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Abstract: Background: Dental fluorosis (DF) is an irreversible alteration of tooth enamel
formation caused by excessive fluoride (F) consumption during tooth growth, leading to
skeletal fluorosis development due to the high F content of tap water, which should be
detected. Objective: To detect the signs of skeletal fluorosis by comparison of the bone
mineral density (BMD) of the lumbar spine, femoral neck, and total femur, and the fluor
(F) intake from water between adults without and with DF from northwestern Mexico.
Methods: Participants were 36 adults without DF (G1) and 42 with DF (G2). Dean criteria,
DEXA, and SPADNS methods were used to evaluate DF, BMD, and F content in water,
respectively. Results. G1 participants consumed 0.789 + 1.55 mg F/d from water with
0.385 + 0.32 mg F/L, while G2 participants drank 2.42 & 2.65 mg F/d from water with
1.46 £ 0.59 mg F/L. The binary variable DF and BMD values were not associated (p > 0.05);
however, according to severity degree, questionable DF was associated with total femur
BMD (p = 0.025). BMD in the evaluated regions was no different between both groups and
could be related to actual moderate levels of F in the tap water and to the partial or total
consumption of bottled water. Conclusions. There was no association between DF and the
measured BMD to infer skeletal fluorosis. Bone region BMD was no different between both
evaluated groups and could be related to adequate F intake, with moderate F levels in tap
water, and the consumption of negligible F content bottled water.
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1. Introduction

Fluoride (F), the anion of fluorine, is characterized by its affinity for calcified tissues,
which stimulates bone formation and maintains bone mineral density (BMD) [1]. The
adequate fluoridation of drinking water prevents dental caries and can reduce the incidence
of hip fractures due to osteoporosis in the elderly population [2]. However, excessive F
consumption during tooth growth in childhood can cause dental fluorosis (DF), a disorder
of the development of the enamel with signs of white lines or brown spots on the teeth; and
it could advance to skeletal fluorosis and affect soft body tissues. Due to the risk, attention
has been focused on the negative effects at the dental and skeletal levels [2,3].

The main sources of F are drinking water, other beverages, watery foods, and flu-
oridated products used in oral hygiene. The World Health Organization (WHO) has
recommended F below 1.5 mg/L in drinking water, with variations according to weather
conditions, as accepted in Mexico [4]. Colombian schoolchildren presented a higher preva-
lence of dental fluorosis associated with ingested tap water with high F concentration,
depending on weather and altitude [5]. The northwestern area in Mexico is part of a big
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desert, where Sonora state is placed. The capital is Hermosillo, with temperatures ranging
from 32 to 47 °C and relative humidity lower than 10% for at least six months of the year.
Thirty years ago, the F content in drinking water ranged from 0.2 to 7.82 mg/L, and DF in
children of the north area of the town was prevalent [6]. There are no published studies
about the current bone health of the affected inhabitants.

Skeletal fluorosis in adults has been associated with an excess of F in the drinking
water, although other factors could be involved, such as diet, time of exposure, and hot
climate. Associations have been found between DF and skeletal abnormalities and BMD.
For instance, the density of the lumbar spine was 112% higher in adults with DF than in
persons without this condition. Also, 86.5% of children with advanced DF showed signs of
abnormal wrist skeletal development compared with controls of the same sex and age [7].

Nowadays, it is important to know whether the strategies implemented to reduce
the F content in tap water have been enough to avoid signs of skeletal fluorosis for the
inhabitants of our study place in northwestern Mexico, although the actual DF prevalence
has decreased. Therefore, our aim was to analyze the current conditions of the F content
of tap water and its consequences on the health of the former children with DF, detected
as changes in BMD, by comparison of BMD of the lumbar spine, femoral neck, and total
femur, and the fluor (F) intake from water between adults without and with DE.

