8 93 percent of girls 

and 99 percent of boys had one or more D~·IF teeth by age 15. These sarre 

percentages were almost identical to the more recent findings of the 

United States National Health survey of 12-to-17 year old youths. 9 By 

*The following notations are used extensively throughout the text: deft, 
clefs - decayed, extracted and filled primary teeth and surfaces. 
DMFT, DMFS - decayed, missing, and filled permanent teeth and surfaces. 
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15 years of age about 90 percent of the boys and 93 percent of the girls 

had one or more J1vfF teeth. TI1is survey combined with a similar surveylO 

in 6-to-11 year-old d1ildren gave the foll<J\ving infonnation regarding the 

prevalence of dental caries in pennanent teeth: 

The nwnber of decayed teeth increased rapidly during childhood and 

early adolescence. TI1e 6-year-old d1ild had less than one D~'ll~ teeth, 

but the 10-year-old had bvo ~IF teeth. At 12 years of age the DMF teeth 

was 4; at 15 years, 7; and at 17 years, 8. 7. 

The prevention of dental caries is important not only to reduce the 

biologic consequences of the disease, but to reduce the tin--e and cost 

factors in providing dental care. Ast and coworkers11 reported that the 

amount of time and money needed to provide dental care to their subjects 

in Nm.·lburgh, New York, a fluoridated conum .. mi ty, was about half that 

required in Kingston, New York, a non-fluoridated connnunity. 

Vitamin supplementation 

Since 1940 the National Research Council's Food and Nutrition Board 

has published recoJTllTend.ed in takes of certain nutrients. TI1e RecoJTlJroncled 

Di All 7 . . 12 t . t . t . tak etary O\vances, 19 3 rev1s1on, suggests cer a1n nu r1en m es 

to prorrote gro~vth and maintain good nutrition among various age groups 

in the United States. The recommended nutrient levels are intended to 

cover individual variations among most normal persons as they live in the 

United States 1mder the usual envirorurental stresses. A person can 

attain the allowances by eating a variety of common foods. 

The Arrerican Medical Association's Council on Foods and Nutrition 
13 

has stated that supplemental vitamins are not needed for routine use. 

They may be of value in instances where poor eating habits, emotional or 
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physical illness, or the <.leterioration of dietary quality may interfere 

with the ingestion and absorption of essential nutrients. Yet, based on 

sales figures for children's vitamin supplen~nts, 14 the use of dlildren' s 

vitamins as a "prophylaxis against malnutrition" is widesprca<.l. In 1974 

the sale of pe<.liatric vitamin drops and chewable tablets was over $37 million. 

The rationale of combining fluoride with children's vitamins is based on 

this \viclespread use. 

Fluorosis 

The first observation of mottled enamel (d1ronic endemic dental 

fluorosis) was probably recorded in 1888 by Kulms. 15 He observed an obvious 

defect of the enarrel in a family which had previously lived in Durango, 

f.exico. Kuhns thought the hypoplasia was caused by the high iron content 

of the water, but analyses years later showed the Durango water also had 

a high fluoride content. 

A. report by Eager16 in 1901 became the initial scientific article in 

the history of fluorosis. He described a particularly disfiguring condition 

in the teeth of Italian emigrants preparing to leave Naples for the 

United States. Eager believed the "deterioration" to be acquired and 

caused by local geologic conditions. He \rrote: "TI1e etiology seems to 

be connected with volcanic fumes or the emanation of subterrru1ean fires, 

either fouling the atmosphere or forming a solution in drinking water." 

Eager's report aroused the interest of Frederick S. McKay, a dentist 

lvho had moved to Colorado Springs in 1901, the year after he graduated 

from ti1e University of Pennsylvania. ~tKay immediately noticed ti1at many 

of his patients had a pennanent "brmvn-stain" on their teeth. The 

affliction seered to be more prevalent in natives of the area. At that 
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tine McKay was unable to solve the problem of "Colorado brmm stain," nor 

could he interest his colleagues in the problem. 

In 1909 ].fcKay was instrumental in getting G. V. l3lack to speak at a 

rreeting of the Colorado State Ibn tal Society. Black's interest in the 

oottled enanel problem nnd his authority and prestige aided 1·IcKay' s 

investigations. 

17 In 1916 Black and ~. IcKay described the clinical picture of mottled 

enrurel: 

The most essential injury occurring in this mottled enmrel is 
in the appearance of the teeth and the general evil effect on 
the countenance of the individual. The teeth are of nonnal 
fonn but not of nonnal color. 1~11en not stained with brmm or 
yellmv, they are a ghastly opaque white that comes prominently 
into notice whenever the lips are opened, whid1 materially 
injures the expression of the countenance of the individual. 
1·Jhen this opaque Hhi te color is mingled with spots of brown, or 
a very large proportion of brown, the injury is still greater. 
In very many cases the teeth appear absolutely black. 

Even from the first observations, mottled enamel was thought to be 

caused .by sorre waterborne factor. In 1908 the first communal Hater supply 

for Oakley, Idaho was installed. In 1924 the local health officer 

consulted Dr. McKay because of the msightly appearance of the children's 

teeth. Parents also were concerned and resentful about their children's 

teeth. Without knowing what was causing the mottled enamel, the citizens 

made a noteworthy decision in 1925 to change the water supply. 'I11us, Oakley, 

Idaho becarre the first town knm.vn to change its water supply entirely on 

ti1e basis of a disfiguring dental abnormality. 

McKay was asked to locate another water source. Just five miles from 

Oakley, he found a conunmity whose children did not exhibit oottled enarrel. 

J\bout seven years later, ~kKay18 reported no fluorosis in 24 children who 

had been born in Oakley after the water supply was chnnged. 
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Although Churchill19 in 1931 reported the presence of fluoride in 

several water samples from endemic fluorosis areas, he emphasized that no 

exact relationship between the fluoride content of the water and mottled 

enarrel had been established. McKay, 20 however, was more positive. lie 

stated: "My long-standing conviction that a very special kind of analysis 

that would search out traces of rare substances would reveal the responsible 

ingredient had been justified." 

At this same tire, other investigators were studying the mottled 

enrurel problem. Smith, Lantz, and Smith21 showed conclusively that fluoride 

caused mottled enamel. TI1ey concentrated, by evaporation, some water 

from St. David, Arizona, a city whose children had mottled enamel. Rats 

drinking the concentrated water developed gross defects in the incisors. 

TI1e enamel was dull, chalky white and pitted. The authors regarded these 

signs to be similar if not identical to the mottling in human teeth. 

Al~ough other investigators22 - 24 had reported that sodium fluoride 

fed to experirental animals caused defects in the teeth, Smith, Lantz, 

and Smith21 specifically studied sodium fluoride in relation to mottled 

enaJTel. TI1ey fed rats sodium fluoride at 0. 025, 0.1 and 0. 5 percent 

levels of the diet. The typical tooth lesions were produced and were 

almost identical to the enamel defects in the rats given the concentrated 

'vater; the authors stated that no one could fail to associate the two. 

The fluoride content of the St. David water was later analyzed and folUld 

to be 3. 8 to 7.1 ppm F. The authors ended their historic report as follows: 

Thus definite proof has been advanced to shO\v that mottled 
en~l a defect of the enarrel of human teeth, prevalent in 
many p~rts of the world, is caused by the destructi -ye action 
of fluoride present in the water supply of the affl1cted 
corrum.mi ties. 
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In 1933 Dean25 reported the first of his epidemiologic surveys of 

rottled enan-el. for purposes of evaluating the severity of fluorosis, the 

sarre author26 developed a classification system which he later revised by 

combining the ~bderately Severe and Severe categories. TI1e revised 

classification is described in the M~thods and Materials section. 

TI1e association of fluoride in the water supply with dental caries 

reductions was reported in a series of classical studies by Dean and his 

27-30 31 co-workers. A111old reported that the maximum protection against 

dental caries with the least incidence of endemic dental fluorosis occurred 

when drinking water containing 0. 8 to 1. 2 ppm F was ingested during the 

first 12 years of life. 

