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Abstract
Bone deformation and fragility are common signs of skeletal fluorosis. Disorganisation of bone tissue and presence of
inflammatory foci were observed after fluoride (F−) administration. Most information about F− effects on bone has been
obtained in adult individuals. However, in fluorosis areas, children are a population very exposed to F− and prone to
develop not only dental but also skeletal fluoroses. The aim of this work was to evaluate the bone parameters responsible
for the effect of different doses of F− on fracture load of the trabecular and cortical bones using multivariate analysis in
growing rats. Twenty-four 21-day-old Sprague-Dawley rats were divided into four groups: F0, F20, F40 and F80, which
received orally 0, 20, 40 or 80 μmol F−/100 g bw/day, respectively, for 30 days. After treatment, tibiae were used for
measuring bone histomorphometric and connectivity parameters, bone mineral density (BMD) and bone cortical param-
eters. The femurs were used for biomechanical tests and bone F− content. Trabecular bone volume was significantly
decreased by F−. Consistently, we observed a significant decrease in fracture load and Young’s modulus (YM) of the
trabecular bone in F−-treated groups. However, cortical bone parameters were not significantly affected by F−. Moreover,
there were no significant differences in cortical nor trabecular BMD. Multivariate analysis revealed a significant correla-
tion between the trabecular fracture load and YM but not with bone volume or BMD. It is concluded that when F− is
administered as a single daily dose, it produces significant decrease in trabecular bone strength by changing the elasticity
of the trabecular bone.
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Introduction

Fluorine in its elemental form (F2) is a gaseous compound but,
because of its high electronegativity, in nature, it is found only
as fluoride (F−). It is one of the 20 most abundant elements in
the earth’s crust and is part of minerals such as fluorite (CaF2),
fluorapatite (Ca5(PO4)3F) and cryolite (Na3AlF6) [1]. Fluorine
content is high in some foods, such as fish, tea [2] and vege-
tables grown on areas with high fluorine content in soils [3, 4].

However, the most common form of F− uptake is the drinking
water.

F− is a trace element with opposite effects on human be-
ings. There are different reports about the beneficial or dele-
terious effects that F− has on bones and consequently how it
compromises the mechanical behaviour of the bone as a
supporting structure. On one hand, its daily administration
prevents teeth caries and has a mitogenic action on osteoblasts
[5], but on the other hand, in areas where concentrations of F−

in water exceed the limit recommended by the World Health
Organization (WHO) (1.5 ppm), dental fluorosis could be
seen [6]. AlthoughWHO established 1.5 ppm, dental fluorosis
could appear with lower concentration of F− in drinking water
as a consequence of increasing intake from other sources [7].
Skeletal fluorosis appears after high F− content (over 3 ppm) is
consumed and is clinically characterized by alterations in
teeth, musculo-skeletal, endocrine and nervous systems [8].
When drinking water contains over 10 ppm of F−, more seri-
ous effects on skeletal tissue could be seen and crippling fluo-
rosis could be developed [9].
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F− is mainly incorporated into the bone during bone forma-
tion and removed by bone resorption. F− replaces the hydroxyl
group in hydroxyapatite crystal transforming it into
fluorapatite [10], more stable and less soluble in acidic solu-
tions than hydroxyapatite [11]. The proportion of F− that is
incorporated by bone tissue depends on the amount ingested,
time and type of exposure, age, tissue metabolism [1] and
genetic factors [12].

The increase in bone mass and bone growth takes
place in childhood [13, 14], so that growing people are
the most affected by high F− intake because this ion has
high affinity for bone tissue and children’s bones have a
higher rate of modelling than adults’ bones. Children liv-
ing in fluorosis areas could manifest not only dental but
also skeletal fluorosis with severe bone deformities [15,
16]. Children are a special population who are exposed to
F− not only by the consumption of fluoridated water but
also from the ingestion of F− from toothpaste and var-
nishes: 81.5% of the average daily intake of F− comes
from these products [17, 18]. Biomechanical bone prop-
erties depend on nano-parameters such as the structure of
collagen type I, osteocytes network and hydroxyapatite
crystals. Bone fractures are determined not only by bone
mass, but also by bone tissue quality such as collagen
and mineral properties [19]. F−’s treatment decreased ni-
tric oxide response to mechanical loading and affected
the arrangement and amount of F-actin in MC3T3-E1
osteoblasts. Also, F− treatment resulted in more elongated
and smaller osteocytes in hamster mandibles in vivo [20].
Previous studies done in our laboratory revealed that the
disorganisation of bone tissue [21] and the presence of
inflammatory foci [22] when sodium fluoride (NaF) is
administered could be the cause of bone alterations.
Subsequent studies showed that inflammation at bone
level is due to an increased release of superoxide that
determines the increase in reactive oxygen species and
tissue damage [23].