2. Materials and Methods
2.1. Study Design

This was a cross-sectional analytical study. The selection of participants was performed
using non-probabilistic convenience sampling in Hermosillo, in northwest Mexico. Adult
men and women were invited to participate during their visits to the public health centers
for routine reviews. The calculated sample size per group was 45. Two groups were formed
as follows: G1 included participants who had lived from childhood to the present in the
southern and southeast areas of the city, where F levels in water have been low or adequate
(<0.7 mg/L); G2 consisted of apparently healthy adult men and women who presented
some degree of DF and had lived in the northern part of Hermosillo from birth to the time
of this study. This last zone has had high levels of F in drinking water (>0.7 mg/L). In the
study year, the weather conditions had a maximum average annual temperature of 38.5 °C,
although, from April to September, the maximum average was 42.8 °C [8]. Exclusion
criteria were the use of drugs interfering with bone metabolism (anticonvulsants and
thyroid disease) or hormonal therapy, along with pregnancy or nursing. All participants
signed an informed consent form, and the study protocol was approved by our institute’s
ethics committee (CEI/007/2015).

2.2. Dental Fluorosis Assessment

The severity and grading of DF were identified and classified by dentists according to
the Dean criteria with a six-point scale [9]. The scores of the scale are as follows: score 0:
unaffected; score 0.5: questionable, with occasional white spots; score 1: very mild, with
scattered small opaque white areas; score 2: mild, white opaque areas in 50% of the surface;
score 3: moderate, with white opaque areas in more than 50% of the surface; score 4: severe,
with presence of confluent pitting on the enamel surface. The two most affected teeth
were evaluated.

2.3. Socioeconomic Level

A questionnaire was applied to assess the subjects’ socioeconomic level, which con-
tained eight indicators on housing conditions, schooling, and income. The classification
was divided into seven levels according to the added score (A/B, C+, C, C—, D+, D, or E),
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where A/B was the highest and E was the lowest, according to the Mexican Association of
the Market Opinion [10].

2.4. Anthropometric Evaluation

Body weight was measured on an electronic scale with a capacity of 0-150 =+ 0.05 kg
(AND FV-150 KA1, A & D CO., LTD, Tokyo, Japan), and height was determined using a
20-210 £ 0.1 cm SECA stadiometer, Model 213 (SECA, Chino, CA, USA). Subjects were
placed on the Frankfort plane to assess height and weight. The body mass index (BMI)
was calculated by measuring the participants” body weight divided by the square of their
height (kg/m?) and then classified according to the following cut-off points: low weight,
BMI < 18.5; normal, BMI 18.5-24.9; overweight, BMI 25.5-29.9; and obesity, BMI > 30 [11].

2.5. Physical Activity

Physical activity levels were recorded using a two-day activity diary, one weekday
and one day on the weekend. An average from these two recordings was estimated, and
physical activity level was calculated in terms of multiples of basal metabolism using
the following cutoff points: <1.69 for sedentary; 1.70-1.99 for moderate; and 2.0-2.4 for
intense [12].

2.6. Bone Mineral Density Assessment

Measurements of lumbar vertebrae (L.2-L4) and right femur (neck and total) in g/cm?,
as measurements of the bone mineral density (BMD), were taken on a dual-energy X-
ray absorptiometry densitometer (DEXA), model DPX-MD+, Lunar, software 5.0 (GE
HealthCare, Waukesha, WI, USA), according to Lorente [13].

2.7. Estimation of Water, Fluoride, and Calcium Consumption

Water consumption was estimated by averaging two non-consecutive 24 h dietary
recalls, adding information on the water source used to prepare homemade beverages and
the quantity and sources (tap or bottled) of water consumed [14]. Also, the recalls collected
information about the intake of carbohydrates, lipids, and proteins. F consumption was
estimated considering total F intake from tap or bottled water sources. A validated food
frequency questionnaire for the Mexican population was used to estimate Ca consumption
in the previous year. The latter was a list of 104 foods with questions to verify a person’s
monthly, weekly, or daily consumption frequency [15]. Analysis was performed using a
software system for evaluating nutritional habits and nutrient consumption designed by
the National Institute of Public Health in Mexico [16].