In chronic endemic dental fluorosis the nonnal development of the 

tooth is disrupted. Schour and Smi th
32 '

33 
stated that fluoride exerts 

a direct local action on the ~loblasts and is not related to alterations 

in sennn . calcium and phosphorus. As the fluoride concentration increases, 

the calcification disturbance is increased. The organic 1natrix deposited 

by the affected ameloblasts is unorganized and consists of imperfect 

enamel globules. Irving and Nienaber
34 

have confirmed that enamel disturbances 

in fluorosis are independent of the calcium: :phosphorus ratio of the diet. 

35-37 . 
Other studies have confinred that m causing enClll'el hypoplasia, 

fluoride exerts its primary action on the arreloblasts. Fluoride does not 

have a highly selective action on the odontoblasts; thus, they are not 

directly affected. 

Studies with fluoride supplerrents 

Strean and Beaudet38 studied the combination of CaFz anu vitamins C 

and Din tablet form to prevent dental caries. In a series of three studies, 
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uvo in an orphanage with supervised tablet aillninistration ru1d one involving 

children who were patients of private practitioners, the investigators 

reported significant reductions in dental caries rm1ging from 28 to 82 

percent. 
39 

Stones et al in 1949 reported on the incidence of dental caries when 

KF topicals and NaF tablets were used. After ingesting the tablets for 

two years, children who were 6 to 14 years of age when the study began 

showed no reductions in dental caries. 

Bibby, Wilkins, and l'li to 40 found no effect on the incidence of dental 

caries \vhen d1ildren aged 5 to 14 years ingested a NaF tablet daily. In a 

group receiving a NaF lozenge daily, the investigators found some reduction 

in new carious lesions. Holvever, the findings were not significant. 

After a three-year study, Niedenthal41 reported a 22 percent reduction 

in DMFT in 251 children who were 6 to 7 years of age when the study started. 

The tabl~ts contained 0.5 mg F, and two tablets were given daily on sd1ool 

days. In a similar study, but with more subjects, Wrzodek
42 

found a 22 

percent reduction in U\fFT after four years. TI1e 13,585 children lvere 

between 6 and 9 years of age when the study began. A 1. 0 mg F tablet was 

given only on school days. 

A study important to the history of fluoride supplerrents in the 

United States was reported in 1960 by Arnold, McClure, and White.
43 

01ildren 4 to 15 years of age were given 1. 0 mg F daily by dissolving a 

NaF tablet in a quart of drinking water. Caries reductions were comparable 

to those obtained with fluoridated water. However, in effect, the 

investigators were really evaluating fluoridated lvater and not systemic 

tablet administration. Even though the subjects were d1ildren of 
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professional persons in the Public Health Service in the Washington, D. c. 

area, many of the subjects lost interest and dropped from the study. TI1is 

lack of motivation has been mentioned in later studies with fluoride 

supplements, and is probably" the main reason that fluoride supplements 

will never be as effccti ve as water fluoridation on a mass basis. 

Pollak43 found a 38 percent reduction in Th\WT in children aged 6 to 

7 years who used a NaF-vi tamin tablet for two years. Ile fm.md an 80 percent 

reduction in deft of three-year-olds and a 20 percent reduction in deft 

of four-year-olds. 

Also in 1960, Zienmowicz-Glowacka45 reported a 26 percent reduction 

in clefs of 139 children who had ingested a 0. 2 mg F tablet four times a 

day. The reductions in Df.,IFS after two and three years were 33 and 28 

percent. 

As with the sodium fluoride studies, investigators using calcium 

fluoride have shown conflicting results. Krusic46 reported a 70 percent 

reduction in permanent teeti1 of cl1ildren 8 to 15 years of age after one 

to three years of ingesting CaF2 tablets. After a uvo-year study Kraemer
47 

obtained a reduction in deft of 22 percent in four-year-olds and an 18 

percent reduction in five-year-olds 'vho ingested CaF2 tablets. In contrast 

to these studies, Jez48 failed to detect any anticariogenic benefit of 

CaF2 tablets when used by children 7 to 11 years of age for a period of 

2 1/2 years. 

Lutomska and Koninska49 found no significant anticariogenic benefit 

after uvo years when children 3 and 4 years of age ingested tablets containing 

0.2 mg F three times a day. Krycl1alska-Kanvan antl Laskowska
50 

also failed 

to find a significant reduction in IT·IFS in 134 granunar sd1ool children who 

ingested NaF tablets for four years. 
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~:tinoguchi, Ono, and Tarnai 51 gave 75 children, ranging in age from 

newborn to 6 years of age, a fluoride-vitamin product containing 0.25 mg F. 

After six years, a 36 percent reduction in D~IFT was obtained. However, no 

statistical comparisons were reported and it is not knm·m if the results 

were significant. 

After giving a 0. 25 mg F tablet three tines daily during school hours, 

Kamocka, Sebastyanska, and Spychalska52 did not observe any reduction in 

deft in 3-and 4-year-old d1ildren. 

Since 1964, all studies with sodium fluoride supplements have shown 

positive results although in sorre studies no statistical tests were reported. 

Since the number of studies have increased, the cariostatic effects of 

fluoride tablets on primary and permanent teeth will be discussed separately. 

Soditnn fluoride tablets and primary teeth 

Leonhardt53 gave a liquid fluoride-vitamin preparation to children 

3 and 4. years old. After two years he found a 38 and 30 percent reduction 

in deft. However, no statistical tests were reported, so it is not known 

if these reductions '\Bre significant. 

In a series of three articles, Hennon, Stookey, and Muhler
54

-56 

reported the results of a five and one-half year study which evaluated by 

clinical and radiographic examinations the anti-cariogenic benefits of a 

fluoride-vitamin preparation. Children from birth to 5 1/2 years of age 

were given either a liquid product or a chewable tab let depending upon the 

age of the child. After 5 1/2 years of product use, a significant reduction 

of 56 percent in clefs was obtained. 
57 eli d fl . d . . ~iargolis, ~·1acauley, and Freshman also stu e a uor1 e-Vl tamm 

preparation. After five years on product, a reduction in deft of 70 percent 
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'"as observed. Recently Margolis and co-\vorkers58 reported the ten-year 

results of this study. In 4-to 6-ycar-old children, the average number of 

new decayed and filled primary teeth was reduced by 76 percent in the 

Kalamazoo, Mid1igan group and by 55 percent in the Oneida, New York group. 

Hoskova59 gave fluoride prenatally through the fourth year and obtained 

a 93 percent reduction in deft. Another group of children between birth 

and one year of age also were followed for four years. In this latter 

group, the investigator found a 54 percent reduction in deft. Similar 

results were obtained by Kailis et al, 
60 

who fotmd an 82 percent reduction 

in deft in children who had been given fluoride prenatally through the 

fourth to sixth year. Ano~1er group received the same dosage of fluoride 

from birth to the fourth to sixth year. In this group the investigator 

observed a 56 percent reduction in deft. 

Prichard61 a1so gave fluoride prenatally. When the children ,,:ere 6 

to 8 years of age, a 70 percent reduction in deft was noted. As in the 

two preVious studies, Prichard also gave fluoride to children at birth 

through 6 to 8 years of age. In ~Iris group he observed a 40 percent 

reduction in deft. Although no statistical tests were reported, Hamberg 

found a similar effect in children who had received a vitamin-fluoride 

supplerrent since birth. After six years of product use, the children 

experienced a 49 percent reduction in deft. 

62 

In contrast to the studies of Hoskova, Kailis, Prichard, and Hamberg, 

Schutzmannsky63 showed only a 30 percent reduction in deft of children 

given fluoride prenatally. The value was reported after nine years of 

fluoride intake. 
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64 
In 1972 Hennon, Stookey, and Muhler reported that after two years 

of daily product use, d1ildren receiving a sodium fluoride-vitamin supplement 

or a sodium fluoride supplerrent without vitamins had a 66 and 63 percent 

reduction in clefs. The authors suggested that the highly significant dental 

caries reductions observed ,.,rere due mainly to the topical fluoride effect 

of the chewable tablets since more than 90 percent of the primary teeth 

of the d1ildren were erupted when the study began. 

In a recently reported study by Aasenden and Peebles, 65 children at 

birth received a sodium fluoride-vitamin combination. After 8 to 11 years 

of product use, the reduction in dental caries in primary teeth was 80 

percent. 

Sodium fluoride tablets and permanent teeth 

Binder66 ,67 gave 1.0 mg F to 6-year-old children on sd1ool days. 