There are many studies that showed the effects of F−

on the bone. However, the cause of the negative effects of
F− on the bone has not been explained yet. It is known
that F− in high concentrations increases bone fragility in
adult individuals, but it has not been studied whether this
increase is due to loss of bone mass, elasticity, mineral
density or trabecular connectivity. To know the first
changes on the bone in fluorosis, it is necessary to study
the effects that occur from the beginning in the fluoride
consumption. Therefore, variables that determine bone
fragility in fluoride exposure of a growing child are still
unknown. The aim of this work was to evaluate the effect
of different F− doses on biomechanical and morphometric
properties of the trabecular and cortical bones by a mul-
tivariate analysis to identify which of those variables de-
termine the fracture load in growing rats.

Materials and Methods

Animals and Study Design

Experiments were carried out on 21-day-old female Sprague-
Dawley rats (body weight 78.4 ± 12.8 g). The rats were housed
in collective cages with water and balanced food ad libitum
(Gepsa, Pilar, Córdoba, Argentina). During the experiments, the
rats were kept in a temperature-controlled environment of 23–
25 °C, with a 12-h light:12-h darkness cycle and filtered airflow
at scheduled time intervals.Theanimalswere treatedaccording to
the accepted international standards for animal care [24, 25], and
the study has been approved by the Ethical Committee of the
School ofMedicine of Rosario National University.

The rats were randomly divided into four groups (n = 6/
group): F0, F20, F40 and F80, which received orally, through
a gastric catheter, 0, 20, 40 or 80 μmol F−/100 g bw/day
(equivalent to 0, 0.4, 0.8 and 1.6 mg F−/100 g/day), respec-
tively, for 30 days. F− was administered as sodium fluoride
(Sigma-Aldrich, USA).

The doses of F− administered are comparable to those used
in several previous works to study the toxic effects of F− in
rats [26–28]. Treatment was carried out from weaning (day
21) to reproductive maturation of the rat (day 53), in order to
study the effect of F− during childhood and bone modelling.

After treatment, body weight was evaluated, euthanasia by
CO2 inhalation was performed and tibiae and femurs were
extracted. Blood samples were collected by heart puncture
into heparinized tubes, which were centrifuged at 1400×g
and cut at the buffy coat level. Urine was recollected in indi-
vidual metabolic cages for 24 h before euthanasia. Plasma and
urine were used for F− measurement.

Histomorphometric and connectivity parameters, bone
mineral density (BMD) and cortical parameters were evaluat-
ed in the tibiae. Both femurs were used for F− content mea-
surements and biomechanical tests to evaluate trabecular and
cortical bone resistance.

Bone Histomorphometry

After euthanasia, the proximal epiphysis of the left tibia was
fixed in 10% phosphate-buffered formaldehyde, decalcified in
10% EDTA, dehydrated through ascending ethanol concen-
trations and embedded in paraffin. Longitudinal 5-μm-thick
sections of proximal tibia metaphysis was obtained with a
microtome (Mikoba 320, China) and stained with hematoxy-
lin-eosin. Permanent slides were examined using a light mi-
croscope (Leitz, Wetzlar, Germany). Digital images of trabec-
ular bone were obtained at a × 40 magnification with a camera
(Olympus SP-350, China). A 2-mm2 region of interest (ROI)
at 1-mm distal from the growth plate-metaphyseal junction
was selected. This ROI was considered the total tissue vol-
ume. ROIs were analysed with ImageJ 1.40 (National
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Institutes of Health, Maryland, USA). As described by Parfitt
et al. [29], the following measurements were performed: (1)
total tissue volume (TV, μm2) and (2) trabecular bone volume
(BV, μm2). With these values, bone volume (BV/TV, %) was
calculated as BV × 100/TV.

Trabecular Connectivity Assessment

The analysis of trabecular interconnectivity was performed as
previously published [30, 31]. The following parameters were
measured on the 5-μm-thick sections of proximal tibia
metaphysis stained with hematoxylin-eosin using ImageJ
1.40 software: total number of nodes (Nd) and number of
terminals (Tm). With these parameters, we proceeded to cal-
culate an interconnectivity parameter known as node-to-
termini ratio (R = Nd/Tm). The greater the value of R, the
more connectivity the trabecular bone has.

