Community Dental Health (2017) 34, 27–31
Received 11 February 2016; Accepted 4 April 2016

© BASCD 2017
doi:10.1922/CDH_3943Norman05

Urinary fluoride excretion in preschool children after intake of
fluoridated milk and use of fluoride-containing toothpaste
M. Norman1, S. Twetman2, A. Hultgren Talvilahti3, E. Granström4 and C. Stecksén-Blicks4
Public Dental Health Service, County of Dalarna, Sweden; 2Department of Odontology, University of Copenhagen, Denmark; 3Public Dental
Health Service, Pediatric Dentistry, County of Dalarna, Sweden; 4Department of Odontology, Pediatric Dentistry, Umeå University, Sweden
1

Objective: To assess the urinary fluoride excretion in preschool children after drinking fluoridated milk with 0.185 mg F and 0.375 mg F
and to study the impact of use of fluoride toothpaste. Basic research design: Double-blind cross-over study. Participants: Nine healthy
children, 2.5-4.5 years of age. Intervention: In a randomized order, participants drank 1.5 dl milk once daily for 7 days with no fluoride
added (control), 0.185 mg fluoride added and 0.375 mg fluoride added. The experiment was performed twice with (Part I) and without
(Part II) parental tooth brushing with 1,000 ppm fluoride toothpaste. The fluoride content in the piped drinking water was 0.5 mg F/L.
Main outcome measure: Urinary fluoride excretion. Results: The 24-hour urinary fluoride excretion/kg body weight varied from 0.014
mg F for the placebo intervention and non-fluoride toothpaste to 0.027 mg F for the 0.375 mg intervention with use of 1,000 ppm fluoride
toothpaste. The difference compared with the placebo intervention was not statistically significant for any of the interventions when fluoride
toothpaste was used (p>0.05) while it was statistically significantly different when non-fluoride toothpaste was used (p<0.05). Conclusions:
All sources of fluoride must be considered when designing community programs. With 0.5 mg F/L in the drinking water and daily use
of fluoride toothpaste, most children had a fluoride intake optimal for dental health. In this setting, additional intake of fluoride milk was
within safe limits up to 0.185 mg/day while conclusions about the safety of 0.375 mg/day were uncertain.
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Introduction
The role of fluoride in caries prevention is well established
and an adequate, regular intake of fluoride is beneficial for
maintenance of dental health. The caries-preventive role
of fluoride is mainly topical whereas excessive fluoride
intake during tooth formation can cause dental fluorosis
which is a systemic side-effect. This is manifested as a
developmental disturbance that makes enamel more porous. In mild fluorosis, there are white opaque striations
across the enamel surface, whereas in more severe cases,
the porous regions increase in size with enamel pitting and
secondary discoloration of the enamel surface (Bronckers
et al., 2009). A total daily intake of 0.05 to 0.07 mg F/
kg body weight is suggested as optimal for dental health
during tooth formation ages while a daily intake of 0.1 mg
F/kg body weight is defined as an upper safe level (Burt,
1992). Fluoride is ingested from water, foods, toothpaste,
and other agents. It is estimated that around 90% of the
ingested fluoride is absorbed by healthy children of which
55% is retained in the body when the total daily intake is
above 0.5 mg (Villa et al., 2010, Zohoori et al., 2013). The
metabolism of fluoride may be affected by many factors
including genetics, diet, urinary flow rate and renal tubular
fluid pH (Whitford, 1966). Urinary fluoride excretion is the
most important metabolic pathway for fluoride elimination
from the body in children and adults and it is estimated
that approximately 35 % of ingested fluoride is excreted in
the urine of children (Rugg-Gunn et al., 2011; Villa et al.,
2010). The World Health Organization, WHO (2014) has

