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Osteosarcoma is not a common cancer in humans but is the most common type of 
cancer that develops in bone.1 About 800 new cases of osteosarcoma are diagnosed each 
year in the United States, and most of them occur in children and young adults between 
the ages of 10 and 30.1 The reported risk factors for osteosarcoma include past treatment 
with radiation therapy, treatment with anti-cancer drugs called alkylating agents, having a 
certain change in the retinoblastoma gene, and having certain conditions like Paget’s 
disease.1 A concern for potential human carcinogenicity of fluoride was first raised in the 
1970s by Yiamouyannis and Burk who reported a greater rate of cancer mortality in areas 
with artificially fluoridated drinking water than in non-fluoridated areas.2,3 Although this 
study and findings were criticized as being at high risk for ecological fallacy later by 
several independent reviews,2,4,5 “equivocal evidence” from laboratory studies conducted 
by the National Toxicology Program (NTP 1991), which indicated an increased incidence 
of osteosarcomas in F344/N male rats administered various level of fluoride in drinking 
water, promoted further investigations in fluoride bone cancer research.2,6 Because of this 
NTP finding and fluoride’s deposition in bone and biological plausibility of affecting cell 
systems,2,7 the relationship between fluoride and osteosarcoma has been studied more 
extensively than other type of cancers. 
 
The majority of available human epidemiological studies concerning fluoride and 
incidence and mortality of osteosarcoma use an ecological or semi-ecological study 
design and show no association.2,7-18 Aside from limitations related to fluoride exposures 
determined by area-fluoridation level in most of studies, there are several inherent 
difficulties for conducting epidemiological research and interpreting fluoride’s 
carcinogenicity. These include but not limited to 1) it’s rare occurrence, which makes 
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statistical inference difficult when associations are weak, 2) latent period in many forms 
of cancers which incur concerns for potential migration of individuals over time thus 
misclassification of exposures when residential histories are not known, and 3) uncertain 
relevance of high-dose toxicological studies in rodents to humans especially when 
epiphyseal plates of long bones, the most common site of childhood osteosarcoma, 
continue to grow throughout the lifetime of rats thus incur greater susceptibility in 
rodents than in humans.7,9 
 
Since the National Research Council (NRC) called for studies with improved assessment 
of fluoride exposure and information collected from individuals to further evaluate the 
potential link between fluoride and osteosarcoma in its 1993 report,2 three studies 
addressed some of the recommendations and reported conflicting findings. Gelberg and 
colleagues (1995) conducted a population-based case-control study and interviewed 
subjects of childhood osteosarcoma survivors and parents of those deceased identified in 
the state cancer registry database as well as randomly selected, pair-matched control 
subjects, identified in the state live birth records. Their study showed that the estimated 
dose of lifetime fluoride exposure was not associated with the risk of osteosarcoma, 
while their data from parent interview indicated a protective effect of fluoride exposure 
to osteosarcoma risk in males.19 Meanwhile, Bassin and colleagues (2006) reported the 
association between osteosarcoma and age-specific fluoride exposure, determined by the 
subject interviews, among males based on the preliminary analysis of data from the 
Harvard Fluoride Osteosarcoma study, a multi-center, hospital-based case-control 
study.20 The second Harvard study by Kim and colleagues (2011) used bone fluoride 
levels to determine fluoride exposure and showed no significant association between 
bone fluoride levels and osteosarcoma.21 While each of these three case-control studies 
had different strength and limitations, the use of biological marker of lifetime fluoride 
exposures and histologically confirmed osteosarcoma outcomes in Kim’s study provided 
significant value and confidence in reducing misclassifications. 
 
In summary, accumulated epidemiological research offers weighty evidence indicating 
that optimally fluoridated drinking water would not pose detectable risk of osteosarcoma 
while there is no absolute evidence to rule out fluoride’s carcinogenicity or genotoxicity. 
A margin of safety is evident since fluoride exposure is prevalent and osteosarcoma 
remains a rare occurrence in the US over the last 70 years. 
The following section shows the summaries of selected systematic reviews on this topic: 

MCDONAGH ET AL. 20008 

The authors evaluated 11 studies that reported the association of water fluoridation and 
osteosarcoma, bone and joint cancer incidence and mortality that were published before 
2000. Of these, 7 studies were on osteosarcoma, and 6 of them presented variance data. 
Only one of them (Cohn 1992), given the lowest validity score among all 6 studies, found 
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a statistical significance in the association between fluoridation and increased prevalence 
of osteosarcoma in males. The overall direction of the association was mixed: Among 12 
analyses the authors performed, 7 found negative (fewer cancers) relationship, and 3 and 
2 analyses found positive (more cancers) and no relationship, respectively.  Along with 
the systematic reviews of studies on all-cause cancers, the authors concluded that no clear 
association between water fluoridation and increased cancer incidence or mortality was 
apparent. 

NRC REPORT 20067 

Responding to the request from the US Environmental Protection Agency (EPA), the 
NRC convened the Committee on Fluoride in Drinking Water and reviewed toxicologic, 
epidemiologic, and clinical evidence on fluoride, especially those published after the 
NRC’s 1993 Report, to determine if EPA’s current Maximum contaminant level (MCL) 
of 4mg/L for fluoride is acceptable for protecting the public from potential adverse 
health effects, including cancers. 

• The committee found some new human in-vivo studies published since the last 
NRC report on genotoxicity of fluoride, however the inconsistencies in the results 
did not enable a straightforward evaluation of fluoride’s practical genotoxic 
potential in humans. The results in in-vitro systems are also inconsistent and do 
not strongly indicate the presence or absence of genotoxic potential for fluoride. 

• The committee provided in-depth review of two animal carcinogenicity studies 
(NTP 1990 and Maurer 1990, 1993) that have been evaluated previously in the 
1993 report. The studies conducted by NTP indicated a possible increase in the 
incidence of osteosarcomas in F344/N male rats.22 However, the studies 
conducted by Maurer and colleagues, funded by Procter & Gamble, which used 
higher doses of fluoride administered in the diet than those administered in 
drinking water in the NTP study, did not confirm the prior NTP findings.23,24 

• The committee provided reviews of available human epidemiological studies on 
bone and joint cancers, particularly osteosarcoma, including the preliminary 
findings of two Harvard fluoride-osteosarcoma studies and loaded a hope of more 
evidence available in the near future. 
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SUTTON ET AL. 20159 

The authors reviewed scientific evidence to inform the Ireland Department of Health 
with regard to any impact, positive and or negative, on the general health of those 
exposed to community water fluoridation at the levels of 0.4-1.5 ppm. Based on the 
existing literature available before 2015, this report concluded that the effects of fluoride 
in drinking water on osteosarcoma incidence are mixed and no link has been proven. The 
authors recommended a good quality longitudinal research to affirm or rule out these 
suggested fluoride bone cancer links. 
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