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Dietary Fluoride Related to Fluoride Content of Teeth C. G. ELLIOTT and M. DOREEN SMITH Department of Food Chemistry, University of Toronto, Toronto, Ontario



Storage of fluorine in hard tissues of the human body is recognized as one of the phenomena associated with the metabolism of this element. Long-term consumption of water containing 1 ppm fluoride has been shown by analysis to increase the fluoride content of tooth structure. Dietary fluoride levels are probably related to amounts found in teeth as well, but, except for a report from Tristan da Cunha' suggesting this, there is no direct proof. The Canadian province of Newfoundland, like Tristan da Cunha, is insular, and its inhabitants are accustomed to a diet high in fish and tea, both of which could contribute appreciable amounts of fluoride to the daily intake. Fortunately, a number of surveys and reports concerning dietary conditions and habits in this province have been made.2-6 The availability of such dietary information and of tooth samples for analysis from Newfoundland permitted the study reported here. Data determined by analysis of similar teeth from the central Ontario cities of Toronto and Sarnia were also available7 and so could serve as a control representing exposure to a low-fluoride diet in comparisons with the Newfoundland teeth exposed to a higher-fluoride diet. The work reported was an attempt to correlate dietary fluoride level with that found in human dentin and enamel. DIETARY INFORMATION



In Newfoundland the flour consumed contributes to dietary fluoride. Since 1947 it has contained a calcium supplement of 0.5 per cent bone meal, which supplies fluoride to the diet in addition to that derived from tea and fish. This is of added importance because the nutritional surveys reported consumption of large amounts of bread and pastry in Newfoundland due to economic conditions and dietary habits.* The diet of the large majority of Newfoundlanders at the time of the surveys (194548) was necessarily unvaried because of limited local production and transportation difficulties. This allowed Adamson et al.2 and Cuthbertson8 to estimate the average daily consumption of various foodstuffs available in Newfoundland. From data of McClure9 and others the approximate intake of fluoride from these sources can be calculated (Table 1) and appears to be about 1.74 mg. per day. The reports from Newfoundland also indicate that 1-2 cups of tea per meal are consumed even by very young children. Ham and Smith,10 in their balance studies on young women, showed that the addition of 6-8 cups of tea per day to a normal diet inReceived for publication July 13, 1959; revised by authors September 28, 1959. * Total dietary carbohydrate 67 per cent, as compared with 51 per cent in United States and Canada (see Ref. 5). 93
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creased fluoride intake by 0.9-1.2 mg. per day. Forty-six per cent of such ingested fluoride was retained, suggesting that tea supplies appreciable fluoride for absorption into bones and teeth. If an average of 6 cups of tea per day is consumed in Newfoundland, the daily fluoride intake would be increased to approximately 2.74 mg. fluoride per day. The usual diet of central Ontario supplies about 0.25-0.50 mg. fluoride per day, which is an average figure as determined from studies listed in Table 2. Occasionally the daily intake would rise above this level when high-fluoride foods such as fish, spinach, or tea are consumed; on some days intake would be considerably lower. It is TABLE 1 AVERAGE DAILY INTAKE OF NUTRIENTS IN NEWFOUNDLAND (ADAMSON et al. [21) Oz/day



Food



5.5 ... Dairy 2.0 ... Meat (boneless) 3.1 Fish (cod) .......... 0.2 ... ..... Eggs .... 1.8 ... Fats and oils . . . 3.9 Sugars and syrups 12.3 . Potatoes . .. 1.7 ... Grain products . . .12.0 White flour* Ingestion fluoride per day without tea Total ingestion including 6 cups of tea per day .................



..........



Gm.



Ppm F



Mg. F



150 56 87 6



0.09 1.00 7.00 0.60



0.013 0.056 0.609 0.004



..........



..........



344 48 336



....................



..........



...........



0.04 1.00 3.00



. .. ..................



......



0. 014 0.048 1.00 1.74 2. 74



* Flour enriched with 0.5 per cent bone meal. Depending on the sample, the fluoride content appears to vary from 2 to 4 ppm.



TABLE 2 AVERAGE DAILY FLUORIDE INTAKE FROM NORMAL DIET Sources of Information



Armstrong and Knowlton (1942) (11) ............ McClure (1949) (12) ........................... Ham and Smith (1950) (13) ................... ............. Ham and Smith (1954) (10) .......