Morphometric Analysis of the Cortical Bone

Cross-sections (1-mm thick) of the diaphysis of the right tibiae
were cut with a low-speed saw (IsoMet, Buehler Ltd., IL,
USA) at 50% of the total length. A digital image was obtained
at × 40 magnification with a digital camera (Olympus SP-350,
China), and measurements were performed with ImageJ 1.40
software [32]: (1) cross-sectional area, the area of bone and
marrow cavity bounded by the periosteal surface (mm2), and
(2) medullary area, the area delineated by the endocortical
surface (mm2). With these values, cortical bone area (CA)
was calculated as the difference between the cross-sectional
area and the medullary area (mm2). The CA indicates the
volume of the cortical bone.

Bone Mineral Density

BMD (mg Ca2+/cm2) in the right tibia was measured by X-ray
absorptiometry (Work Ray, Buenos Aires, Argentina, 70KV,
8 mA) [33]. Measurements were done on digital images with
ImageJ 1.40 software. For measurement of BMD, the total
area of the tibia was delimited to calculate the total BMD.
Then, the midpoint of its length was marked and an area of
0.7 mm2 was delimited in order to measure the cortical BMD
(cBMD) in the same place where cortical morphometric mea-
surements were performed. Finally, an area of 2 mm2 at 1-mm
distal from the growth plate-metaphyseal junction was
delimited to measure trabecular BMD (tBMD) in the same
area where histomorphometric and connectivity measure-
ments were performed.

Mechanical Testing

Both femurs were extracted after euthanasia, stored at − 20 °C,
wrapped in saline-soaked gauze until tested and then thawed at

37 °C. The cortical bone strength at midshaft of both femurs
was determined with a three-point bending test, and femurs
were bent about the anterior-posterior axis [34]. The trabecular
bone strength was determined by a compression test in distal
epiphysis of both femurs as detailed below [35]. The mechan-
ical test was performed on a mechanical testing machine de-
signed in the engineering department of the Bone Biology
Laboratory, with a 300-N load cell with 0.01 N of discrimina-
tion and an accuracy of 10 μm in displacements. The support
span in the three-point bending test was 11 mm. The area of the
circular compression platen was 7.07 mm2, and a 2.5-mm-
thick transversal section of distal epiphysis of femurs was used.
For both tests, the speed was 0.01 mm/s and was monitored on
a computer. Load-versus-displacement plots were recorded
using the software Biomedical Data Acquisition Suite 1.0
(Argentina, 2011) to determine bone properties. The software
data acquisition rate was 10 Hz. The fracture load (Fx, N) was
recorded as the load the bone fractured, and stiffness (N/mm)
was determined as the slope of the linear portion of the load-
versus-displacement curve. The cross-sectional moment of in-
ertia (CSMI, mm4) was determined in a 1.5-mm-thick trans-
versal section obtained by a low-speed diamond saw, and the
outer (od) and inner diameters (id) were obtained in digital
images using the ImageJ 1.40 software. CSMI was calculated
as π(od4 − id4)/64. The material properties were determined by
employing classic beam theory and transforming the data of
load and displacement in stress [stress = load × support span ×
outer radius/(4 × CSMI)] and strain [strain = (12 × outer radi-
us × displacement × 106)/(support span)2], respectively. The
modulus of elasticity or Young’s modulus (YM, GPa) was
calculated using the linear portion of the stress versus strain
curve and indicates tissue elasticity.

Fluoride Measurements

Serum and bone levels were measured by direct potentiometry
using an ion-selective electrode, ORION 94-09, Orion
Research (MA, USA), after isothermal distillation [36]. Prior
to measurements, bone tissue was incinerated for 6 h at
550 °C. Urine F− was measured by direct potentiometry using
the same electrode explained before.

Statistical Analysis

Data are expressed as mean ± SEM. Statistical analyses were
performed with R 2.14.1 software [37]. One-way ANOVAwas
used for group comparisons. Differences were considered sig-
nificant when p < 0.05, and LSD post-test was used. The statis-
tical power was calculated for the comparisons when significant
differences were observed. One-way ANOVA power test was
used for the calculation, and pwr library was used. To assess
which bone parameter explains the fracture load, linear model
analysis was used (lm package in R software).
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Results

The body weights of the animals at the beginning of the ex-
periment were not different between groups: F0, 86 ± 39 g;
F20, 75 ± 35 g; F40, 74 ± 21 g; F80, 78 ± 36 g. After treat-
ment, final body weight was not affected by F−: F0, 233 ±
38 g; F20, 228 ± 44 g; F40, 226 ± 35 g; F80, 207 ± 41 g (one-
way ANOVA, p > 0.05).