After four years he observed a 35 percent reduction in DMFT. However, no 

statistical tests were reported so the significance of the results is 
68 

not known. Grissom and associates also gave children 6 to 11 years of 

age 1.0 mg F tablets on school clays. After two years they fot.md a 

significant reduction in fi\riFS of 34 percent. 

In the study by Ka100cka, Sebastyanska, and Spychalska, 
52 

children 

three and four years of age received a total of 0. 75 mg F per day, but in 

doses of 0.25 mg F three times a day. After three years the 3-year-old 

group ~xperienced a 17 percent reduction in DMFT which was not significant. 

Hmvever, the 4-year-old group had a significant 60 percent reduction in 

. 69 . 70 71 Studies by Leonhardt, H1ppchen, Schutzma1msk.-y, and Berner, 

Fernex, ·and Held72,73 all showed a positive reduction in D~WT and DMFS 
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ranging from 16 to 33 percent. However, no statistical tests Here reported 

in any of these studies, and it is not knmvn if the results were significant. 

In the study by IIennon, Stookey, and Muhler, 54 - 56 a 64 percent reduction 

in D~IFS was fotmd after 5 1/2 years of product use. The number of subjects 

in the fluoride group at this time was only 39; hmvever, the reduction in 

U\1FS was highly significant (p < 0. 001) • 

Girardi-Vogt74 and Stolte 75 also reported positive reductions in ll\~ 

following the use of NaF tablets; but again, no statistical tests were 

reported. Marthaler76 gave children six to seven years of age 0. 5 to 

1. 0 mg F on school days. After one to eight years on product, the d1ildren 

had a 36 percent reduction in n~. 

In the study by Hwberg62 a 70 percent reduction in carious teeth 

was fotmd after seven years. Children from birth were given a fluoride-

vitamin combination containing 0.5 mg F. 

Sd1utzmannsky63 gave fluoride prenatally and from birth in doses 

varying from 0.25 to 1.0 mg F. After nine years the 150 children receiving 

fluoride prenatally had a 43 percent reduct_ion in 11~1FT. TI1e 100 children 

receiving fluoride from birth had a 39 percent reduction in DMFT. Although 

both values represent significant reductions in dental caries, the 4 percent 

difference between the groups was not significant. 

Plassd1aert and Konig77 gave 7-year-old children 1.0 mg F tablets. 

After two years, the 190 children show-ed a 32 percent reduction in J.l.IFS. 

Aasenden and Peebles65 gave 0.5 to 1.0 mg F to children from birth. After 

8 to 11 years of fluoride intake, the 100 children of the fluoride

supplerrented group completing the study had an 80 percent reduction in U.1FS. 

When data only for first pennanent molars were tabulated, a highly significant 

reduction of 77 percent was obtained. 
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In the study by ~Iargolis and co-workers 58 a 58 percent reduction in 

new decayed and filled permanent teeth was noted in the 7- to 10-year-old 

Kalamazoo children who had been given supplemental fluoride from birth. 

A similar group of d1ildren in Oneida, New York ha<.l a 33 percent re<.luction 

in DF teeth; but, this value was not significant. IloHever, Hhen the 

percent of caries-free children of Oneida h'as compared to the percent of 

caries-free children of the control group (53.6 vs 26.4), a significant 

difference was obtained. 

Special fluoride systems 

Some studies have been reported in h'hid1 the fluori<.le source was 

combined with acidulate<.l phosphate, commonly referred to as the APF sys tern. 

DePaola and Lax78 gave ti1e APF tablets during sd1ool l1ours to children 

six to eight years of age. After bvo years, the investigators found a 

significant reduction in DFS of 23 percent. In another study, Aascnden, 

DePaola; ~d Brudevold79 used an APF liquid containing 1.0 mg F. TI1e 

d1ildren were 8 to 11 years of age. After three years, they observed a 

30 percent reduction in DFS. In ti1e same study the investigators compared 

a NaF liquid supplement. In this group the d1ildren had a 27 percent 

reduction in DFS. 

t.bre recently, Driscoll, Heifetz, and Korts
80 

gave APF tablets on 

every school day to d1ildren aged 6 to 7 years. One group of d1ildren 

received 1.0 mg F (one tablet) and the other group received 2.0 mg F (bvo 

tablets). After 2 1/2 years, the group receiving 1.0 mg F showed just a 

6 percent reduction in ]]-,1FS. 111e other group, ho,vever, had a significant 

27 percent reduction. 
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In summary, the literature concerning fluoriue supplements shm·1s they 

are effective in preventing dental caries. Although sane investigators 

failed to report statistical values, they nevertheless did show nwrerically 

positive reductions in dental caries. 



1'-1ETHODS .At'JD MATERIALS 



-17-

A total of 456 d1ildren one to 14 months of age living in corrum.m.ities 

having 0. 6 - 0. 8 ppm F in the lvater supply were rantlomly assigned to one of 

three study groups according to age, sex, and conmunity. Voluntary . 

participation '\vas solicited by sending a letter explaining the program to 

the parents. Copies of the letter and consent form are in Appendix A. 

Potential subjects of the desired age were obtained by screening birth 

records for each of the cities. The Director of the Division of Vi tal 

Records, Indiana State Board of Heal~1, permitted us to obtain names and 

addresses in this marmer. Then a letter and permission form \vere sent to 

the parents. If the parents were interested in participating, they completed 

and returned the consent form. If subjects had a private water supply, 

their drinking \vater was analyzed for fluoride to check if the level was 

within the range of 0. 6 - 0. 8 ppm F. 

To obtain at least 450 subjects, the following Indiana communities 

were used as study sites: Brownsburg, Clennont, Lebanon, Htmtington, 

Tipton, Westfield, Albany, Fainnotmt and Pierceton. Since only a few 

parents in Pierceton enrolled in the project, this group was later eliminated 

from the study. 

Physicians and dentists in each of these comrm.mities received the 

sarre letter which was sent to the parents. Also, whenever possible, the 

program was explained to physicians and dentists at meetings of their 

respective redical and dental societies. Special ~reetings to explain the 

program were held with the administrative officials in each city, and news

papers in each area were also inforJred. 
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1\ss.ignment of subjects to study groups 

Each d1ild enrolled was rcmdomly assigned to one of three study groups 

according to age, sex and city of residence. TI1e principal investigator 

(DKH) had no knowledge of group ac;signments nor of the product code. 1\vins 

Here given the same proJuct series and, if at all possible, two or more 

children of the smne family were also given the same product series. 

Study design 

Group A received 0.5 mg F (as soditun fluoride) in a vitamin combination 

up to three years of age and 1. 0 mg F thereafter. Group I3 received only 

vitamins throughout the study period. Group C received a vitamin-fluoride 

combination containing 0.5 mg F (as sodium fluoride) ti1roughout the study 

period. All children received a liquid product to age three and a d1ewable 

tablet thereafter. As the dlildren aged, d1anges in vitamin composition 

were made according to accepted pediatric vitamin ti1erapy. 

TI1e ' following table st.nnmarizes the study design. The composition of 

the products is in Appendix B. 

Group 0-1 year 1-3 years Over 3 years 

A Tri Vi Flor drops Poly Vi Flor drops Deca Vi Flor tablets 
(0. 5 mg F) (O. 5 mg F) (1.0 mg F) 

B Tri Vi Sol drops Poly Vi Sol drops Deca Vi Sol tablets 
(control) (control) (control) 

c Tri Vi Flor drops Poly Vi Flor drops Deca Vi Flor tablets 
(O. 5 mg F) (O. 5 mg F) (0.5 mg F) 

A six-month supply of product for each subject was given to the parents 

or guardian. TI1e products were packaged in coded containers, and were 

identical in taste, odor, and color. Instructions for daily use were on 

the label. The drops were to be placed on the tongue and swallowed; the 

tab lets were to be chewed and then swallmved. 
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Early in the study the product \vas mailed to each subject. Later, 

the products were dispensed at the tiJTC of the dental examinations. If 

a d1ild missed an examination period, his product Has mailed to his home 

so that use of the study drug "'rould not be intcrruptecl. No attempt was 

made to monitor product use. 

