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Bone Strength vs Bone Fluoride
(figure from Chachra 2010)

Bivariate model, Bone Strength vs Bone Fluoride
including 2 highest bone F

(data extracted from Chachra 2010, 2001)

Multivariable linear regression model
Bone Strength vs Bone Fluoride
controlling for City, Sex, and Age

(data extracted from Chachra 2010, 2001)

Conclusions:
–>  After controlling for Age, City, and Sex, the adverse association between bone fluoride

and weaker bone increased in magnitude and statistical significance.
–>  Age does not explain the relationship between bone fluoride and bone strength. 

Multivariable Regression Model
Generalized Linear Model Fit

n = 91 Response: Ultimate Compressive Stress, UCS (MPa)

Parameter Estimates
Term Beta Lower 95%CI Upper 95%CI Prob > ChiSq

Bone F (per 100 ppm) -0.40 -0.70 -0.20 0.0004
City (ref = Toronto) -1.07 -1.99 -0.15 0.0229
Sex (ref = Male) -0.63 -1.42 -0.16 0.1160
Age (yrs) -0.007 -0.080 -0.066 0.8468

Objective: Recent studies of US children and Swedish postmenopausal women found 
associations between commonly experienced fluoride exposures (≤1mg/L) and increased 
risk of bone fractures [Lindsay et al 2023, Helte et al 2021]. While these studies estimated 
exposures from drinking water or urine fluoride concentrations, bone fluoride is a more 
direct measure of long-term exposure to the target tissue. We therefore re-analyzed 
published data on bone fluoride and bone strength from a study of bone samples obtained 
from 92 patients undergoing hip replacement surgery in fluoridated Toronto and non-
fluoridated Montreal, adding control for age, sex, and city which the original study did not 
control for [Chachra et al 2010, Chachra 2001]. 

Material and Methods: Data was extracted from published scatterplots using digitizing 
software, and matched across variables common to two or more scatterplots to determine 
variable values for each patient. Our re-analysis assessed bone strength (Ultimate 
Compressive Stress or UCS) as a function of bone fluoride concentration, controlling for 
age, sex, and city using Generalized Linear Models. 

Results: Higher bone fluoride had a large and highly significant association with reduced 
bone strength measured as UCS when controlling for age, sex, and city. The model 
predicted a decrease in UCS from 10.9 to 3.0 MegaPascals (MPa) as bone fluoride 
increased from 200 to 2,000 ppm. In the multivariable model, age had no effect on bone 
strength; estimated UCS for Montreal was 1.1 MPa lower than Toronto; and females had 
0.6 MPa lower UCS than males. 

Conclusion: Bone fluoride had a large and significant adverse association with bone 
strength after controlling for age, sex, and city. This adverse association found in human 
bone samples is consistent with the increased risk of bone fractures found in both children 
and postmenopausal women in two recent epidemiological studies where the main 
exposure source was also water fluoride ≤1mg/L.
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Summary Bivariate Fit of UCS (MPa) By bone F (ppm)
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Summary Statistics

Correlation
Covariance
Count

Value
-0.31528
-510.726

91

Lower 95%
-0.48945

Upper 95%
-0.11693

Signif. Prob
0.0023*

Variable
bone F (ppm)
UCS (MPa)

Mean
862.9239
7.664758

Std Dev
406.0509
4.068699

Linear Fit
UCS (MPa) = 10.414806 - 0.0032219*bone F (ppm)

Summary of Fit
RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

0.099
0.089
3.883
7.665

91
Parameter Estimates
Term
Intercept
bone F (ppm)

Estimate
10.414806
-0.003222

t Ratio
10.77
-3.13

Prob>|t|
<.0001*
0.0023*

Lower 95%
8.4929134
-0.005265

Upper 95%
12.336699
-0.001179

R2 = 0.099
p < 0.05*

R2 = 0.048
p < 0.05*

P18-05

Generalized Linear Model Fit. Chachra data.
Overdispersion parameter estimated by Maximum Likelihood
Response: UCS (MPa)
Distribution: Normal
Link: Identity
Estimation Method: Maximum Likelihood
Observations (or Sum Wgts) = 91

Prediction Profiler. Age and Bone F set at means, City=Toronto, Sex=female.
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Bone F and Age at mean values; City=Toronto; Sex=female.
Similar slopes for Montreal and males (not shown).

p = 0.0004* p = 0.85
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