Although a decrease in serum fluoride was observed in
all F−-treated groups, this difference was only statistically
significant for the F40 group (Table 1). In turn, a signif-
icant increase in urine fluoride was observed as the doses
of F− increased. As expected, bone F− content increased
significantly with F− doses. This result would ensure that
the treatments with F− had their action in the bone, pro-
ducing a stimulus of the bone tissue and an increase in the
incorporation of F−.

Effects of F− on the Trabecular Bone

A significant decrease in the trabecular fracture load
was observed in F−-treated rats, independently of F−

dose (Table 2), and a significant decrease in trabecular
stiffness in F40 and F80 compared to F0 was also ob-
served. Furthermore, a significant decrease in trabecular
bone volume, Young’s modulus and the connectivity
index R was observed in F40 and F80 groups compared
to F0 group, without changes in trabecular bone mineral
density.

Illustratively, Fig. 1 shows representative histological
sections of the tibia of one rat from each experimental
group. The loss of trabecular connectivity and bone
mass as the dose of F− increased can be observed.
The bone slices show visibly different effects of F− on
bone structure.

Determination of Variables Affecting Trabecular
Resistance

The variables that affected trabecular bone resistance
were analysed by employing linear modelling. tFx was
considered as dependent variable, and tYM, BV/TV,
tBMD, bone F− content (F) and R were the independent

variables. Therefore, we analysed the following linear
model:

tFx ¼ a*tYMþ b*BV=TVþ c*Rþ d*tBMDþ e*F þ f

where a, b, c, d, e and f are the coefficients of the
model.

Linear model analysis revealed that trabecular fracture load
depended significantly on Young’s modulus (estimate coeffi-
cient 193 ± 63, p < 0.05) and did not depend on any other
parameter analysed (R2 = 0.56, adjusted R2 = 0.42, p = 0.013,
power 0.97).

Therefore, linear model analysis was done again consider-
ing only Young’s modulus, and the model for trabecular frac-
ture load in F−-treated rats was

tFx ¼ 198*tYMþ 14:3

with an R2 = 0.57 and an adjusted R2 = 0.56; p = 5.9 × 10−9.
Figure 2 showed that the higher the dose of F− used, the

lower the fracture load and the Young’s modulus. In conclu-
sion, F−-induced decrease in trabecular bone resistance is ex-
plained largely by tissue elasticity.

Effects of F− on the Cortical Bone

There were no effects of F− on fracture load (cFx), Young’ s
modulus (cYM), CA and cBMD at the level of the midshaft of
the femur. However, a significant decrease in the stiffness and
the CSMI was only observed in the F80 group compared to F0
(Table 3).

The linear model analysis was not performed for the corti-
cal bone because fracture load was not affected by F−.

Discussion

F− has been used for many years for the treatment of bone
diseases such as osteoporosis, since it was observed to in-
crease bone mineral density and reduce pain [38]. However,
F− has been shifted from the pharmaceutical market because it
produced an increased risk of fractures and due to the discov-
ery of other drugs (bisphosphonates, monoclonal antibodies)
with better efficacy on the bone [39]. In addition, F− is still

Table 1 Serum (μmol/l), urine
(μmol F−/24 h) and bone (mg F−/
g ashes) fluoride of groups treated
with 0, 20, 40 or 80 μmol F−/
100 g bw/day

F0 F20 F40 F80 Power

Serum fluoride 183.5 ± 70.8a 102.0 ± 93.3ab 65.7 ± 62.2b 93.9 ± 79.5ab 0.55

Urine fluoride 1.86 ± 1.30a 6.46 ± 2.13ab 6.94 ± 3.15c 13.15 ± 7.75d 0.98

Bone fluoride 0.62 ± 0.23a 2.88 ± 0.35b 7.22 ± 0.24c 8.15 ± 0.54c 1

Data are shown as means ± SEM. At least one similar superscript letter between two cells of the same row
indicates no significant differences between group means. The last column shows the statistical power of each
comparison. One-way ANOVA, LSD post test, p < 0.05
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used for topical therapies in the teeth and many countries
added it to drinking water. However, lots of countries have
natural F− in their well water. China, India and Tanzania are
the countries most affected by the high amount of F− in the
water and by the number of people who consume it [40, 41].
In Argentina, we found high concentrations of F− in drinking
water in Buenos Aires [42], southwest of Santa Fe [43, 44],
and Chaco [45] provinces. F− uptake higher than 3 ppm in
drinking water can lead to skeletal fluorosis, the main effect of
which is bone fragility. Children in areas of fluorosis are a
population with a high probability of developing skeletal fluo-
rosis with bone deformations and bone fragility.

