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Fluoride’s ability to stimulate bone for-
mation by increasing osteoblast activity has
made it an attractive therapeutic agent to
consider for the prevention and treatment
of osteoporosis.1 Both high dose and slow
release sodium fluoride has been found to
increase trabecular bone mass and may
decrease the frequency of vertebral frac-
tures.2,3 However, despite a modest
increase in PF BMD* following fluoride
therapy, there is no substantial evidence
that fluoride decreases the incidence of hip
fractures.1,2

Low levels of fluoride are ingested on a
daily basis from food, water and denti-
frices. It is estimated that the amount of
fluoride ingested by an individual living in
a Canadian community with fluoridated
water of 1.0 mg/L is approximately 2.7
mg/day.4 It is unknown if long-term expo-
sure to this low level of fluoride has any
effect on skeletal density. 

There is no substantial evidence of an
effect of long-term exposure to fluoridated
water on hip fracture rates: the results are
equivocal.5-7 Similarily, evidence support-
ing a positive effect of low level fluoride on
axial BMD is also limited. There are
reports that fluoride absorption is higher in

greater trabecular bone sites such as the
vertebral bodies as compared to more cor-
tical bone sites.8 Kroger et al.9 found a
small increase in axial BMD in older
women exposed to water fluoridation of
1.0 mg/L compared to those exposed to a
nonfluoridated water supply.

The amount of fluoride in bone corre-
lates positively and exhibits a linear rela-
tionship with the amount of fluoride
ingested from food and water.10 As well,
fluoride has been found to absorb more
rapidly in growing bone than in adult
bone and appears to have its greatest
impact on teeth during the growing
years.4,11 It is possible that exposure to low
level water fluoridation throughout the
growing years would influence skeletal
bone density in young adulthood, at the
crucial time when peak bone density is
achieved.

The cities of Regina and Saskatoon,
only 200 miles apart, are of similar size,
population and climatic conditions.
Regina has never had supplemental fluo-
ride in its water supply and has a natural
occurring fluoride level of < 0.12 to 0.15
mg/L in its water. Saskatoon has had sup-
plemental fluoride in its water since 1954,
at a level of approximately 1.0 mg/L. This
level never exceeds 1.25 mg/L as ensured
by a safety valve and does not go below
0.9 mg/L (Saskatoon Water Treatment
Plant). The purpose of this study was to
investigate the effect of long-term expo-
sure to water fluoridation on BMD in
young adult women. We hypothesized
that BMD in the Saskatoon group would
be higher than in the Regina group and
that the greatest difference in BMD would
be at the highly trabecular bone sites in
the lumbar spine (APS and VLS) as com-
pared to the PF.

A B S T R A C T

Introduction: Osteogenic effects of therapeu-
tic fluoride have been reported; however, the
impact of exposure to low level water fluori-
dation on bone density is not clear. We
investigated the effect of long-term exposure
to fluoridated water from growth to young
adulthood on bone mineral density (BMD).
Methods: BMD was measured in 24 healthy
women from Regina (fluoride 0.1 mg/L) and
33 from Saskatoon (fluoride 1.0 mg/L), with
no differences between groups for height,
weight, lifestyle or dietary factors.
Results: Saskatoon women had significantly
higher mean BMD at total anterior-posterior
lumbar spine (APS) and estimated volumet-
ric L3 (VLS), with no difference at total
body (TB) or proximal femur (PF).
Conclusion: Exposure to water fluoridation
during the growing years may have a positive
impact on axial spine bone density in young
women.

A B R É G É

Introduction : Des effets ostéogénétiques du
fluorure thérapeutique ont été signalés;
cependant, l’influence d’une exposition à un
faible niveau de fluoruration de l’eau sur la
densité osseuse n’est pas claire. Nous avons
étudié les effets d’une exposition de longue
durée à l’eau fluorée sur la teneur minérale de
l’os, pendant les années de croissance.
Méthodes : Chez 24 femmes en santé venant
de Regina, on a mesuré la teneur minérale de
l’os (fluorure 0,1 mg/l) ainsi que chez 33
femmes venant de Saskatoon (fluorure 1,0
mg/l), sans noter aucune différence entre les
groupes par rapport aux facteurs taille, poids,
mode de vie ou régime.
Résultats : Les femmes de Saskatoon avaient
une teneur minérale de l’os moyenne signi-
ficativement plus élevée aux tomographies de
la colonne lombaire antéropostérieures et de
l’analyse volumétrique estimée à L3, sans
aucune différence pour l’ensemble du corps
ou le fémur proximal.
Conclusion : Une exposition à la fluoruration
de l’eau pendant les années de croissance
peut avoir un effet positif sur la densité
osseuse rachidienne chez les jeunes femmes.
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METHODS