Dental examinations 

Dental examinations were begun when the d1ildren were 30 to 36 months 

of age. Examinations were repeated approximately every six months through

out the study. Sharp explorers (Premierli te, CF 5) and plane surface mouth 

mirrors (Kerr, #4) were used for the clinical examinations. The mouth was 

illuminated with a portable examining light. Carious lesions were diagnosed 

as present if changes in enamel translucency were evident and the area felt 

soft when firm pressure was applied with a sharp explorer. 

The teeth were not dried \vith air to avoid frightening the child 

patients with the noise from a portable air compressor. TI1is was especially 

important for the initial examinations, since 75 percent of the subjects 

had never been to a dentist. Also the examining areas in the different 

cities were not conducive to managing child behavior. To maintain the 

sa.rre examination conditions throughout the study, no air was used to dry 

the teeth. 

The results of each examination were dictated to a trained recorder 

·who entered the data on a specially designed examination form. A copy of 

the form is in Appendix C. 

The nomenclature and symbols used during the dental examinations were 

developed at the Indiana University Oral Health Research Institute and 

used during the past twenty years. Pennanent teeth were nwnbered according 
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to the universal nwnbering system of 1 to 32. Primary teeth were numbered 

by the Palrrer system. Starting on the right, ead1 upper tooth was thoroughly 

examined. TI1en, dropping to the lower left, the mandibular teeth were 

examined. 

Early in the study, only primary teeth lvere present; however, as the 

study progressed, teeth of the mixed dentition were available for examination. 

Both primary and pennanent teeth were examined and the results recorded on 

the same examination fonn. A blank fonn was used for ead1 examination, 

and no reference lvas made to the previous examination findings unless a 

question arose concerning tooth position or congenitally missing teetl1. 

Furthennore, the previous examination record was reviewed only · after the 

present clinical examination had been completed. 

Examination code 

Tooth surfaces were coded as follows: 1 - occlusal; 2 - buccal; 

3 - dist~· ; 4 - lingual; and 5 - rresial. A non -carious tooth was marked 

"S" (sound). A carious surface was recorded lvi th the extent of the lesion. 

1m. incipient cavity involving only one- fourth of the surface was marked 

with an "a." If the decay included at least one-half of a surface, a ''b" 

was recorded. Carious invol verent greater than one-half the surface was 

noted with a "c." A restored surface was marked with an "f." Badly decayed 

anterior teeth involving all surfaces were marked with a "_!," and similarly 

destroyed posterior teeth were marked lvi th a "~·" 

D..lring the study, primary teetl1 lost because of nonnal exfoliation 

were not counted in the caries prevalence unless they had been carious 

before exfoliation. The loss of any primary molars during the study was 

due to dental caries since the children were too yotmg for these teetl1 to 
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exfoliate nonnally. In these instances, the history of caries before the 

tooth was lost was used for the caries prevalence tabulations. Use of 

this procedure rreant that the caries prevalence did not decrease with age 

as it would have done if the exfoliated primary teeth had been disregarded 

in the tabulations. Hypoplastic teeth or congenitally missing teeth were 

not tabulated. 

Radiographs 

A dental technician took posterior bitewing ancl maxillary and mandibular 

anterior occlusal radiographs of the subjects. Initially, it 'vas not 

possible to obtain radiographs of diagnostic quality for some of the 

children because they were non-conmrunicative or tmcooperative. Later in 

the study, suitable radiographs were obtained on every subject except in 

a few instances involving failure of the mobile x-ray equipment. Radiographs 

of inadequate diagnostic quality were not retaken. The radiographs were 

evaluated by the principal investigator, and the interproximal carious 

lesions were recorded on the examination form. 

Fluorosis examination 

After about seven years, the study was terminated· with a fluorosis 

examination. Enamel fluorosis was classified according to Dean's 
81 

scale: 

Normal. The enarrel presents the usual translucent semi-vitriform 
type of structure. The surface is smooth, glossy, and usually of 
a pale creamy white color. 

Questionable. The enamel discloses slight aberrations from ti1e 
translucency of nonnal enamel, ranging from a few white flecks 
to occasional \vhi te spots. 1his classification is utilized in 
those instances where a definite diagnosis of the mildest form 
of fluorosis is not warranted and a classification of 'normal' 
not justified. 
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Very mild. Small, opaque, paper white areas scattered irregularly 
over the tooth but not involving as much as approximately 25 per
cent of the tooth surface. Frequently included in this classi
fication are teeth showing no more than about 1 - 2 nun of ,,,hi te 
opacity at the tip of the sunnni t of the cusps of the bicuspids 
or second molars. 

Mild. The white opaque areas in the enamel of the teeth are 
~extensive but do not involve as mud1 as 50 percent of the 
tooth. 

?vbderate. All enamel surfaces of the teeth are affected, and 
surfaces subject to attrition show marked wear. Brown stain is 
frequently a disfiguring feature. 

Severe. Includes teeth formerly classified as "moderately 
seve ret.' and "severe." All enamel surfaces are affected and 
hypoplasia is so marked that the general fonn of the tooth 
may be affected. The major diagnostic sign of this classi
fication is the discrete or confluent pitting. Brmvn stains 
are 'ridespread and teeth often present a corroded-like 
appearance. 

No fluorosis was given a score of 0; questionable, 0.5; very mild, 1.0; 

mild, 2.0; moderate, 3.0; and severe, 4.0. TI1e recorder entered the findings 

on the fluorosis examination sheet (Appendix D). 

Data analyses 

Dental caries data were tabulated two ways: according to months of 

product use at each examination and by age of subject at each examination. 

Only dental caries scores for subjects ,.Jho had both a clinical and radio

graphic examination were tabulated. A separate tabulation . 'vas made for 

primary and pennanent teeth. Caries prevalence in primary teeth was 

reported by de£ teeth and surfaces. The ll\IF teeth and surface indices were 

reported for pennanent teeth. 

The results were not analyzed longitudinally since not all subjects 

'"'ere present for each examination. Therefore, each examination period 

represented a cross-sectional sampling. For this reason, tooth and surface 
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increments did not always sho\V the expected increases, as woulcl be the 

case if ti1e data were analyzed longitudinally. 

Statistical evaluations for the dental caries data '"ere performed 

by using the two-tailed Student t test. Differences at P< 0.05 were 

considered as significant. 

The individual scores from the fluorosis examination were used to 

calculate the fluorosis index as described by Dean:
81 

Follo\ving an inspection of the recordetl effects noted for 
each tooth, the d1ild' s degree of affection is arbitrari.ly 
classified as normal, questionable, very mild, nuld, moderate, 
or severe. TI1e child is classified on the basis of the 
severest form of dental fluorosis recorded for two or more 
teeth. 

Index of dental fluorosis. Although it is possible to 
correlate the prevalence of endemic dental fluorosis 
(percentage of individuals examined shm·Ting dental fluorosis) 
'"i th the, fluoride concentration of the public water supply, 
such correlation does not adequately make clear the marked 
differences in the degree of severity among the groups 
studied. To take into accotmt these differences a ntnnerical 
weighted index of clinical severity (index of dental fluorosis) 
is ·calculated for ead1 group examined. This index is 
computed by giving a definite weight to ead1 of the six 
classifications used in measuring effects. These weights, 
arbitrarily selected, are: normal, 0; questionable, 0.5; 
very mild, 1; mild, 2; moderate, 3; and severe, 4 ••• 



RESULTS 
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Table I shows deft and clefs values as a ftm.ction of months of product 

use. While positive reductions in dental caries were evident in Groups A 

and C as early as 24 months of product use, ti1ese reductions were not 

significant until 48 months. At ti1at tirre, Group A had a 36.7 and 38.3 

percent reduction in deft and clefs. Group C l1ad a 37.3 and 35.8 percent 

reduction in deft and clefs. TI1e 35. 8 percent \vas not significant. 

After 54 months of product use, Group A had a 30. 3 and 36. 0 percent 

reduction in deft and clefs. Group C showed a 27.1 and 23.3 percent reduction 

in deft and clefs. However, the 23.3 percent difference was not significant. 

After 60 oonths of product use, Group A showed a 42.2 and 47.1 percent 

reduction in deft and clefs. Group C had a 32.1 and 37.4 percent reduction 

in deft and clefs. 

After 66, 72, and 78 oonths of product use, positive reductions in 

deft and clefs were obtained, except for the clefs in Group C at 72 months. 

