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Introduction
The prevalence of dental fluorosis has increased

since the 1930s in both fluoridated and nonfluoridated
United States communities because of increased expo-
sure to systemic fluorides. 1-4 Although the increase in
dental fluorosis is of the mild and very mild categories
and poses no immediate health problem, more severe
levels are of esthetic concern and may threaten the
continued use of systemic fluorides to prevent dental
decay. Indeed, the severity of dental fluorosis in a few
isolated populations already has become a public con-
cern (see footnote).5-7 Considering these factors, it is
imperative that all possible efforts are undertaken to
control the prevalence and severity of dental fluorosis
within the range of public acceptance.

In March, 1991, the National Institute of Dental Re-
search sponsored an international workshop, Changing
Patterns of Systemic Fluoride Intake. In this meeting, fluo-
ride and clinical science researchers discussed issues
relating to the safe and effective use of systemic and
topical fluorides. Workshop participants agreed that in
addition to drinking water, fluoride supplements, and
dietary sources, the inadvertent ingestion of toothpaste
by young children could be a source of systemic fluo-
ride.

It is a common practice in the dental profession to
recommend the use of a small quantity or a pea-size
amount of toothpaste for young children. The rationale
for this recommendation is to minimize the inadvertent
ingestion of fluoride-containing dentifrices, which theo-
retically could lead to increased systemic fluoride in-
take. The purpose of this article is to discuss the rela-
tionship between fluoride-containing dentifrices and
dental fluorosis; in particular, we will examine the sci-
entific evidence for recommending the use of a small
amount of fluoridated toothpaste for children.

Literature Review
For dental fluorosis to result, the increased systemic

exposure must occur at the age when the enamel is
forming.8, 9 The maturation phase of enamel formation
is the stage vulnerable to increased systemic fluoride
intake. Chronic high doses of fluoride at this stage can
cause enamel hypomineralization.10, 11 For the maxil-
lary incisors, the critical period seems to be 22-25 months
of age, but the risk for dental fluorosis in the incisors
may persist for 36 months beyond this period. 12 Fur-

thermore, Ishii and Suckling6 showed that increased
systemic fluoride exposure from birth for more than 11,
12, and 24 months caused fluorosis in the first perma-
nent molars, the permanent incisors, and premolars
respectively. Exposure at 7 years or older did not result
in clinically noticeable fluorosis. In light of tlhese find-
ings, we will concentrate on data that pertain to inges-
tion of fluoride-containing dentifrices in children age 7
years and younger.

Since the 1950s, several studies have been c.onducted
on ingestion of fluoride-containing dentifrices in chil-
dren; their results were varied. The design of the studies
could be classified under two categories. The first esti2
mated toothpaste ingestion by analyzing urinary or
fecal excretion of either fluoride or a specific marker.13,
14 h 1The other estimated toothpaste ingestion by t e grav’-
metric method that measured the difference between
the amount of dentifrice used and recovered in each
brushing.15, 16 The former method has been criticized
for underestimating the amount of toothpaste ingestion
because of technical difficulties and individual vari-
abilities in the rate of absorption, renal clearance, and
other physiological parameters.

The latter has been criticized for overestimating tooth-
paste ingestion because any lost dentifrice was consid-
ered ingested. Despite the differences and variability of
the results, all of these studies agree on several points:

1. There is a large intra- and interindividual
variability in the amount of toothpaste ingested
by children during brushing.

2. No child consistently swallows the same amount
of toothpaste during each brushing.

3. Younger children swallow more than
older children.

The amount of toothpaste reported to be ,dispensed
in each brushing is reported to range from less than 0.1
to more than 2.0 g, with an average estimate.d to be 1.0
g.17-20 The average amount swallowed is r~orted to
range from 0.13 to 0.33 mg per brushing. 19-21 The
percentage swallowed is reported to range from 14 to

r v 2260%.21 In a e iew article, Whitford cited an average

Rozier G: Personal communication, unpublished data, 1991.
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amount of 25% swallowed. Because most toothpastes
on the market contain 1000-1100 ppm F, it is reasonable
to suggest that an average of about 0.25 mg of fluoride
will be ingested by children during each brushing. A
child who brushes twice a day may ingest 0.5 mg of
fluoride from toothpaste alone.

A recent study by Maurice and Levy23 revealed that
a large majority of preschool children seemed unable to
expectorate effectively. Whitford22 made a similar ob-
servation and attributed this to the inadequate develop-
ment of the swallowing reflex in younger children.
Although there is no evidence in the literature that
supervised brushing can reduce the amount of tooth-
paste ingestion among young children, parental super-
vision in limiting the quantity of toothpaste dispensed
is a common-sense approach to reducing inadvertent
fluoride ingestion.