Mg. Fluoride Ingested per Day



0.27-0.32 .25- .55 18- .30* 0. 43-0. 73t



* Assay of typical restaurant meals in Toronto. No tea. t Assay of meals used in balance studies of three young women in Toronto.



not likely that much more than 1 mg. fluoride per day would be ingested by individuals in Ontario, even if tea at each meal is included in the total. Neither Toronto nor Sarnia, communities compared with Newfoundland in this study, have appreciable fluoride in their respective water supplies. Comparison of dietary fluoride intake in the two areas shows that people of Newfoundland would apparently get twice as much fluoride in the diet as those in central



Ontario. MATERIALS AND METHODS



Forty-two teeth (34 first molars, 3 second molars, 4 first bicuspids, and 1 second bicuspid) were secured from St. John's, Newfoundland, an area with no fluoride in the water supply.14 These teeth, extracted from children between the ages of eight and
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seventeen because of severe caries, had been exposed to the flour additive, bone meal, for 8 years and to the other fluoride sources for longer periods of time. The teeth were selected at random, cleaned, ground to powder in a Wiley mill, and separated into enamel and dentin by the method of Manly and Hodge.15 Samples were ashed, and distillation from perchloric acid was carried out following the official method of the Association of Official Agricultural Chemists.'6 Final assay of the distillates was done by Megregian's method," using a Beckman DU spectrophotometer. The ppm fluoride value determined for enamel and dentin of each tooth is plotted in Figures 1 and 2, respectively (ppm fluoride versus age of child in months). Linear reJ
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gression equations were calculated for each set of data (enamel and dentin), and the slopes (linear regression coefficients) obtained were tested for significance by comparison with zero in a t-test-t - (b - 0)/s.e. b.* The regression lines were also plotted in the figures. RESULTS



Enamel.-The linear regression equation (y - 67 + 0.13x; s.e. of estimate - 25) showed a very slight slope of 0.13 ± 0.14 s.e., representing increase in fluoride content of enamel per month. A t-test of the significance of this increase gave a value of t 0.93 (38 D.F.), indicating a probability of about 25 per cent that a slope of zero would be observed for this data. The slope of the regression line is not significant, therefore, and so it was assumed to be zero when plotted in Figure 1. TABLE 3 AVERAGE FLUORIDE CONTENT OF DENTIN AND ENAMEL OF CHILDREN'S TEETH (AGE 8-17) Enamel (Mean±s.e. Ppm Fluoride)



city



No. of Teeth in Sample



46±3 66 ....................... 22 Samnia ........................ 48±7 . .......6 67±4 St. John's (Newfoundland) 40



Toronto



47+3 Toronto-Sarnia (combined). Stratford (1.3 ppm fluoride in water supply) .12816...................



88 325 11



Dentin (Mean+s.e. Ppm Fluoride)



No. of Teeth in Sample



91±6 104±9 164±9



69 24 42



94 ±5



93



11 ±28



Dentin.-The regression equation (y 23 + 0.95x; s.e. of estimate- 55) determined for the dentin values gave a slope of 0.95 ± 0.31 s.e. This value represents an increase of 11.4 ppm fluoride in dentin per year. A t-test of the significance of this increase gave a value of 3.09 (40 D.F.), which is greater than the critical 1 per cent t-value of 2.71. The slope of the regression line, showing average increase in fluoride content of dentin with age, is therefore significant. Comparison of averages (Toronto-Sarnia and Newfoundland) .-As mentioned above, previous work in this laboratory has provided data on the fluoride content of dentin and enamel from various districts in Ontario.7 Two of these, Toronto and Sarnia, although separated geographically, are similar with respect to the dietary habits of the populace and lack of fluoride in the water. A third city, Stratford, while resembling the other cities in diet, has 1.3 ppm natural fluoride in the water supply.13 Data from here are reported for comparison. Since the tooth samples from St. John's, Newfoundland, and the above Ontario cities were evenly distributed over the age range eight to seventeen, a mean value for the ppm fluoride content of dentin and enamel was calulated for this age interval from each set of data. These averages are presented in Table 3. They were compared by a t-test to determine whether they differed significantly from each other, Toronto and Sarnia representing exposure to a low-fluoride diet and St. John's to a high-fluoride diet. Comparison of the Toronto and Sarnia averages for enamel and dentin showed that *



s.e.



=



standard error; b



-



linear regression coefficient.
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they did not differ significantly from each other, and so these two groups of Ontario data were combined for comparison with the Newfoundland data. Comparison of the means of Newfoundland and Toronto-Sarnia enamels gave a t-value of 3.3 7 (120 D.F.), significant at the 1 per cent level. Comparison of the dentin averages of these two gave a t-value of 6.94 (133 D.F.), again highly significant. It may be concluded, therefore, that the teeth of St. John's, Newfoundland, children contain significantly more fluoride than do those of Toronto-Sarnia children of the same age. DISCUSSION