None of these reductions were significant, however. 

Table II shows DMFI' and DMFS values according to lengti1 of product use. 

The values varied considerably and no significant reductions in DMFT and 

DMFS were evident. 

Table III shows deft and clefs values according to subject age at eaCh 

examination period. Reductions were obtained at all age periods except 

for Group C at 90 months. However, not all reductions were significant. 

At 36 months of age, Group C showed a 75.3 and 81.5 percent reduction 

in deft and clefs. HO\.vever, no oti1er significant reductions occurred until 
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54 months of age. At that tirre Group 1\. had a 41.3 and a 42.7 percent 

reduction in deft and defs. 

The most consistent and significant reductions occurred at 60 and 66 

months of age. At 60 rnon~1s, Group A had a 32.0 and 34.8 percent reduction 

in deft and clefs. Group C showed a 44.1 and 42.6 percent reduction in 

deft and clefs. At 66 months of age Group A had a 37.5 and 44.8 percent 

reduction in deft and defs. Group Chad a 34.3 and 40.1 percent redu~tion. 

Throughout the remaining periods (72, 78, 84, and 90 months) reductions 

,.,ere not significant. 

Table IV shows the values for DMFT and DMFS for age periods 60 through 

90 months. No significant differences occurred between any groups at any 

age period. 

Table V shows the fluorosis data. 1he mean age of the subjects with 

pennanent teeth ranged from 6. 7 to 6. 9 years. There were no significant 

differences in ages between any of the groups. Likewise there was no 

significant differences in length of product use between any of the groups. 

The average length of time on product ranged from 80.4 to 82.1 months. 

Group A had an average of 8.1 erupted pennanent teeth at the time of 

~1e fluorosis examination. Group B had an average of 7. 4 and Group C had 

an average of 7. 9 erupted pennanent teeth. Group A had the highest index 

of fluorosis (0.250). The index for Group C was 0.188. TI1e control' group 

had a fluorosis index of 0. 033. 

Figure 1 illustrates the most severe case of fluorosis detected during 

the fluorosis examination. This patient was in Group A and had received 

the 1.0 mg F level after tl1ree years of age. TI1e degree of fluorosis was 

classified as "mild." 
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Table I 

Average Caries Prevalence in Primary Teeth of Children, by Length of Time on Product 

Group Number Teeth % Diff. p Surfaces 9! 
0 Diff. p 

18 Months 
A* 3 0.00 .:t. 0.00 0.00 .±.. o.oo 
B** 3 0.33 =!::.. 0.33 0.33 .±.. 0.33 
C*** 8 0. 00 =!::.. 0. 00 0.00 .±.. 0.00 

24 Months 
A 33 0.48 !. 0.19 22.6 N.S. 0.48 .!. 0.20 31.4 N.S. 
B 37 0.62 .:t. o. 24 o. 70 =!::.. 0.28 
c 36 0.19 !.. 0.10 69.4 N.S. 0.19 =!::.. 0.10 72.9 N.S. 

30 Months 
A 55 0.89 + 0.20 23.3 N.S. 1.00 + 0.24 35.5 N.S. 
B 44 1.16 + 0.33 1.55 + 0.51 
c 40 0.53 + 0.19 54.3 N.S. 0.53 + 0.19 65.8 N.S. a 

N 

36 Months 0\ 
a 

A 48 1.67 :!:.. 0.28 22.3 N.S. 1.98 :t. 0.35 21.7 N.S. 
B 47 2.15±..0.43 2.53 :t. 0.61 
c 43 1.44 :!:.. 0.31 33.0 N.S. 1.63 :!:_0.39 35.6 N.S. 

42 Months 
A 52 2.17 ±. 0. 34 32.8 N.S. 2. 73 ±. 0.49 29.6 N.S. 
B 52 3.23 ±. 0.49 3.88±.0.62 
c 52 1.98 ±.. 0.37 38.7 N.S. 2.69 ±. 0.60 30.7 N.S. 

48 Months 
A 49 2.92 ±. 0.38 36.7 <:: 0. 02 3.59 ±. 0.54 38.3 ~o.o5 

B 41 4.61 !.. 0.59 5.83 !.. 0.93 
c 47 2.89 ±.. 0.41 37.3 <0. 02 3.74 :t_0.65 35.8 N.S. 
* Group A (0.5 - 1.0 mg F) 
** Group B (Control) 
***Group C (0.5 - 0.5 mg F) 



Table I continued 

Average Caries Prevalence in Primary Teeth of Children, by Length of Tine on Product 

Group Number Teeth % Diff. p Surfaces % Diff. p 

54 ~bnths 
A* so 3.52 ± 0.39 30.3 < 0.02 4.26 ± 0.54 36.0 <0.02 
B** 41 s.os ± 0.50 6.66 ±. 0.80 
C*** 53 3.68 ± 0.43 27.1 .(0.05 5.11 .±. 0.76 23.3 N.S. 

60 ~bnths 
A 44 3.48 .:!:. 0.47 42.2 < 0.01 4.59 .± 0.71 47.1 <0.01 
B 41 6.02 .±. 0.61 8.68 .± 1.11 
c 47 4.09 .±. 0.44 32.1 < 0. 02· 5.43 ±. 0.75 37.4 ~0.02 

66 Months 
A 31 4.35 + 0.55 23.4 N.S. 5.87 + 0.90 28.2 N.S. 
B 22 5.68 + 0.68 8.18 + 1.17 
c 37 4.59 + 0.53 19.2 N.S. 6.62.!. 0.99 19.1 N.S. I 

72 Months N 
-......) 
I 

A 26 4.58 .±. 0.59 10.9 N.S. 5.88 ± 0.87 17.2 N.S. 
B 21 5.14 ±.. 0.66 7.10 ± 1.03 
c 27 5.04 ± 0.58 1.9 N.S. 7.33 ±. 1.11 +3.1 N.S. 

78 Months 
A 14 4.50 .±. 0.91 16.7 N.S. 6.93 .±. 1.69 21.6 N.S. 
B 10 5.40 .:!:. 0.91 8. 80 :±. 1. 76 
c 15 3.93 + 0.75 27.2 N.S. 5.07 ~ 1.20 42.4 N.S. 

* Group A (0.5 - 1.0 mg F) 
** Group B (Control) 
***Group C (0.5 - 0.5 mg F) 



Table II 

Average Caries Prevalence in Permanent Teetl1 of Children, by Length of Time on Product 

Group Ntunber Teeth Surfaces 
48 Months 

A* 1 0.00 .±. 0.00 0.00 .±.. o.oo 
B** 0 
C*** 1 . 0.00 ± 0.00 0.00 .±. 0.00 

54 ~·!onths 

A 5 0.20 .±. 0.20 0.20 .±. 0.20 
n 1 0.00 .±. 0.00 0.00 .±. 0.00 
c 6 0.33 .±. 0.33 0.50 .±. 0.50 

60 :Months 
A 11 0.27 .±. 0.19 0.27 .±. 0.19 
B 5 0.20 .±. 0.20 0.20 .±. 0.20 
c 12 0.75 .±. 0.45 1.00 .±. 0.64 

66 Months I 
N 

A 12 0.92 .±. 0.31 0.92 .±.. 0.31 co 
I 

B 10 0.60 .±.. 0.34 0.80 .±.. 0.47 
c 22 1.09 .±.. 0.31 1.45 .±. 0.51 

72 t·1onths 
A 19 1.11.:!:. 0.32 1.47 .±. 0.47 
B 15 1.07 .±. 0.36 1.27 ±. 0.43 
c 21 1.52 .±. 0.39 2.10 .±. 0.64 

78 Months 
A 14 1.93 ±. 0.44 2.57 ±.. 0.72 
B 9 1.00 ±. 0.33 1.44 ±.. 0.60 
c 14 1.14 ±. 0.39 1. 36 ±. 0. 49 

* Group A (0.5 - 1.0 mg F) 
** Group B (Control) 
***Group C (0.5 - 0.5 mg F) 



Table· III 

Average Caries Prevalence in Primary Teeth of Children, by Age 

Group Number Teeth % Diff. p Surfaces % Diff. p 

30 Months 
A* 42 0.38.:: 0.16 34.5 N.S. 0.38.!. 0.16 41.5 N.S. 
B** 40 0.58 + 0.21 0.65 + 0.24 
C*** 39 0.18 + 0.14 69.0 N.S. 0.18 + 0.14 72.3 N.S. 