The fluoride in toothpastes is readily bioavailable, 24
meaning that virtually all fluoride ingested from tooth-
paste is absorbed. It has been shown that ingesting 0.6 g
of toothpaste containing 1000 ppm fluoride can lead to
an increase in the plasma fluoride level 25, 26 compa-
rable tO that attained after swallowing 0.5 mg of sodium
fluoride tablets. 27 Polishing agents such as calcium
phosphate and calcium carbonate have been shown to
inhibit fluoride absorption to some extent;28 however,
silica, which is present in most toothpastes available
today, has been shown not to affect the absorption of
fluoride from toothpaste ingestion.25, 26

The optimal daily allowance of fluoride from all
sources is 0.05-0.07 mg/kg of body weight;29-31 any
amount exceeding this may cause dental fluorosiso Thus,
a 2-year-old child at 12-kg body weight should not
exceed 0.8 mg/day. Ophaug32 estimated the dietary
fluoride intake of a 2-year-old child to range from 0.2 to
0.6 mg/day, depending on the fluoride level in the
drinking water. Hence, this child may ingest 0.2 to 0.6
mg of fluoride per day from dietary sources, plus 0.5 mg
from fluoridated toothpaste. This total of 0.7-1.1 mg of
fluoride per day may exceed the maximum allowance
of 0.8 mg/day for the 2-year-old child. When intake
from other systemic sources is considered, such as fluo-
ride supplements33 and beverages,34 there is an even
greater chance that young children may exceed their
optimal daily fluoride allowance.

In a recent review of the literature, Ripa21 made a
conservative estimate of 0.13 mg of fluoride intake from
toothpaste ingestion per brushing in preschool chil-
dren. This is probably an underestirnation’ because he
assumed an average of only 0.5 mg of toOthpaste and
the use of a child-size toothbrush in each brushing.
Nevertheless, he concluded that toothpaste ingestion
could contribute to total systemic fluoride intake and
suggested guidelines that included the use of only a

pea-size amount of toothpaste for young children to
minimize inadvertent ingestion.

Several epidemiologic studies have investigated the
association between toothpaste use and prevalence of
dental fluorosis. The early epidemiologic studies dem-
onstrated a lack of association,35, 36 but these have been
criticized for the lack of statistical power to detect a
relationship because the sample sizes were small and
the prevalence of dentifrice use was high. Some early
studies did not control for other confounding vari-
ables.37, 38 Often, these studies were designed prima-

rily to investigate other systemic sources, such as fluo-
ride supplements39-41 and water fluoridation. 36, 42, 43

The more recent epidemiologic studies have found
an association between toothpaste use and the preva-
lence of dental fluorosis. 37, 44-46 Milsom and
Mitropoulos46 conducted a study in Cheshire, England,
and demonstrated that significantly more children be-
tween ages 0-4 years in a fluoridated community who
began brushing at an earlier age exhibited enamel de-
fects. Similar findings were reported by Osuji et al. 44 in
Toronto, Canada. The investigators ~found-that children
who started toothbrushing before th~ age of 22 months
were 11 times more likely to develop dental fluorosis
than those children who began later. W61tgens et al.45

showed that there was increased enamel mottling in
children who began using fluoride supplements and
brushing with toothpastes contain.ing 1500 ppm fluo-
ride before the age of 4 years. In a recent study, Pendrys
and Katz37 concluded that toothpaste use from the
third through the sixth year of life put children at a 2.9
times greater risk for development of dental fluorosis.

Summary and Conclusion

The scientific literature shows large variability in the
amount of toothpaste ingested by young children. Al-
though no study has demonstrated that children swal-
low a large amount of toothpaste consistently, all inves-
tigators agree that toothpaste ingestion can ~contribute
to total fluoride intake. The prevalence~of, tgiOthpaste
use is high among children. Dowel117 reported that 85%
of 2-year-old children brush with fluoridated, tooth-
paste’. W61tgens et al. 45 an’d Simard20 repo~ted similar
findings. Recent epidemiologic studies" have demon-
strated an association between early toothpaste use and
increased prevalence of dental fluorosis in children.
This finding should not be surprising in view’ of the
highprevalence of toothpaste use among ybung chil-
dren17, 20, 45 and their estimated average toothpaste

ingestion. Reducing the fluoride concentration in tooth-
pastes from the standard 1000-1100 ppm may reduce
the amount of fluoride ingestion from this source. How-
ever, studies on the efficacy of toothpastes with re-
duced fluoride levels on the prevention of dental decay
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are inconclusive.21 Because there are no data to quan-
tify the optimal amount of toothpaste to be dispensed in
each brushing, the recommendation of using only a
pea-size amount for young children is prudent and
scientifically sound.