2.8. Collection of Water and Fluoride Analysis

We collected samples of bottled water and tap water from each participant’s house.
In addition to individually bottled water (300-1000 mL), 20 L bottles of purified water
commercially processed by reverse osmosis for drinking are commonly used in-house.
All samples were stored at —4 °C until analysis in plastic containers previously washed
with 10% nitric acid and deionized water. The analysis of F was made by the SPADNS
colorimetric method [17], using a spectrometer Genesys 10UV (Thermo Fisher Scientific,
Waltham, MA, USA) at 570 nm. The calibration curve for measurements contained 0.02,
0.2,0.6,1,1.4, and 1.8 mg F/L; if necessary, samples were diluted with deionized water for
fitting the curve.

2.9. Statistical Analysis

Descriptive statistics were used to calculate means and standard deviations. Data
without normal distribution were transformed into logarithms. Comparisons between G1
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and G2 were made using a Student’s ¢-test for independent samples. Mann-Whitney U
tests analyzed data that did not achieve a normal distribution.

Multiple linear regression analyses were performed to evaluate the associations of
the dependent variables of BMD from the lumbar spine, femur neck, and total femur
with the categorical DF index type. This variable was explored as dichotomous (0: no DF;
1: yes DF), and as polychotomous using four categories (1: no DF or 0; 2: questionable;
3: very mild/mild; 4: moderate/severe DE. The adjustment variables tested were sex,
BMI, physical activity, anthropometric evaluation, and calcium intake. Preliminary models
(normality, linearity, homoscedasticity) were evaluated, and collinearity was discarded.
Data were analyzed using the NCSS 2007 statistical program, with significance set at
p < 0.05.

3. Results

Participant Characteristics

In Group 1 (G1), there were 36 participants without DF (G1), while, in Group 2 (G2),
there were 42 participants with DEF, all of them were from 27 to 45 years old. According to
the DF severity, G2 was separated into three sub-groups: questionable degree (1 = 5); very
mild plus mild degree (1 = 26); and moderate plus severe degree (n = 11). The means of
BMI in G1 and G2 were 42% and 48% with obesity, 30% and 31% were overweight, and
28% and 19% with normal weight, respectively. In relation to physical activity, 92% of G1
and 90% of G2 were sedentary, and the rest showed moderate intensity. Mean Ca intake
reached 55% of the recommended level for persons aged 19-50 years (1000 mg/day) [18];
only five (6%) participants fulfilled this recommendation. Milk, cheese, corn flour tortillas,
yogurt, and pozole (Mexican dish of corn and beef) were the main food sources of Ca. In
terms of socioeconomic status, the distribution of the participants in the A/B, C, and D
levels was 15%, 58%, and 27%, respectively.

Table 1 shows the comparison of data of age, BMI, dietary Ca, BMD of lumbar spine,
femur neck, and total femur between 36 participants without DF (G1) and 42 with DF (G2).
There were no statistical differences between groups (p > 0.05) for any variable, except that
total femur BMD tended (p = 0.06) to be higher in G2 compared with G1.

Table 1. Comparison of age, BMI, dietary Ca, lumbar spine, femur neck, and total femur BMD
between the participant groups.

Parameter G1 (n = 36) G2 (n=42) p-Value
Age (years) 37.5+56 36.4+5.6 0.41
BMI (kg/m?) 30.0+7.0 305+7.6 0.76
Dietary Ca (mg/d) 516 £ 252.7 591.7 +255.6 0.19
BMD (g/cm?)
Lumbar spine 1210.7 £135.2 1232.5 £124.1 0.40
Femur neck 1020.3 £ 121.7 1063.4 + 105.8 0.09
Total femur 1047.1 £+ 146.4 1105.5 £+ 130.4 0.06

Values are Mean + SD. G1—group without DF; G2—group with DF; BMI—body mass index, BMD—bone mineral
density; Student t-test for independent samples. Significance level p < 0.05.