Subjects were 57 females, aged 18 to 25
years, 24 volunteers from the University of
Regina in Regina, and 33 from the
University of Saskatchewan in Saskatoon.
All subjects had not travelled outside of
their resident city for longer than four
years. Individuals with bone-affecting dis-
orders, use of potential bone-affecting
medications, long-term use of fluoride sup-
plements, a history of amenorrhea (fewer
than three menses per year, as defined by
Armamento-Villareal et al.12), and those
who were currently pregnant were exclud-
ed. This study was approved by the
University of Saskatchewan Advisory
Committee on Ethics in Human
Experimentation. 

BMD measures
BMD was measured using DXA (Hologic

2000, Hologic Waltham, MA) in array
mode.13 All testing was performed from
October 1994 to January 1995 at the Royal
University Hospital in Saskatoon. A stan-
dard protocol was used for all scans.13

Subjects wore t-shirts and shorts for the test-
ing procedure, removing all metal objects.

TB scans (Hologic software version
5.56A) were performed with the subject
lying supine, positioned on the center line
along the longitudinal axis of the table.
The subject’s hands were pronated and feet
were taped together to immobilize the
lower extremities. Bone-mineral-free lean
mass and fat mass were also determined
from the total body scans.

For the PF scan (Hologic software ver-
sion 4.55A), the subject was supine with
the hip internally rotated approximately
20° and abducted. The foot was secured
with a nylon strap against a lucite position-
ing wedge to secure this position. 

APS and LS scans (Hologic software ver-
sion 4.62A:1) were done with the subject
supine with a foam-filled block supporting
the femora in as vertical a position as possi-
ble. While the subject remained stationary,
the c-arm was rotated to obtain the com-
panion view of the LS. 

Lumbar spine volume was estimated
from the average width (cm) of the verte-
bral body determined from the AP projec-
tion and the skeletal area scanned (cm2)

from the companion LS projection. The
VLS (g/cm3, Hologic software version
4.55F:1 ) was obtained by dividing the
bone mineral content obtained from the
LS by the estimated volume. Only L3 was
used for VLS due to the increased error at
L2 and L4 from overlying ribs close to L2
and the close proximity of the pelvis at L4.
The LS scan eliminates the posterior spin-
ous processes, allowing for an assessment
of primarily trabecular bone.14

Short-term reproducibility in vivo with
two repeat scans on 10 subjects ranged
from a coefficient of variation (CV) of
0.51% for TB, 1.1% for PF, 1.03% for
APS, 2.11% for LS at L3 and 2.58% for
VLS at L3.

Lifestyle and dietary history questionnaire
Subjects completed a comprehensive

questionnaire evaluating various lifestyle,
medical history and dietary factors. This
questionnaire was developed based on the
MEDOS questionnaire,15 an activity rating
scale used by Sallis et al.,16 a two-week
recall of current physical activity,17 an
estrogen exposure scoring criteria proposed
by Armamento-Villareal et al.12 and a food
frequency questionnaire used in previous
studies at the University of
Saskatchewan.18 Daily intake of calcium
and vitamin D was determined by a nutri-
tional assessment software package with
1988 Canadian Nutrition File informa-
tion. Other questions on the use of bottled
water and tap water intake were also
included.

Statistical methods
SPSS for Windows was used for statisti-

cal analysis. Independent t-tests were per-
formed to determine differences in height,
weight, bone-mineral-free lean mass, fat
mass, estrogen status, past and present
physical activity level and current calcium
intake between the two samples. Other
lifestyle factors evaluated were: tap water
consumption, family history of osteoporo-
sis, smoking history, alcohol consumption,
caffeine intake, milk history and Vitamin
D intake. The two samples were very simi-
lar in these various lifestyle factors.