36 Months 
A 49 1.18 .±. 0.23 36.6 N.S. 1.35 .±. 0.28 45.8 N.S. 
B 49 1.86.:!:.. 0.46 2.49 .±. 0.69 
c 39 0.46 ±. 0.14 75.3 0.01 0.46 .±. 0.14 81.5 ..cO.Ol 

42 Months 
A 49 1.53 .±. 0.30 29.8 N.S. 1.88 .±. 0.43 25.7 N.S. 
B 40 2.18 ±. 0.45 2.53 ±. 0.60 
c 41 1.12 ± 0.32 48.6 N.S. 1.27 ±. 0.39 49.8 N.S. l 

N 
1.0 

48 Months I 

A 45 2.18 .±. 0.33 23.8 N.S. 2.78 .±.. 0.49 12.0 N.S. 
B 51 2.86 ~ 0.45 3.16 .:t. 0.52 
c so 2.02 .:!:.. 0.39 29.4 N.S. 2.66 .:!:.. 0.59 15.8 i-J.S. 

54 Months 
A 54 2.67 .±. 0.37 41.3 < o. 01 3. 3$ .:t. 0. 53 42.7 < 0. 02 
B 47 4.55 .:!:. 0.56 5 • 85 .!.. 0. 85 
c so 3.18 + 0.43 30.1 N.S. 4.28 + 0.74 26.8 N.S. 

* Group A (O. 5 - 1. 0 mg F) 
** Group B (Control) 
***Group C (0.5 - 0.5 mg F) 



Table III continued 

Average Caries Prevalence in Primary Teeth of 01ildren, by Age 

Group Number Teeth % Diff. p Surfaces % Diff. p 

60 Months 
A* 49 3.53 + 0.43 32.0 0.02 4.41 + 0.62 34.8 0.05 
B** 42 5.19 + 0.51 6.76 + 0.80 
C*** 48 2.90 + 0.43 44.1 0.00 3.88 + 0.67 42.6 0.01 

66 Months 
A 47 3.77 + 0.46 37.5 0.01 4.89 + 0.69 44.8 0.01 
B 37 6.03 + 0.61 8.86 + 1.16 

· C 49 3.96 + 0.44 34.3 0.01 5.31 + 0.75 40.1 0.02 
72 Months 

A 35 3.97 + 0.50 25.0 N.S. 5~11 + 0.74 33.0 N.S. 
B 24 5.29 + 0.62 7.63 + 1.10 
c 38 4.66 + 0.48 11.9 N.S. 6.32 + 0.81 17.2 N.S. 

78 Months I 
(.A 

A 19 4.47 + 0.58 14.2 N.S. 5.89 + 1.04 24.4 N.S. 0 

' 
B 14 5.21 + 0.79 7.79 + 1.41 
c 29 4.97 + 0.51 ·.4.6 N.S. 7.07 + 1.05 9.2 N.S. 

84 ~1onths 
A 13 4.85 + 0.78 16.7 N.S. 7.00 + 1.51 22.2 N.S. 
B 11 5.82 + 0.81 9.00 + 1.47 
c 17 4.53 + 0.95 22.2 N.S. 6.24 + 1.59 30.7 N.S. 

90 ~bnths 
A 7 3.43 + 1.31 6.5 N.S. 4.29 + 1.84 19.5 N.S. 
B 3 3.67 + 2. 03 5.33 + 3.53 
c 7 4.29 + 1.19 +14.5 N.S. 6.00 + 2.12 +11.2 N.S. 
* Group A ( 0 • 5 - 1. 0 mg F) 
** Group B (Control) 
***Group C (0.5 - 0.5 mg F) 



Table IV 

Average Caries Prevalence in Pennanent Teeth of Children, by Age 

Group Number _Teeth Surfaces 

60 Months 
A* 3 0.00 :!:. 0.00 0.00 ~ 0.00 
B*•~ 0 
C*** 2 0. 00 !.. 0. 00 0.00 !. 0.00 

66 ~.bnths 
A 11 0.18 :!:. 0.12 0.18 !.. 0.12 
B 5 0.00:!:. 0.00 0.00 :!:. 0.00 
c 12 0. 58 :!:.. 0. 36 0.83 :!:. 0.53 

72 :Months 
A 16 1.00 ±.. o. 34 1.13 ±. 0.43 
B 13 0.23 ±. 0.12 0.23 ±. 0.12 
c 19 1. OS ±. 0. 36 1.21 ±.. 0.46 

78 ]\1onths 
I 

tN .-
A 14 1.21 ±. 0.38 1. 71 ±. 0. 57 I 

B 13 1.31 ±. 0.38 1.46±..0.43 
c 25 0.92 ±.. 0.28 1.24 ±..0.45 

84 Months 
A 13 1.08 ±. 0.40 1.46 ±.. 0.66 
B 10 2.00±.0.52 2.50 ±.. 0.64 
c 15 1. 4 7 ±. 0. 42 2.07 ±.. 0. 79 

90 Months 
A 7 1.86±..0.63 2.43 ±..1.00 
B 3 1.00 ±.. 0.58 1.67 ±.. 1.20 
c 7 1. 71 ±.. 0. 71 2.14 ±.. 0.88 

* Group A ( 0 • 5 - 1. 0 mg F) 
** Group B (Control) 
***Group C (0.5 - 0.5 mg F) 



Table V 

Results of Fluorosis Examination 

!'.~an !vean 1vean 
Group Ntunber Age Months on Pennanent 

(Months) Product Teeth 

A 32 6.9 + 0.12 82.1 + 0.73 8.1 + 0.55 

B 30 6.8 + 0.11 80.6 + 0.85 7.4 + 0.49 

c 32 6.7 + 0.13 80.4 + 0.90 7.9 + 0.56 

Distribution of Fluorosis Severity'" 

Nonnal Questionable Very Mild Mild Index I 
tN 
N 
I 

A 32 21 8 2 1 0.250 

B 30 28 2 0 0 0.033 

c 32 21 10 1 0 0.188 

*No patients having "moderate" or "severe" fluorosis 1vere observed. 
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Figure 1. Patient showing "mj_ld" degree of fluorosis. 





DISCUSSION 
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The consistent dental caries reductions observed at all examination 

periods (except for Group C after 72 months of product use and Group C at 

90 months of age) indicate a strong trend toward a treatment effect for 

the products. However, not all reductions were significant, probably because 

of the few nwnber of subjects per group and because of the cross- sectional 

d 
54-56 

sampling procedures. A similar trend was reported in a previous stu y 

in which significant reductions were not observed until three years of 

product use. 

Another possible reason why the reductions were not significant in the 

younger groups is that the absolute values for prevalence is low because 

of the effect of the fluoridated water, even at sub-optimum levels. As 

shmm in Table III, at 30 months of age Group B had an average 0. 65 clefs. 

Children of a comparable age in a non- fluoride area were examined by this 

author. 7 These children had an average of 1. 50 defs. The difference 

between these two groups was 56 percent. Thus, any significant differences 

between the control and treatrent groups in the present study represented 

a benefit of the fluoride supplements in addition to that obtained from 

ti1e water supply. 

No consistent superiority of the 1.0 mg F regimen over the 0.5 mg 

leve 1 was observed. This would indicate that the regular use of the 0. 5 mg 

F supplerrent in sub-optimum fluoride areas would be as effective as a 

1.0 mg F supplement. Also there is less chance of producing fluorosis, 

although at the 1.0 rng F level, the fluorosis index was well below tite 
81 

0.6 level considered unacceptable. 



-35-

During the latter part of the stutly, there were too few subjects in 

the groups to make statistical comparisons significant. TI1e problem of 

maintaining adequate numbers has been rrentioned in other studies. 43 ' 64 

Lack of parental motivation to ensure regular product ingestion is perhaps 

one of the most important reasons why fluoride supplements will never be 

ff t . fl "d d . 11" d 1 . 82 , 83 
as e ec 1 ve as uor1 ate water m contra 1ng enta car1es. 