issued standards for 24-hour urinary fluoride excretion with
an optimal fluoride intake. These values range between 0.30
to 0.41 mg F/24h for the age group 2-4 years and between
0.33 and 0.45 mg F/24h for children aged 3-5 years.
Milk has been recognized as a vehicle for community
based administration of fluoride to reduce the burden of
dental caries in children (Banoczy et al., 2013; Cagetti et al.,
2013; Petersen et al., 2015; Yeung et al., 2015). The amount
of fluoride added to milk should depend on background
fluoride exposure and age of the children and fluoride has
been added to milk in caries preventive programmes in the
range of 0.5 to 1.0 mg per day (Banoczy et al., 2013). In a
study by Ketley et al. (2002) children with a low level of
fluoride in the drinking water (<0.1 mg/L) drank fluoridated
milk with 0.5 mg F. When data were corrected for age and
fluoride excretion from toothpaste the fluoride intake in the
children drinking fluoridated school milk was somewhere
between those living in an optimally fluoridated area and
those in a low fluoride area. As dental caries experience is
cumulative from an early age (André Kramer et al., 2014)
there are clear benefits of including children soon after tooth
eruption in such milk programmes. This, however, increases
the concern for fluoride toxicity for the individual child and
a lower fluoride concentration may be more appropriate for
the youngest age groups. The aim of the present study was
to assess the urinary fluoride excretion in children aged 2.54.5 years after a daily intake of fluoridated milk with 0.185
mg F and 0.375 mg F and to compare the levels with and
without use of fluoride toothpaste.
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Material and methods

samples were kept frozen at -20 C° until all samplings
had been collected. For analysis of the urine fluoride
content, l ml urine was mixed with 1 ml TISAB II
and the fluoride content was read with an ion-sensitive
electrode (Orion research Inc. Cambridge, Mass, USA).
The electrode was calibrated with distilled ionized water
and standards of 0.01, 0.1, 1.0 and 10 mg F/L. Standard
curves were performed before each reading session. All
readings were performed in duplicate and the mean of
the two readings was calculated. To translate the mV
value to mg/L the program FLUORBAS was used. The
program has been developed and validated by Mr. Rolf
Sjöström at the biochemical laboratory at the Department
of Odontology, Umeå University.
Data were analysed using PASW v22.0 statistics
software. The total ingested fluoride/24 hour (TDFI) was
calculated according to the formula by Villa et al. (2010)
where Daily Urinary Fluoride Excretion (DUFE) = Total
Daily Fluoride Intake (TDFI) x 0.35 + 0.03. The contribution of fluoride from toothpaste was calculated as the
difference between the total estimated ingested fluoride with
and without fluoride toothpaste usage in the placebo test
group. The paired sample t-test was used for comparisons
between test groups and Pearson correlation coefficient
was calculated on the correlation between total ingested
fluoride and ingested fluoride from toothpaste. A p-value
of less than 0.05 was considered as statistically significant.

Participants were 9 healthy children aged 31-56 months,
mean age 44.4 (SD 9.5) months. Their mean body weight
was 18.4 (2.0) kg, range 15-22 kg. The fluoride content
in their piped drinking water was 0.5 mg F/L. The study
was approved by the Regional Ethical Review Board
in Umeå, Sweden (Dnr 2013-39-32M). Parental signed
informed consent was received before participation.
The study had three arms and was conducted with
a double-blind crossover design (Figure 1) with two
different toothpaste regimens; Part I with parental tooth
brushing with 1,000 ppm fluoride toothpaste two times
per day, and Part II with parental tooth brushing with
non-fluoride toothpaste two times per day. No other fluoride supplements were given during or between the test
periods. After a one week run-in period, the children were
served 1.5 dl milk once daily at home for 7 days with
no fluoride added, 0.185 mg fluoride added and 0.375
mg fluoride added. The milk was served in a randomized
order in a double-blind way and none of the parents, the
providers or the analyst knew the fluoride content of the
milk. The allocation concealment was secured through
an independent monitor at the university. The three test
sessions were separated by one-week wash-out periods
when the children used toothpaste with 1,000 ppm sodium
fluoride toothpaste (Part I) or non-fluoride toothpaste
(Part II). Both toothpaste products were provided by
the investigators. Parents were instructed to use a peaResults
sized amount of toothpaste for each brushing. Fluoride
for milk supplementation was provided in standardized
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Figure 2. Box-plots of estimated ingested fluoride (F/24 hour/kg body weight) in children aged 2.5-4.5
0.12