The primary function of the bone is to provide structural
support for the body. Regarding this function, the skeleton is
the basis of posture, locomotion, daily load resistance and
protection of internal organs. Tissue quality depends on many

factors such as the amount, connectivity and orientation of the
trabeculae; the structure of collagen; mineral content and min-
eral density [46]. The findings of this study indicate that the
loss of bone strength by F− is explained by factors other than
only bone mineral density.

The causes of bone fragility in skeletal fluorosis are not yet
well-known. Therefore, in this study, we evaluated which
bone parameters are affected by F− leading to a decrease in
bone strength. To study the initial changes in bone tissue of
skeletal fluorosis, that is from the beginning of fluoride con-
sumption in early ages, growing rats were used and the treat-
ment was applied throughout the youth of the rats.

Serum F− in the animals decreased and urine F− increased
as the administered F− doses increased. These results were
accompanied by a progressive increase in bone F− content.
Previous studies have shown that administration of a dose of

Table 2 Trabecular parameters of
bone resistance, mineral density
and bone volume of experimental
groups treated with 0, 20, 40 or
80 μmol F−/100 g bw/day

Trabecular parameters F0 F20 F40 F80 Power

Fracture load (N) 45.1 ± 8.0a 24.4 ± 2.8b 25.1 ± 4.2b 16.7 ± 2.6b 0.90

Stiffness (N/mm) 331 ± 99a 170 ± 45ab 148 ± 41b 125 ± 35b 0.52

Bone volume (%) 22.1 ± 1.4a 21.2 ± 1.4ab 18.2 ± 0.9bc 15.8 ± 1.6c 0.75

Young’s modulus (GPa) 0.12 ± 0.04a 0.06 ± 0.02ab 0.05 ± 0.01b 0.04 ± 0.01b 0.61

Node-to-termini parameter 0.34 ± 0.04a 0.39 ± 0.02a 0.23 ± 0.02b 0.17 ± 0.04b 0.99

Bone mineral density (mg Ca/cm2) 27.2 ± 3.2a 25.8 ± 4.3a 27.2 ± 3.1a 22.2 ± 1.5a –

Data are shown as means ± SEM. At least one similar superscript letter between two cells of the same row
indicates no significant differences between group means. The last column shows the statistical power of each
comparison. One-way ANOVA, LSD post test, p < 0.05

Fig 1 Micrographs showing
trabecular bone sections of rat
tibiae from all experimental
groups. H&E × 40. In order to
simplify interpretation, the bone
trabeculae are outlined
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40 μmol/100 g pc of NaF generated serum fluoride levels of
up to 130 μmol/l and that the higher the F− content in the
bone, the less the serum F− [47, 48] and that the higher the
F− dose, the higher the urine F− [49, 50]. These studies suggest
that F− in high doses generates a bony stimulus that produces a
greater incorporation of F− in the tissue by which the serum F−

decreases.
Anyway, there are many authors who describe an increase

in serum F− with high doses of it administered [51, 52]. The
difference found in such works could be due to various rea-
sons: the age of the rats, their sex or the form of F− adminis-
tration (orogastric tube or drinking water). Nevertheless, as
has been previously described, the severity of the expression
of fluorosis depends also on the genetic background of the
animals [8]. A previous work demonstrated that different
strains of mice developed resistance or susceptibility to dental
fluorosis with high doses of F−[53]. In our study, Sprague-
Dawley rats were used but other researchers used Wistar rats.
Therefore, the discrepancies in bone responses to F− and,
therefore, in fluoremia could be due largely to the strain of
rat used.

Although the dose of F80 group is twice that of F40 group,
this did not generate a much greater incorporation of F− in the
bone or a much lower serum F−; besides, a greater damage in
the bone parameters was observed. Previous work has shown

that at doses greater than 100 μmol/day of F−, there was inhi-
bition of intestinal absorption of F− in rats, which caused se-
rum and bone F− to be similar to doses a little lower than this
[26].