There was no association between DF and BMD of the lumbar spine (p = 0.459),
femur neck (p = 0.098), or total femur (p = 0.066) after exploratory analysis, when DF
was used as a binary variable (absence 0 or presence 1). However, when DF was divided
into four categories—no DF or reference, questionable DF, very mild + mild DF, and
moderate + severe DF—a significant association was found between questionable DF and
total femur BMD (p = 0.025), after adjusting for physical activity, BMI, Ca intake, and sex
(Table 2).
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Table 2. Association of lumbar spine, femur neck, and total femur BMD with DF degree in the

study participants.
. Lumbar Spine  Femur Neck Total Femur
Dental Fluorosis Degree (g/cm?) (g/cm?) (g/cm?)
. B 3 89.28 102.4 132.93
Questionable (1 =5) p 0.153 0.055 0.025
. . _ B 29.1 16.37 36.4
Very mild + mild (n = 26) p 0.36 0.547 0.23
3 B 7.19 59.82 29.6
Moderate + severe (n = 11) P 0.87 0.10 0.48

DF—dental fluorosis. Reference—no DF (n = 36); f—regression coefficient; p—level of significance p < 0.05;
model adjusted for physical activity, log BMI, Ca intake, and sex.

We analyzed 156 water samples, 78 of them were bottled water, and 78 were tap water.
The F concentration in the tap water (mg/L) was higher in the G2 neighborhoods than
in the G1 areas (p = 0.000) (Table 3). In G2, 88% of the tap water samples were above
the suggested optimum F concentration, 0.5-0.7 mg/L, for regions with high tempera-
tures, and 42% surpassed the limit set by the Official Mexican Standards (1.5 mg/L) [4].
Thirty-three percent of participants said they only drank bottled water, nineteen percent
only used tap water, and forty-eight percent used both sources. In G1, 3% of the tap water
samples were above the 0.7 mg/L recommended, and the proportions of participants who
consumed only bottled water, only tap water, and both sources were 25%, 16.6%, and
58.4%, respectively.

Table 3. Fluoride concentrations of tap and bottled water and fluoride intake of the study groups.

Fluor Content G1 G2 p

Tap water (mg/L) 0.385 & 0.32 1.46 £ 0.59 0.00
Bottled water (mg/L) 0.057 £ 0.15 0.056 £ 0.20 0.51
F intake (mg/d) 0.789 £+ 1.55 2.42 +2.65 0.00

Values are means + SD; F—fluoride; G1—group without DF; Student t-test for independent samples, Mann-—
Whitney U test, significance level p< 0.05.

The estimated F intake of G1 (0.789 % 1.55 mg/d) was significantly different (p < 0.05)
compared with G2 (2.42 £ 2.65 mg/d). With respect to the recommended F intake for men
(4 mg/d) and women (3 mg/d) [18], 24% of the G2 participants had an elevated F intake,
69% low, and 7% adequate, while, in G1, the proportion was 0%, 97%, and 3%, respectively
(Table 3).

4. Discussion

We studied two groups of participants from northwest Mexico—G1 without DF and
G2 with DF—and analyzed their BMD of the lumbar spine, femur neck, and total femur,
and their actual F intake. Participants from G1 had lived in the southern areas of the town
since childhood, while G2 participants had spent all their lives in the northern area of the
town, where tap water was naturally fluorinated with high F concentrations 30 years ago.

The current F content of the tap water from the northern area, where G2 participants
live, exceeded by 2.5 fold the F concentration for regions with hot climates, and more than
50% of the samples were higher even than the limit set by the Mexican norm (1.5 mg/L).
In contrast, only one of the samples used by G1 participants in the south surpassed
the acceptable F levels. During the dental development stage of the participants of G2
(20-30 years ago), the F levels in the tap water in some of the northern neighborhoods were
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up to 7.82 mg/L [6]. Nowadays, the F content in the water has decreased to 1.46 mg/L
(mean) in these places, according to what we were able to detect.

Although F-containing water prevents dental caries [2], its consumption should be
monitored to avoid the risk of F accumulation in teeth, bones, thyroid, kidney, and other
organs [3]. We found that 74% of the G2 participants had scores from questionable to
mild DF, despite the tap water exceeding the F-containing limits for very dry weather.
Colombian schoolchildren drank water with a medium fluoride level of 10.5 mg/L and
86.1% of them presented with DF, more frequently with a mild score [5]. In Sao Paulo, Brazil,
58.9% of 12-year-old children had DF, principally in a very mild form, in municipalities
with oscillating F levels in water (0.3-1.2 ppm) and hot weather [19]. In Australian children
aged 8-12 years exposed to high F levels in water from birth to age 3, the DF prevalence
was 1.86 higher than in those exposed less [20]. Therefore, daily fluoride intake during
tooth development can lead to DF.