Key:

Table 1. Mean and standard deviation (sd) for 24 hour fluoride excretion and estimated total ingested F/24 h with and without use of
fluoridated toothpaste with 1,000 ppm twice daily and fluoride level in drinking water 0.5 mg F/L in children aged 2.5-4.5 years.
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while the differences were statistically significant when nonfluoride toothpaste was used (p<0.05). The 24-hour urinary
fluoride excretion/kg body weight varied from 0.014 mg
F for the placebo intervention and non-fluoride toothpaste
to 0.027 mg F for the 0.375 mg intervention with use of
1,000 ppm fluoride toothpaste. The differences compared
with the placebo intervention were not statistically significant for any of the interventions when fluoride toothpaste
was used (p>0.05) while it was statistically significantly
different when non-fluoride toothpaste was used (p<0.05).
The estimated mean 24-hour ingestion of fluoride is
presented in Table 1 and per kg body weight in Figure 2.
The values ranged from 0.01 mg/kg body weight to 0.12
mg/ kg body weight across the intervention groups and
toothpaste regimens. When the control milk interventions
during Part I and Part II were compared, the contribution
of fluoride from toothpaste in relation to the estimated total
ingested amount of fluoride was 23%. As shown in Figure
3, there was a statistically significant correlation between the

estimated ingested amount of fluoride and the percentage
contribution of fluoride from toothpaste (r=0.845; p<0.01).