Dr. Pang is clinical assistant professor, Department of Pediatric Den-
tistry, University of California, San Francisco, CA, and Dr. Vann is
professor and chairman of the Department of Pediatric Dentistry,
University of North Carolina School of Dentistry, Chapel Hill, NC.
Reprint requests should be sent to: Dr. William F. Vann, Jr., Depart-
ment of Pediatric Dentistry, University of North Carolina, School of
Dentistry, CB #7450, Chapel Hill, NC 27599-7450.

1. Leverett DH: Fluorides and the changing prevalence of dental
caries. Science 217:26-30, 1982.

2. Leverett DH: Prevalence of dental fluorosis in fluoridated and
nonfluoridated communities-- a preliminary investigation. J
Public Health Dent 46:184-87, 1986.

3. Pendrys DG, Stamm JW: Relationship of total fluoride intake
to beneficial effects and enamel fluorosis. J Dent Res 69:529-
38, 1990.

4. U.S. Public Health Service: Review of fluoride benefits and
risks, report of the ad hoc subcommittee on fluoride. Wash-
ington, DC: U.S. Government Printing Office, 1991.

5. Ishil T, Suckling G: The appearance of tooth enamel in chil-
dren ingesting water with a high fluoride content for a limited
period during early tooth development. J Dent Res 65:974-77,
1986.

6. Ishii T, Suckling G: The severity of dental fluorosis in children
exposed to water with a high fluoride content for various
periods of time. J Dent Res 70:952-56, 1991.

7. Williams, JE, Zwemer JD: Community water fluoride levels,
preschool dietary patterns, and the occurrence of fluoride
enamel opacities. J Public Health Dent 50:276-81, 1990.

8. Fejerskov O, Thylstrup A, Larsen MJ: Clinical and structural
features and possible pathogenic mechanisms of dental
fluorosis. Scand J Dent Res 85:510-34, 1977.

9. Den Besten PK, Crenshaw MA, Wilson MH: Changes in the
fluoride-induced modulation of maturation-stage ameloblasts
of rats. J Dent Res 64:1365-70, 1985.

10. Den Besten PK, Crenshaw MA: The effects of chronic high
fluoride levels on forming enamel in the rats. J Dent Res
29:675-79, 1984.

11. Richards A, Kragstrup J, Josephen K, Fejerskov O: Dental
fluorosis developed in post-secretory enamel. J Dent Res
65:1406--9, 1986.

12. Evans RW: Changes in dental fluorosis following an adjust-
ment to the fluoride concentration of Hong Kong’s water
supplies. Adv Dent Res 3:154-60, 1989.

13. Hargreaves JA, Ingram GS, Wagg BJ: Excretion studies on the
ingestion of a monofluorophosphate toothpaste by children.
Caries Res 4:256-68, 1970.
Drummond BK, Curzon MEJ: Urinary excretion of fluoride
following ingestion of MFP toothpastes by infants aged two to
six years. J Dent Res 64: 1145-48, 1985.
Hargreaves JA, Ingrain GS, Wagg BJ: A gravimetric study of
the ingestion of toothpaste by children. Caries Res 6:237--43,
1972.
Barnhart WE, Hiller LK, Leonard GJ, Michaels SE: Dentifrice
usage and ingestion among four age groups. J Dent Res
53:1317-22, 1974.
Dowell TB: The use of toothpaste in infancy. Br Dent J 150:247-
49, 1981.
Brunn C, Thylstrup A: Dentifrice usage among Danish chil-
dren. J Dent Res 67:1114-17, 1988.

14.

15.

16.

17.

18.

19. Naccache H, Simard PL, Trahan L, Demers M, Lapointe C,
Brodeur J-M: Variability in the ingestion of toothpaste by
preschool children. Caries Res 24:359-63, 1990.

20. Simard PL, Naccache H, Lachapelle D, Brodeur JM: Ingestion
of fluoride from dentifrices by children aged 12 to 24 months.
Clin Pediatr 30:614-17, 1991.

21. Ripa LW: A critique of topical fluoride methods (dentifrices,
mouthrinses, operator-, and self-applied gels in an era of
decreased caries and increased fluorosis prevalence. J Public
Health Dent 51:23-41, 1991.

22. Whitford GM, Allmann DW, Shahed AR: Topical fluorides:
Effects on physiologic and biochemical processes. J Dent Res
66:1072-78, 1987.

23. Maurice TJ, Levy SM, Jakobsen JR: Dentifrice use among
preschool children. J Am Dent Assoc, 1993 (in press).

24. Ellingsen JE, Ekstrand J: Plasma fluoride levels in man follow-
ing intake of SnF2 in solution or toothpaste. J Dent Res 64:1250-
52, 1985.