ANCOVA , with weight as the covari-
ate, was used to compare BMD between
the two samples. Weight was chosen as a

covariate based on its significant, positive
correlation with BMD (r= 0.43 to 0.54).
The only other variable that met the
assumptions of a covariate was bone-
mineral-free lean mass. However, as bone-
mineral-free lean mass and body weight
were highly correlated, body weight was
chosen as the only covariate used in the
analysis. An alpha level of 0.05 using a
two-tailed test of significance was selected
for all analyses. 

RESULTS

There were no significant differences
between the two samples for mean height,
weight, bone-mineral-free lean mass, fat
mass, daily calcium intake, or past or pre-
sent physical activity level (Table I). The
ANCOVA analysis found a significant dif-
ference between Regina and Saskatoon
samples at the APS (L1 to L4, F (54,1) =
7.33, p < 0.05) and VLS (F (53,1) = 4.37,
p < 0.05) but not at TB or PF. The effect
size for the APS was 11.9% and 7.6% at
VLS using eta2 (Table II).

DISCUSSION

The results of this study found that
women raised in an environment with low
level water fluoridation had significantly
higher BMD values at the APS and VLS
bone sites in the lumbar spine, but there
were no significant differences between the
two samples at the TB or PF. 

Fluoride has two major effects on bone.
First, fluoride substitutes for some of the
hydroxyl ions in the mineralization phase
forming fluorohydroxyapatite. This substi-
tution increases bone crystallinity and
decreases the ability of osteoclasts to resorb
bone. Second, fluoride stimulates an
increase in osteoblast number and activi-
ty.19 These two mechanisms support our
hypothesis that long-term exposure to fluo-
ride may result in increases in BMD.
However, there continues to be debate in
the literature regarding the role of both
high doses of fluoride and exposure to low
levels of fluoride on bone strength and
fracture rates at various sites.1,3,5-7

The relative distribution of fluoride in
the skeleton is greater in bone sites with
increased biological activity such as cancel-
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lous bone as compared to more cortical
bone sites.8 The results of our study sup-
port this regional difference of fluoride’s
effect on bone. The two bone sites where
exposure to fluoridated water resulted in
greater BMD values were at the axial skele-
ton (APS and VLS). There was a 6.5%

increase in mean APS BMD in the
Saskatoon sample. Similar results have
been found in a study of older women
where there were significantly higher BMD
values at the APS in women, aged 47-59,
exposed to low level water fluoridation
(3% difference in BMD).9

It has been proposed that the volumetric
estimate of bone density (VLS) may pro-
vide a more sensitive assessment of the
more central trabecular bone of the verte-
bral body by eliminating the largely corti-
cal posterior spines of the vertebrae.14 Also,
because VLS is a volume estimate, it may
provide a more accurate measure of the
central vertebral bone content. Indeed, dif-
ferences have been reported between areal
BMD and VLS. Carter et al.20 found
width-adjusted BMD values at the spine
were not as dependent on height and
weight as the more traditional areal BMD
values. The significant difference between
the Saskatoon and Regina samples for VLS
values in our study support a positive asso-
ciation of exposure to water fluoridation
on the BMD of the highly trabecular bone
of the axial skeleton. 

The nonsignificant finding at the PF
supports the site-specific effect of fluoride
on the axial skeleton. This would support
other findings that there is likely no bene-
ficial effect of long-term exposure to low
levels of fluoride on hip fracture rates.7

Differences in TB BMD, although not sig-
nificant, had an effect size of 5.5%. This
may suggest a small, general effect of low
level fluoridation on the BMD in the total
body. However, it is also possible that the
amount of fluoride ingested from long-
term exposure to water fluoridation is not
enough to result in an increase in TB
BMD. To our knowledge, this is the first
study to evaluate the effect of fluoride on
TB. Further investigation is needed to veri-
fy if there is any substantial effect of low
level fluoride at the TB. 