Discussion
The distribution of dental caries in many countries is
unequal with a strong socio-economic gradient (Piovesan
et al., 2014; Schwendicke et al., 2015; Stecksén-Blicks
et al., 2014; Sutthavong et al., 2010). To reduce dental
health inequalities among children, development of
population based preventive strategies are fundamental
and there is scientific evidence that supports fluoride
technologies (Twetman, 2015). However, monitoring
fluoride exposure and excretion is an important part of
community-based fluoride supplementation programmes
and fluoride excretion in urine can be considered a useful biomarker of fluoride exposure, as urine is the most
important metabolic pathway for removal of absorbed
fluoride from the body (Maguire and Zohoori, 2013).
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Figure 3. Estimated total ingested fluoride in the placebo arm and the contribution of fluoride from toothpaste
in nine children aged 2.5-4.5 years
2.00
is in line with WHO recommendations (World Health
Organization, 2014). In the 0.185 mg F intervention
1.75
group with use of fluoride toothpaste the mean intake
was 0.07 mg F/kg body weight while the corresponding
value was 0.075 mg F/kg body weight in the 0.375 mg F
1.50
intervention group. In the intervention groups, there was
one child with a calculated 24 h fluoride intake slightly
1.25
above the upper safe limit of 0.1 mg/kg body weight and
this was the child with highest contribution of fluoride
1.00
from toothpaste (87%). There were suboptimal intakes in
r=0.845
all groups mainly when fluoride toothpaste was not used.
p<0.01
0.75
The present data suggest that fluoride interventions with
up to 0.185 mg F/day are within safe limits for children
-50
-25
0
25
50
75
100
Percent from toothpaste
weighing 15-22 kg who use fluoride toothpaste according
to recommendations for the age group and consume water
Figure
3.
Estimated
total
ingested
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in
the
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NB: The fluoride level in drinking water was 0.5 mg F/L
with 0.5 mg F/L (0.5 ppm F). Milk fluoridation programmes
arm and the contribution of fluoride from toothpaste in nine
children aged 2.5-4.5 years
with higher levels of fluoride for this age group should
therefore primarily be directed to vulnerable children with
non-regular use of fluoride toothpaste and low levels of
fluoride in the drinking water.
All parents were given thorough instruction to use a
This study therefore determined urinary fluoride excrepea-sized amount at each brushing but we were unable
tion in preschool children after intake of fluoridated
to measure the exact amount of toothpaste used. It is
milk. Urinary creatinine values were fairly stable on
therefore possible that such individual variations may have
individual basis between the samplings indicating valid
influenced the results. Furthermore, the intake of water and
24-hour collections (World Health Organization, 2014).
food was not standardized during and between the differThe number of subjects was however limited as 24-hour
ent test periods in order to reflect the real life situation.
urine collections in children are demanding and burdenThis may explain why the contribution of fluoride from
some on families. The power was however sufficient to
toothpaste was negative in some cases compared to the
show statistically significant differences in urinary fluoride
regimen with non-fluoride toothpaste. With these limitaexcretion after the different fluoride exposures. To ensure
tions, the contribution of fluoride from toothpaste gives an
that we assessed stable fluoride levels, all intervention
estimated mean value of 0.37 mg F/24 h. Our estimation
lasted for 7 days and there was a one-week wash-out
of ingested fluoride from toothpaste was slightly higher
period between the different interventions.
than values of ingested fluoride from toothpaste reported in
It was clear that the two active interventions added
4-5 year-old Malaysian children using duplicate technique
very little to the total fluoride excretion when fluoride
(Siew Tan and Razak, 2005). That study found a high cortoothpaste with 1,000 ppm was used twice daily against
relation between the amounts of toothpaste dispensed and
a background of 0.5 mg/L in the public drinking waingested in this age group. In our setting, data indicate a
ter; however the interventions resulted in a statistically
close relationship between the total ingested fluoride and
significant increase in urinary fluoride excretion when
the amount of fluoride from toothpaste.
non-fluoride toothpaste was used. In comparison with the
This finding of this study clearly illustrates the fact
WHO standards for urinary fluoride excretion, the placebo
that all sources of fluoride must be considered when
intervention and use of fluoride toothpaste indicated an
designing community programmes. It was concluded that
optimal fluoride intake while the use of non-fluoride
with 0.5 mg F/L in the drinking water and use of fluoride
toothpaste indicated suboptimal intake. When fluoride
toothpaste, most children had an intake of fluoride optitoothpaste was used during the 0.375 mg F intervenmal for dental health. Additional intake of fluoride milk
tion, the urinary excretion was slightly above the upper
was safe up to 0.185 mg/day while conclusions about
margin for optimal intake in some individuals while it
the safety of 0.375 mg/day were uncertain. Suboptimal
was below when non-fluoride toothpaste was used. Thus,
fluoride levels following the fluoride milk interventions
our findings support the suggestion of a dose-related
were found when non-fluoride toothpaste was used.
fluoride balance as shown by Ekstrand et al. (1994) and
Zohoori et al. (2013).
Acknowledgements
According to previous data on the relationship between
urinary fluoride excretion and total fluoride intake, an
We are thankful to the participating children and their paraverage of 35% of the ingested fluoride is excreted in the
ents. The study was financially supported by the Borrow
urine of children (Villa et al., 2010; Rugg-Gunn et al.,
Foundation, Waterlooville, Hampshire, United Kingdom.
2011) and we based our calculation of the total fluoride
intake on this figure. In the present study, the total ingested
References
fluoride from diet, use of 1,000 ppm fluoride toothpaste
twice daily and a background of 0.5 mg F/L in the piped
André Kramer, A.C., Skeie, M.S., Skaare, A.B., Espelid, I. and
Ostberg, A.L. (2014): Caries increment in primary teeth from
drinking was calculated to be 1.065 mg/24 hour. For the
3 to 6 years of age: a longitudinal study in Swedish children.
present age group, this figure corresponds to an optimal
European Archives of Paediatric Dentistry 15, 167-173.
fluoride intake of 0.05 to 0.07 mg/kg body weight which
30