25. Trautner K, Einwag J: Human plasma fluoride levels follow-
ing intake of dentifrices containing aminefluoride or
monofluorophosphate. Arch Oral Biol 33:543-46, 1988.

26. Ekstand J, Ehrnebo M: Absorption of fluoride from fluoride
dentifrices. Caries Res 14:96-102, 1980.

27. Ekstrand J, Koch G, Petersson LG: Plasma fluoride concentra-
tions in pre-school children after ingestion of fluoride tablets
and toothpaste. Caries Res 17:379-84, 1983.

28. Forsman B, Ericsson Y: Fluoride absorption from swallowed
fluoride toothpaste. Community Dent Oral Epidemiol 1:115-
20, 1973.

29. McClure FJ: Fluorine in foods, survey of recent data. Public
Health Rep 64:1061-74, 1949.

30. Farkas CS, Farkas EJ: Potential effect of food processing on the
fluoride content of infant foods. Sci Total Environ 2:399-405,
1974.

31. Ophaug R, Singer L, Harland BF: Estimated fluori.de intake of
average two-year-old children in four dietary regions of the
United States. J Dent Res 59:777-81, 1980.

32. Ophaug R, Singer L, Harland BF: Estimated fluoride intake of
average two.year- old children in four dietary regions of the
United States. J Dent Res 59:777-81, 1980b.

33. American Dental Association, Council on Dental Therapeu-
tics: A discussion of optimal dosage for dietary fluoride supple-
mentation. J Am Dent Assoc 96:1050-53, 1978.

34. Pang DTY, Phillips CL, Bawden JW: Fluoride intake from
beverage consumption in a sample of North Carolina chil-
dren. J Dent Res 71:1382~88, 1992.

35. Houwink B, Wagg BJ: Effect of fluoride dentifrice usage
during infancy upon enamel mottling of the permanent teeth.
Caries Res 13:231-37, 1979.

36. Butler WJ, Segreto V, Collins E: Prevalence of dental mottling
in school-aged lifetime residents of 16 Texas communities,
Am J Public Health 75:1408-12, 1985.

37. Pendrys DG, Katz RV: Risk of enamel fluorosis associated
with fluoride supplementation, infant formula, and fluoride
dentifrice use. Am J Epidemiol 130:1199-1208, 1989.

38. Horowitz HS: Appropriate uses of fluoride: considerations
for the ’90s summary. J Public Health Dent 51:60-63, 1991.

39. Bohaty BS, Parker WA, Seale NS, Zimmerman ER: The preva-
lence of fluorosis-like lesions associated with topical and
systemic fluoride usage in an area of optimal water fluorida-
tion. Pediatr Dent 11: 125-28, 1989.

40. Woolfolk MW, Faja BW, Bagramian RA: Relation of sources of
systemic fluoride to prevalence of dental fluorosis. J Public
Health Dent 49:78-82, 1989.

41. Holm AK, Andersson R: Enamel mineralization disturbances
in 12-year-old children with known early exposure to fluo-
rides. Community Dent Oral Epidemiol 10:335-39, 1982.

386 PEDiATRiC DENTISTRY: NOVEMBER/DECEMBER, 1992 N VOLUME 14, NUMBER 6



42. Szpunar SM, Burt BA: Dental caries, fluorosis, and fluoride
exposure in Michigan schoolchildren. J Dent Res 67:802,,-06,
1988.

43. Driscoll WS, Horowitz HS, Meyers RJ, Heifetz SB, Kingman
A, Zimmerman ER: Prevalence of dental caries and dental
fluorosis in areas with optimal and above-optimal water
fluoride concentrations. J Am Dent Assoc 107:42-47, 1983.

44. Osuji OO, Leake JL, Chipman ML, Nikiforuk G, Locker D,
Levine N: Risk factors for dental fluorosis in a fluoridated
community. J Dent Res 67:1488--92, 1988.

45. W61tgens JHM, Etty EJ, Nieuwland WMD, Lyaruu DM: Use
of fluoride by young children and prevalence of mottled
enamel. Adv Dent Res 3:177-82, 1989.

46. Milsom K, Mitropoulos CM: Enamel defects in 8-year-old
children in fluoridated and non-fluoridated parts of Cheshire.
Caries Res 24:286-89, 1990.

Future Annual Session Sites

May 27-June 1, 1993

May 26-31, 1994

May 25-30, 1995

May 24-28, 1996

Hyatt Regency Crown Center

and Westin Crown Center, Kansas City, MO

The Walt Disneyworld Dolphin, Orlando, FL

Hyatt Regency San Francisco, San Francisco, CA

Chicago Marriott Hotel, Chicago, IL

PEDIATRIC DENTISTRY: NOVEMBER/DECEMBER, 1992 -VOLUME 14, NUMBER 6 387