To explain the mild DF in our G2 group with the high F content in the tap water in
early age stages, there are additional conditions to the F intake. The bioavailability of F
decreases by forming insoluble compounds with calcium or aluminum [9]. Thus, DF is the
combination of the low consumption of Ca and high consumption of F, which results in a
higher risk of fluorosis. At bone levels, the severity of skeletal fluorosis and bone deformity
is greater in individuals with low dietary Ca intake; therefore, dietary recommendations to
prevent the accumulation of F in bones and teeth to maintain appropriate Ca intake are
encouraged [21]. Our participants were adults with a current average Ca intake that reached
only 55% of the recommended level. The consumption of Ca could have been adequate
during childhood because its high Ca content is typical of the daily dishes consumed
compared with a westernized diet. Then, the effect of water with a high F content could
have been attenuated during the teeth-forming years of the participants of G2, inducing
less aggressive DF.

Additionally, there is the possibility of an association between genetic factors and
fluorosis, since differences in its risk have been found in persons living under the same
conditions [22]. In the Tunisian population, it was found that there was a strong association
of COL1A2 (rs 412,777) polymorphism in the COL1A2 gene with DF, and, while the A
genotype was protectant, the C, AC, and CC genotypes increased the risk of DF [23].

With respect to the advanced effects of F intake on BMD of G2 with DF, we did not
find an association when measured in bone regions (except between questionable DF and
total femur). This could be related to a more acceptable F content in the tap water in some
neighborhoods years ago when 5 out of 42 participants with such degrees of DF were
children. Currently, the consumption of bottled water, either exclusively or in combination
with tap water, resulted in a low or adequate intake of F in most of our participants. Due to
changes in habits in recent years, the use of 20 L bottled water in-house is very important
and its F content is very low, although its use is related to the presence of parasites or other
contaminants in the tap water. Additionally, the consumption of commercial gas-containing
beverages with very low F content is quite high in our population; people drink them
instead of water.

A study of 23-year-old participants agrees with our results with respect to BMD. The
authors evaluated the longitudinal fluoride intake since childhood and concluded that
typical levels of fluoride intake in the U.S.A. do not harm the developing skeleton [24].
In a cross-sectional study with children and adolescents aged 8-19 years, also from the
U.S.A,, the results were less clear. Fluoride concentrations in water and plasma were
inversely associated with BMD, with their dose-response relationships exhibiting a non-
linear trend [25].
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In this way, if F exposure is reduced to adequate levels, the F deposited in the bones
is released during the bone turnover process and is excreted in the urine, which leads to
a decrease in osteosclerosis by fluorosis [26]. In our study, the actual average F intake
was found suitable for men and women. This condition may explain why BMD of the
lumbar spine, femur neck, and total femur of group G2 with DF was comparable to the
BMD values of the participants without DF in group G1. In our population, most of the
fluoride comes from water and beverages prepared with naturally fluoridated water as
coffee. Our population does not usually drink tea and other foods or beverages with more
than 0.04 mg/serving. Our interest in diet was due to Ca sources.

Finally, we had limitations in our study, principally due to financial resources and
time. In a future study in the same area, it will be interesting to analyze the urinary F
concentrations, F in 24 h urine, and F excretion of our participants. Also, it could be
important to include more tissues for BMD, such as tibia and radius, and if possible, to
include ultrasound as a quantitative non-invasive assessment of F-associated alterations.

5. Conclusions

There was no association between DF and the measured BMD to infer skeletal fluorosis
in the studied adults with dental fluorosis (G2) from NW Mexico. The BMD of the lumbar
spine, femur neck, and total femur evaluated was no different between group G2 with
dental fluorosis and group G1 without dental fluorosis. The result could be related to low
or adequate F intake due to moderate F levels in the current tap water, and the partial
or total consumption of bottled water processed by reverse osmosis, which reduces the
F content.
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