Banoczy, J., Rugg-Gunn, A. and Woodward, M. (2013): Milk
fluoridation for the prevention of dental caries. Acta Medica
Academica 42, 156-167.
Bronckers, A.L., Lyaruu, D.M. and DenBesten, P.K. (2009): The
impact of fluoride on ameloblasts and the mechanisms of
enamel fluorosis. Journal of Dental Research 88, 877-893.
Burt, B.A. (1992): The changing patterns of systemic fluoride
intake. Journal of Dental Research 71, 1228-1237.
Cagetti, M.G., Campus, G., Milia, E. and Lingstrom, P. (2013):
A systematic review on fluoridated food in caries prevention.
Acta Odontologica Scandinavia 71, 381-387.
Ekstrand, J., Fomon, S.J., Ziegler, E.E.and Nelson, S.E. (1994):
Fluoride pharmacokinetics in infancy. Pediatric Research
35, 157-163.
Ketley, C.E., Cochran, J.A., Lennon, M.A., O’Mullane, D.M.
and Worthington, H.V. (2002): Urinary fluoride excretion
of young children exposed to different fluoride regimes.
Community Dental Health 19, 12-17.
Maguire, A. and Zohoori, F.V. (2013): Fluoride balance in infants
and young children in the U.K. and its clinical relevance
for the dental team. British Dental Journal 214, 587-593.
Petersen, P.E., Kwan, S. and Ogawa, H. (2015): Long-term evaluation of the clinical effectiveness of community milk fluoridation in Bulgaria. Community Dental Health 32, 199-203.
Piovesan, C., Tomazoni, F., Del Fabro, J., Buzzati, B.C., Mendes,
F.M., Antunes, J.L. and Ardenghi, T.M. (2014): Inequality
in dental caries distribution at noncavitated and cavitated
thresholds in preschool children. Journal of Public Health
Dentistry 74, 120-126.
Rugg-Gunn, A.J., Villa, A.E. and Buzalaf, M.R. (2011): Contemporary biological markers of exposure to fluoride. Monographs in Oral Science 22, 37-51.
Schwendicke, F., Dörfer, C.E., Schlattmann, P., Foster Page,
L., Thomson W.M. and Paris, S. (2015): Socioeconomic
inequality and caries: a systematic review and meta-analysis.
Journal of Dental Research 94, 10-18.

Siew Tan, B. and Razak, I.A. (2005): Fluoride exposure from
ingested toothpaste in 4-5-year-old Malaysian children.
Community Dentistry Oral Epidemiology 33, 317-325.
Stecksén-Blicks, C., Hasslof, P., Kieri, C. and Widman, K.
(2014): Caries and background factors in Swedish 4-yearold children with special reference to immigrant status.
Acta Odontologica Scandinavia 72, 852-858.
Sutthavong, S., Taebanpakul, S., Kuruchitkosol, C., Ayudhya,
T.I., Chantveerawong, T., Fuangroong, S., Cae-Ngow, S. and
Rangsin, R. (2010): Oral health status, dental caries risk
factors of the children of public kindergarten and schools
in Phranakornsriayudhya, Thailand. Journal of the Medical
Association of Thailand 93 Suppl 6, S71-78.
Twetman, S. (2015): The evidence base for professional and
self-care prevention - caries, erosion and sensitivity. BMC
Oral Health 15 Suppl 1, S4.
Villa, A., Anabalon, M., Zohouri, V., Maguire, A., Franco, A.M.
and Rugg-Gunn, A. (2010): Relationships between fluoride
intake, urinary fluoride excretion and fluoride retention in
children and adults: an analysis of available data. Caries
Research, 44, 60-68.
Whitford, G.M. (1966): Metabolism and toxicity of fluoride.
Basel: Karger.
World Health Organization, WHO (2014): Basic methods for
assessment of renal fluoride excretion in community prevention programmes for oral health. Geneva: WHO.
Yeung, C.A., Chong, L.Y. and Glenny, A.M. (2015): Fluoridated
milk for preventing dental caries. The Cochrane Database
Systematic Reviews 9, CD003876.
Zohoori, F.V., Buzalaf, M.A., Cardoso, C.A., Olympio, K.P.,
Levy, F.M., Grizzo, L.T., Mangueira, D.F., Sampaio, F.C.
and Maguire, A. (2013): Total fluoride intake and excretion
in children up to 4 years of age living in fluoridated and
non-fluoridated areas. European Journal of Oral Sciences
121, 457-464.

31