Limitations in this study are: a small
sample size and already established differ-
ences in BMD from a number of other fac-
tors related to genetic, lifestyle or environ-
mental influences. The small sample of
volunteers from a university setting makes
it difficult to generalize these results to the
cities’ populations. Further investigation in
a larger sample of young women is neces-
sary to justify the potential effect of expo-
sure to water fluoridation on young
women. Possible differences in BMD from
other factors were addressed by a detailed
evaluation of lifestyle, medical history and
dietary habits which found that the two
samples were very similar. The cities of

TABLE I
Descriptive Data and Independent t-tests for Age, Height, Weight, Bone-

mineral-free Lean Mass and Fat Mass, Calcium Intake, Physical Activity Rating

Variables Mean Range SD t

Age (yrs)
Regina 20.8 18-25 1.72 1.21,n.s.
Saskatoon 21.3 18-25 1.63

Height (cm)
Regina 166.6 155.1-175.8 4.71 0.66,n.s.
Saskatoon 167.6 153.5-179.5 6.24

Weight (kg)
Regina 63.60 49.20-75.85 7.36 -1.37,n.s.
Saskatoon 60.83 43.85-78.45 7.66

Bone-mineral-free lean (kg)
Regina 40.05 30.50-48.68 4.42 -0.07,n.s.
Saskatoon 39.97 31.29-52.67 5.29

Fat Mass (kg)
Regina 20.29 5.69-30.74 4.78 -1.85,n.s.
Saskatoon 17.69 6.87-26.60 5.80

Estrogen Score (2-24)
Regina 18.17 12-22 2.46 0.27,n.s.
Saskatoon 18.33 15-23 2.15

Daily Calcium (mg)
Regina 1016.3 314-2519 552.9 -0.94,n.s.
Saskatoon 904.6 337-1743 346.2

Physical Activity Rating (1 to 5)
Past

Regina 3.96 2-5 0.86 0.05,n.s.
Saskatoon 3.97 2-5 0.92

Present
Regina 3.57 2-5 0.99 -0.31,n.s.
Saskatoon 3.48 2-5 0.91

Weight-bearing Activity (min./week)
Regina 291.04 15-872.5 219.5 -0.69,n.s.
Saskatoon 256.30 52-626.0 158.9

TABLE II
Results of ANCOVA for APS, VLS, TB and PF

Variable Regina Saskatoon F Effect Size
Adjusted mean values (eta 2)

(unadjusted values ± SD)

APS (Total) 0.975 1.039 7.33* 0.119
(g/cm2) (0.986 ± .07) (1.028 ± .12)

VLS 0.216 0.227 4.37* 0.076
(g/cm3) (0.218 ± .02) (0.225± .02)

TB 1.044 1.073 3.16 0.055
(g/cm2) (1.051 ± .06) (1.065 ± .08)

PF 0.927 0.961 1.30 0.024
(g/cm2) (0.936 ± .09) (0.951 ± .14)

* p < 0.05
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Saskatoon and Regina, located only 200
miles apart, are very similar in population,
demographics and sunlight exposure.
There appeared to be no differences
between the two groups that would explain
differences in BMD other than exposure to
different water supplies. 

This study was unique in evaluating the
effect of long-term exposure to low level
fluoridation during the growing years.
Ninety-five percent of the Saskatoon sub-
jects and 83% of the Regina subjects had
lived in their respective cities from birth
until young adult age at the time of test-
ing. Determining environmental influences
on BMD during the growing years may be
important for osteoporosis prevention as
maximal peak bone density may be the
best preventative measure against develop-
ing osteoporosis later in life.21 It is possible
that exposure to fluoride would have its
greatest osteogenic effect during the grow-
ing years primarily in highly trabecular
bone sites such as the vertebrae of the lum-
bar spine. 

SUMMARY AND CONCLUSIONS

The conclusions that can be drawn from
this study are: 1) Fluoride absorbed from
food and water during the growing years
may have a positive impact on axial BMD

in young female adults; and 2) Our results
support the theory of site-specific absorp-
tion of fluoride in the highly trabecular
bone in the lumbar vertebrae, with no
apparent impact of ingestion of low levels
of fluoride from the water supply on PF
BMD.
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