TI1e significant reductions in dental caries of this stucly support the 
54-56,64 

findings in previous studies that showed fluoride-vitamin preparations 

to be effective in controlling dental caries. .1\lso the results are in 

agreerrent with other investigators who showed a significant anticariogenic 

effect from fluoride supplements. 4S,S8,60-62,65 

'I11at no anticariogenic effect of the supplerents was observed in 

permanent teeth is not surprising. Only a few subjects with permanent 

teeth were in each group. Also, 90 months was the maximum age of the 

subjects with permanent teeth. At this age the average nwnber of erupted 

permanent teeth ranged from 7.4 to 8.1. Since the caries rate in permanent 

anterior teeth at this age is small, especially in a fluoride area, most of 

the lesions were detected on the permanent molars, particularly the occlusal 

surface. Characteristically, fluoride is less effective against pit and 

fissure caries than smooth surface caries. Tilerefore, the results for DMFT 

and DMFS do not show any significant effect. TI1is finding is in contrast 
65 

to the results obtained by Aasenden and Peebles. Calculated from ti1eir 

data, there 'vas a SO. 6 percent difference in permanent molars of d1ildren 

(7 to 12 years of age) lvho had received a fluoride supplement from birth 

versus a comparable group of d1ildren who had cons lUlled fluoriclatecl water. 

In the present study, however, all the d1ildren were receiving the benefits 
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of fluoridated water and the effects of fluoride supplementation, if any, 

were probably masked because of this. Also, as mentioned previously, the 

subjects were too fe\v to allow statistical significance. 

The fluorosis indices computed from the fluorosis examinations show 

that none of the treatment groups had any tmacceptable amotmt of fluorosis. 

Dean81 stated that a fluorosis index of 0.4 or less is considered to be of 

no concern. 1m index of 0. 6 or greater is terrned "tmacceptable" and begins 

to constitute a public health problem which needs further attention. 

In Group A (0.5 - 1.0 mg F) the subjects had a fluorosis index of 

0.250. Group C (0.5 .- 0.5 mg F) had an index of 0.188. Both of these 

values are greater than the intlex of 0.14 which can be calculated from 

the data of Schlesinger and Ast' s 84 Kingston-Newburgh study, a controlled 

\vater fluoridation trial. However, the values in the present study are 

less than the index of 0. 88 reported by Aasen den and Peebles 
65 

for the 

fluoride-s~plemented group in a non-fluoride area. 



Sl]]\lMARY AND ffiNCLUSIONS 
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The anticariogenic bcnefi ts of water fluoridation are well docwnented; 

and numerous research reports have demonstrated the effectiveness of 

fluoride supplements as al temates to water fluoridation. Hm-.rever, no 

investigations have been reported on the effect of giving extra fluoride 

in areas having sub-optimum amotmts of fluoride in the water supply. 

TI1e present study was designed to answer whether adcli tional fluoride, 

ingested as a sodium fluoride-vitamin supplement, woulcl provide added 

protection against dental caries \vithout causing any significant increase 

in dental fluorosis. 

A total of 456 d1ildren one to 14 months of age living in communities 

having 0. 6 - 0. 8 ppm F in the water supply were randomly assigned to one 

of three study groups according to age, sex, and conuntmi ty. Group A 

received 0.5 mg F (as so<lium fluoride) in a vitamin combination up to 

three years of age. After three years of age the d1ildren received 1. 0 mg 

F. Group B received only vitamins. Group C received a vitamin-fluoride 

combination containing 0.5 mg F throughout the study period. 

llintal examinations started when the subjects \·Jere 30 - 36 months of 

age and were repeated approximately every six months for the duration of 

the study. i\fter about seven years, the study was ended \\'i th a fluorosis 

examination. 

Except in a few instances, both treatment groups showed positive 

reductions in deft and clefs prevalence from 24 to 78 months of product use. 

IIowever, significant reductions were observe<l only at the 48, 54, and 60 
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month periods. At 48 months, Group A had a 36.7 and 38.3 percent reduction 

in deft and clefs. At 54 months, the values were 30.3 and 36.0 percent. 

At 60 months, the reductions \-.'ere 42.2 and 47.1 percent. Group Chad a 

37.3 percent reduction in deft at 48 months. llm\·ever, the 35.8 percent 

reduction in clefs was not significant. At 54 months, Group C had a 27.1 

percent reduction in deft. Again, the 23.3 percent reduction in dcfs was 
. 

not significant. At 60 months, Group C had a 32.1 and 37.4 percent 

reduction in deft and defs. 

When the caries prevalence was computed according to the age of the 

subjects, a similar trend toward positive benefits of the test supplements 

was observed. The most consistent reductions in deft and clefs occurred 

at 60 and 66 months of age. At 60 months, Group A had a 32.0 and 34.8 

percent reduction in deft and clefs. The values for Group C were 44.1 and 

42.6 percent. At 66 months, Group A had a 37.5 and 44.8 percent reduction 

in deft and clefs. Group C had a 34.3 and 40.1 percent reduction for the 

sarre period. 

No significant reductions were noted for permanent teeth when the 

data were tabulated either by length of time on product or by age of 

subjects. 

The fluorosis indices indicated that neither fluoride-supplemented 

groups had any unacceptable amounts of fluorosis. TI1e index for Group A 

was 0. 250; Group C had an index of 0 .188. 

TI1ese results indicate that up to 1.0 mg per day of additional 

fluoride does not cause objectionable fluorosis and may be ingested safely 

by children residing in areas containing 0. 6 - 0. 8 ppm F in the water 

supply. In regard to dental caries prevalence, 0.5 mg F \vas almost as 
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effective as a 1. 0 mg F level in providing added anticariogcnic benefits 

in primary teeth. No anticariogenic benefits were noted in perrn3Ilent 

teeth, probably because of the small nwnber of subjects in each group 

and because the control group was also receiving fluoride from the water 

supply. 
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APPEi'IDIX A 

Indiana l.Jni versi ty School of llintistry 
Department of Preventive llintistrJ 

1121 Hest l·lichigan Street 
Inclicmapolis, Incliana 46202 

Dear Parent: 

TI1is letter is to invite you to participate in a dental 
research project Hhich will be conducted in your community by 
Indiana Uni vcrsi ty School of llintistry. This particular research 
program is one of a nwnber of projects in a continuing search 
for nelver and more effective methods to benefit dental health. 

. The correct amount of fluoride in the community \vater supply 
lS recognizecl as one of the most effective, safe, and economical 
ways to control dental decay. Your community does have fluoride 
in the water supply, but the amount is less than that recorrnrended 
for optimum den tal health benefits. For those persons not re-
cei ving the reconunended a.Jrount of fluoride in the water, other 
ways of supplying fluorides have been suggested. One of these is 
by rreans of a fluoride supplement in liquid or tablet form \vhich 
may also contain certain vitamins. However, how effective the use 
by a fluoride supplement plus fluoride ~ the water supply is in 
controlling dental decay is not kno\'IIl. It is for this reason that 
Indiana University is conducting the research program in your city. 
Other objectives of the program are to study the pattern of 
fluoride excretion in yomg d1ildren, so as to provide more 
fundamental data for future clinical programs. 

'I11e study will be conducted as follows: Infants between 
birth and one year of age will be eligible for the program. (With 
the permission of the Indiana State Board of IIealth, Division of 
Vi tal I~ cords, we have been able to locate families such as 
yours, who have children in the required age range.) The fam
ilies who participate in the program should also be using water 
from the conrrnunal water system. Smre of the children will 
receive a vi tarnin supplerrent containing fluoride; others will 
receive only the vitamins. The d1ildren will be grouped in a 
random fashion and neither the parents nor the dental examiner 
will lmow the identity of the products. The vitamin preparation 
and dosage schedule is similar to that which the chilcl would 
receive from his mvn pediatrician or family physician. In 
addition to the products (which are manufactured by a reputable 
phannaceutical finn and are provided Hithout cost for the duration 
of the program) the d1ild Hill receive a dental examination 
including radiographs each six months starting Hhen he is approx
imately 2 1/2 to 3 years of age. TI1e study is designed to continue 
until each child has erupted his six-year pennancnt molars and the 
pennanent front teeth. Some of the dlildren will also be asked 



to participate in a special portion of the study Hhidl will 
evaluate the excretion patten1 of fluoriue by the d1ilc.lren. 
Details of this part of the stuuy arc c)q)lained in a separate 
letter. If there is sud1 a letter attad1ed to this letter, you 
are one of the families which is being asked to participate in 
the fluoride excretion study. 