At trabecular level, all doses of F− significantly decreased
bone strength, as measured by tFx, accompanied by a decrease
in trabecular bone volume, Young’s modulus, connectivity
and stiffness without changes in bone mineral density. To
determine which of these parameters affected tFx the most, a
linear model analysis was used, which determined that the
decrease in trabecular resistance by F− is explained largely
by variations in Young’s modulus. Young’s modulus is a mea-
sure of bone elasticity and indicates trabecular tissue quality.
This parameter includes reordering of the trabeculae, its con-
nectivity and collagen and non-collagen protein syntheses
[54]. We also observed that F− affected the connectivity pa-
rameter of the trabecular bone, so YM could be reduced be-
cause of the decrease on R values as a function of F− doses.
The results found in this work are consistent as connectivity
and realignment of the trabeculae act as an elastic mesh resis-
tant to external forces. That is, the amount of cancellous bone
is not so important but how it is spatially arranged.

At the cortical level, the maximum dose of F− decreased the
stiffness and moment of inertia, but there were no changes in
cFx nor in cYM.

The results found in this study also explained the atyp-
ical and spontaneous stress fractures produced by F− in
osteoporosis treatments [55]. These fractures were most
frequently produced in tibial metaphysis, vertebrae and
femoral neck, and in the majority of the cases, their trabec-
ular bone volume was normal [56]. Our work demonstrated
that F− decrease in trabecular fracture load was not ex-
plained by the loss in bone volume. Also, trabecular stress
fractures tended to occur in the first months of treatment,
and cortical stress fractures occurred after them [57]. As
we could see, cortical fracture load was not affected by F−

in the time we used for the experiment, and maybe more
time of treatment with F− is required for changes to be
observed.

Finally, the higher the dose of F− used, the lower the frac-
ture load, bone volume and Young’s modulus of the trabecular

Fig 2 Fracture load (tFx, N) versus Young’s modulus (GPa) of the
trabecular bone of experimental groups. Points indicate the mean of each
group, and segments indicate the SEM. Treatments: diamond: F0,
triangle: F20, square: F40, circle: F80

Table 3 Cortical parameters of
bone resistance, mineral density
and bone volume of experimental
groups treated with 0, 20, 40 or
80 μmol F−/100 g bw/day

Cortical parameter F0 F20 F40 F80

Fracture load (N) 88.7 ± 8.8a 81.9 ± 7.9a 74.6 ± 5.4a 69.2 ± 6.7a

Stiffness (N/mm) 304 ± 38a 261 ± 37ab 230 ± 27ab 178 ± 26b

Cortical area (mm2) 3.7 ± 0.3a 3.6 ± 0.3a 3.5 ± 0.2a 3.0 ± 0.3a

Young’s modulus (GPa) 3.6 ± 0.4a 2.8 ± 0.3a 3.0 ± 0.4a 2.8 ± 0.5a

Moment of inertia 4.6 ± 0.5a 4.9 ± 0.5ab 4.5 ± 0.4ab 3.5 ± 0.4b

Bone mineral density (mg Ca/cm2) 18.5 ± 1.5a 17.5 ± 1.6a 16.0 ± 1.8a 17.4 ± 1.9a

Data are shown as means ± SEM. At least one similar superscript letter between two cells of the same row
indicates no significant differences between group means. One-way ANOVA, LSD post test, p < 0.05
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bone. The effects of F− on bone parameters are controversial.
Some authors described results similar to us [58]; a weaker
bony material with increased porosity in relation to increased
F− was found in adult humans [21, 59]. However, others dem-
onstrated that F− administration increased BMD and bone
strength [60], and they found a linear correlation between
those parameters [61]. Also, computational modelling of CT
imaging assessed that mechanical properties of F− treated
bone were strongly explained by BV/TV [62]. Most of such
studies were done in adult individuals although F− begins to
be consumed through drinking water at early ages. Therefore,
our study demonstrates that the decrease in bone resistance in
fluorosis illness starts with a decrease in bone elasticity of the
trabecular bone.

We know that the most effective solution to avoid the de-
velopment of skeletal fluorosis is to drink water without F−;
however, in many countries, this possibility does not exist.
Knowing the changes that occur early in the intake of fluoride
would help to obtain a rapid diagnosis of this disease in order
to be able to act before the bones become fragile or deformed,
preventing those children from having a healthy life in their
future.
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