The findings for St. John's, Newfoundland, enamel suggest either no increase in fluoride content after a certain age or an increase too gradual to be measurable. The fact that little replacement of the constituents of enamel takes place after calcification and eruption of a tooth suggests that the observed deposition of fluoride occurred during calcification and subsequently either ceased or progressed at a very slow rate. Absorption of dietary fluoride on the enamel surface of the teeth may also take place, but the data cannot give any measure of its importance. Examination of the St. John's dentin results shows that the ppm fluoride in dentin of children's teeth increases with the age of the child. A definite relationship between levels of fluoride occurring in the diet and amounts found in dentin is therefore probable. A similar relationship has been observed for water-borne fluoride and fluoride in dentin.7"8 The average increase in fluoride content of St. John's dentin is found to be 114 ppm for a 10-year period. It would be interesting to determine whether the rate of accumulation of fluoride in dentin is maintained during the life of the individual. A study to investigate this is at present under way in our laboratory. The fluoride responsible for the significantly greater amounts observed in Newfoundland teeth as compared with Toronto-Sarnia teeth must have been absorbed from highfluoride foods in the Newfoundland diet (tea, fish, and bone meal), since there is no other source. The diet in Toronto-Sarnia does not produce the fluoride level observed in St. John's teeth. This finding suggests that in planning a program of public water fluoridation the dietary habits of the populace may have to be considered so as to avoid the slight excesses of fluoride that can cause some individuals to develop fluorosis. Table 3 shows that Stratford averages for fluoride content of dentin and enamel resulting from consumption of water-borne fluoride are much higher than those produced by ingestion of dietary fluoride in St. John's. It is known that 1 ppm fluoride in the water supply will decrease caries incidence, and this amount caused the levels of fluoride observed in Stratford dentin and enamel. It would seem that the fluoride content of St. John's teeth is not high enough to have any caries-reducing effect. Investigation of this point might be useful. SUMMARY



1. Each of 42 permanent teeth extracted from children in St. John's, Newfoundland, was separated into enamel and dentin, and the two fractions were analyzed for fluoride. The analytical results were compared statistically with results from similar assays of teeth from Ontario cities. The St. John's teeth were exposed to a high-fluoride diet, while those from. Ontario represent exposure to a low-fluoride diet.
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2. It is concluded that some of the fluoride present in the foods-tea, fish, and bone meal-can be absorbed and retained in human teeth. 3. Evidence presented indicates that the use of these high-fluoride-content foods in the diet leads to an increased level of fluoride in the dentin and enamel of children's teeth in St. John's, as compared with teeth from children on the low-fluoride Ontario diet. 4. The amount of fluoride in the dentin of children's teeth in St. John's is found to increase with the age of the child. We are indebted to Dr. H. K. Brown, of the Department of National Health and Welfare (Canada), who made it possible for us to obtain the teeth used in this study. REFERENCES 1. SOGNNAES, R. F.: A Condition Suggestive of Threshold Dental Fluorosis Observed in Tristan da Cunha, J. D. Res., 20:303, 1941. 2. ADAMSON, J. D., JOLLIFFE, N., KRUSE, H. D., LowRY, 0. H., MOORE, P. E., PLATT, B. S., SEBRELL, W. H., TICE, J. W., TISDALL, F. F., WILDER, R. M., and ZAMECNIK, P. C.: Medical Survey of Nutrition in Newfoundland, Canad. Med. A. J., 52:227, 1945. 3. SCOBIE, K., BURKE, B. S., and STUART, H. C.: Studies of Nutrition in Newfoundland Children, Canad. Med. A. 1., 60:233, 1949. 4. GOLDSMITH, G. A., DARBY, W. J., STEINKAMP, R. C., BEAM, A. S., and McDEvITT, E.: Resurvey of Nutritional Status in Norris Point, Newfoundland, J. Nutrition, 40:41, 1950. 5. MELLANBY, H.: Dental Conditions with Associated Signs of Nutritional Deficiencies in Newfoundland Children, Arch. Dis. Children, 27:273, 1952. 6. TUNG, Yu LIN, and SMITH, M. D.: Diet and Dental Health in Newfoundland Children, Canad. J. Pub. Health, 49:516, 1958. 7. SMITH, M. D.: Fluoride Content of Enamel and Dentin of Teeth from Toronto, Sarnia, Brantford, and Stratford: Report to the Associate Committee on Dental Research (Canada), March, 1953. 8. CUTHBERTSON, D. P.: Report on Nutrition in Newfoundland, Dominions Office No. 4, London, England, 1947, Her Majesty's Stationery Office. 9. MCCLURE, F. J.: National Institute of Health Bull. No. 172, 1939. 10. HAM, M. P., and SMITH, M. D.: Fluorine Balance Studies on Three Women, J. Nutrition, 53:225, 1954. 11. ARMSTRONG, W. K., and KNOWLTON, M.: Fluorine Derived from Food, J. D. Res., 21:326, 1942. 12. MCCLURE, F. J.: Fluorine in Foods: Survey of Recent Data, U.S. Pub. Health Repts., 64:1061, 1949. 13. HAM, M. P., and SMITH, M. D.: Fluoride Related to the Human Diet, Canad. J. Res., 28:227, 1950. 14. McDERMOTT, K. D.: Private communication from report of the Department of Mines and Technical Surveys (Newfoundland), June, 1958. 15. MANLY, R. S., and HODGE, H. C.: Density and Refractive Index Studies of Dental Hard Tissues. II. Methods of Separation and Determination of Purity, J. D. Res., 18:133, 1939. 16. Official and Tentative Methods of Analysis of the Association of Official Agricultural Chemists, 1955. 17. MEGREGIAN, S.: A Rapid Spectrophotometric Determination of Fluorides with Zirconium-Eriochrome Cyanine R Lake, Anal. Chem., 26:1161, 1954. 18. MCCLURE, F. J., and LIKINS, R. C.: Fluorine in Teeth in Relation to Fluorine in the Drinking Water, J. D. Res., 30:172, 1951.
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