The dentists and physicians in your city have been infomcd 
of the research program. You should ask them if there would be 
any reason why your d1ild should not participate in our program 
if you so desire. ror example, if your child should require 
special medical or dental treatment whid1 would interfere with 
his daily use of t~c product mder clinical evaluation, it is 
advisable that the d1ild not be considered for participation. 

We urge you to consider our request for participation carefully 
and fill out the fonn provided since we C3Jl. assure you that 
participation in the program Hill add materially to your child's 
dental health. Please mail it to us as soon as possible using 
the enclosed, addressed envelope; we will then co~tact you to 
arrange an appointment for your child. 

If you have any questions, please do not hesitate to con tact 
us at any tirre. 

Sincerely, 

David J(. IIeru1on, D.D.S. 
1~sistant Professor of Preventive 
Dentistry 

C.eorge K. Stookey, M.S.D. 
J\ssistc:mt Professor of Basic Sciences 

Joseph C. Huhler, D.D.S., Ph. D. 
Professor 



APPENDIX A (continued) 

CONSENT FOR!vl 

Child's Narre 
Last First :\ ·iiddle Ini tial 

Sex Age Date of Birth ---

Parents' Na.riYCs ------------------------------------------------

Address Phone -------

I wish to have my child participate in the dental study program. Our 
drinking water is from the city water supply. 

Date --------------------- Parent's Signature 

IUSD 

PD 1/67 
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APPEI'IDIX B 

COMPOSITION OF STIJDY PRODUCTS 

Tri Vi Flor drops (Groups A and C) 

Each 0. 6 cc supplies: 
Fluoride (from 1.1 mg NaF) •..•• 0.5 rug 
Vitamin A 3000 U.S.P. Units 
Vitamin D . . . . . . 400 U.S.P. Units 
Vitamin C . • • • . . . . . . • 60 rug 

Tri Vi Sol drops (Group B) 

Each 0.6 cc supplies: 
Vitamin A • • • • 
Vitamin D ••• 

3000 U.S.P. Units 
. • • 400 U.S. P. ·Units 

Vi tam:i.n C • • • • • • • • 60 mg 

Poly Vi Flor drops (Groups A and C) 

Each 0.6 cc supplies: 
Fluoride (from 1.1 rng NaP) ••••• 0.5 mg 
Vitamin A • • • • • 3000 U.S.P. Units 
Vitamin D 400 U.S .P. Units 
Vi tarn:i.n C • • 60 mg 
Thiamine • • 1 mg 
Riboflavin • • • • • 1.2 mg 
N i acinarni de • • • • 8 rug 

Poly Vi Sol drops (Group B) 

Each 0.6 cc supplies: 
Vitamin A • • • • • 3000 U.S.P. 
Vitamin D . . ... 400 U.S.P. 
Vitamin C • • • • • 

Units 
Units 
60 mg 

Thiamine 
Riboflavin • • 
Niacinamide 

1 mg 
. • 1. 2 mg 

• • • • • • 8 mg 
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APPB~DIX B continued 

Deca Vi Flor chelvable tablets (Group A) 

Ead1 tablet supplies: 
Fluoride (from 2.2 mg NaF) .••.• 1.0 mg 
Vitamin A 4000 U.S.P. Units 
Vitamin D .. 400 U.S.P. Units 
Vitamin C 60 mg 
TI1iamine 1. 2 mg 
Riboflavin • • • • • 1.5 mg 
Niacinamide . • • • • • • • 15 mg 
Pyridoxine • • • • • • . 1. 2 mg 
Vitamin B12 • • • • 3 meg 
Calcit.un pantothenate . • . • • 5 mg 
Biotin • • • • • • • • • • . . 40 meg 

Deca Vi Sol chewable tablets (Group B) 

:Each tab let supplies: 
Vitamin A 4000 U.S.P. Units 
Vitamin D . . ... 400 U.S.P. Units 
Vitamin C • • • • • 75 mg 
Thiamine • • . • • . • • 1. 2 mg 
Riboflavin • • • • • 1. 5 mg 
Niacinamide • • • • 15 mg 
Pyridoxine ••••••••••••• 1.2 mg 
Vitamin B12 • • • • • 3 meg 
Calci1.m1 pantothenate • • • • • 5 mg 
Biotin • • • • • • • • • • • • • 40 meg 

Deca Vi Plor chewable tablets (Group C) 

Ead1 tablet supplies: 
Fluoride (from 1.1 mg NaF) ••••• 0.5 mg 
Vitamin A . . . • . 4000 U.S.P. Units 
Vitamin D • • • • 400 U.S .P. Units 
Vitamin C 75 mg 
TI1iamine • • • • • • • 1.2 mg 
Riboflavin 1. 5 mg 
Niacinamide • • • 15 mg 
Pyridoxine • . • • • • • • 1.2 mg 
Vitamin B12 . • • • 3 meg 
Calcil.IDl pantothenate 5 mg 
Biotin • • • • • • • • • • • 40 ·meg 
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APPENDIX D -46-
ENDEMIC DENTAL FLUOROSIS EXAMINATION 

,-- ·-

StudY Subject Date Examination Age Sex Months On 
Number Product 

:.--- 7 13 15 

I I I I I I I I I I I 
~ 

Narne. 
~ 

UPPER 

Tooth Score Comment T_ooth Score l.omment: 

18 19 32 33 
7 1 a 

20 21 34 35 

6 2 b 

22 23 36 37 
5 e 3 c 

24 25 38 39 

4 d 4 d 

·- - · 
26 27 40 41 

3 c 5 e 

28 29 42 43 

2 d 6 

30 31 44 45 

1 a 7 

RIGHT LEFT 

LOWER 

Tooth Score Comment Tooth Score Comment -- -
46 47 60 61 

7 1 a 

48 49 62 63 

6 2 b --
50 -s-1 --- 64 65 

5 e 3 c 

52 53 
66 67 

4 d 4 d 

54 68 69 

3 c 
5 e 

70 
6 

71 
56 57 

2 b 

9 
72 

7 
58 

1 a 

73 

RECORDER: Use RED ball point pen. Circle the appropriate tooth. Each box MUST 

contain a score. 
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ABSTRACf 



VITAMIN- FLUORIDE SUPPLf~MENTS: EFFECT ON DENTAL Ci\RIES 

AND FLUOROSIS IN SUBOPTIMUM FLUORIDE AREAS 

David K. HeiUlon 
1121 West Michigan Street 

Indianapolis, Indiana 46202 

This study was designed to determine if additional fluoride, ingested 

as a sodium fluoride - vitamin supplement would provide added protection 

against dental caries 'viti1out causing any significant fluorosis. 

A total of 456 children, one to 14 monti1s of age, residing in cities 

having 0.6 - 0. 8 ppm F in the 'vater supply were randomly assigned accord

ing to age, sex and community to the following groups : Group A, 0. 5 mg F 

to age 3 then 1. 0 mg thereafter; Group B (control) , vitamins throughout 

the study; and Group C, 0.5 mg F throughout the study. 

Dental examinations were started at approximately 2 1/2 to 3 years 

of age and were repeated every six months. A fluorosis examination 

ended the study after about seven years. 

1Vhen compared according to length of time on product, Group A had 

a significant reduction in deft and defs of 42.2 and 47.1 percent at 

60 months. Group C had a 32.1 and 37.4 percent reduction. l\~1en compared 

by age, Group A had a 37.5 and 44.8 percent reduction in deft and clefs 

at 66 months. Group Chad a 34.3 and 40.1 percent reduction for the 

same period. No significant reductions were observed in permanent teeth. 

Based on the fluorosis index (Group A - 0.250; Group B - 0.033; and 

Group C - 0.188) none of the groups had any unacceptable amounts of 

fluorosis. 



The results indicate that up to 1.0 mg per day of aclditional fluoride 

does not cause objectionable fluorosis and may be ingested safely by 

d1ildren residing in areas containing 0. 6 - 0. 8 ppm F in the water 

supply. A 0.5 mg F supplement was almost as effective as a 1.0 mg level 

in providing ad<.led protection against dental caries in primary teeth. 
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