
139 Fluodde Vol. 34 No. 2 13$149 2001 Research Report

WELLWATER FLUORIDE, DENTAL FLUOROSIS, AND BONE
FRACTURES IN THE GUADIANA VALLEY OF MEXICO

M Tsresa Alarc6n-Herrera,' lgnacio R Martfn-Domlnguez,a
RodoFo Trejo-v6zque4D sandra Rodriguez-Dozalc

Chihuahua, Aguascalientes, and Durango, M6xico

SUM ARY: In the Guadiana Valley (lhe city of Durango and its suBoundings
in nor0rweslern ftlexho), the drinking water supply comes ftom underground
wells and is chalacnerized by a high content of f,uofile. ]n this study, a quanti-
tative assessment of dental fluorcsis was made in the school age (5-12 years)
and adult (1360 parc) population of Guadhna valley tfirough a multistage
sampling by conglomerdes of the Population. The Dean index of dental fluo'
rosis was colre|ad witt the fluoride concentration in drinking water. In those
pads of lhe valby with fluoride concentratiorc higher than 12 mg/L, all the
children surveyed efi3biH dental fluorosis, ard 350/6 of them had suffered
serious damage to their teeth. A linear correhion beiureen the Dean index of
dental fluorosis and the frequency of bone fracttles was also observed
among both chiHr€n and adults.

Keywords: Bone tadures, Dental fluorosis, Dlinking water, Durango City, Guadiana
Valley, Me,dco, Water fluoride.

INTRODUCTION
Durango is the capital city of fte state of the same name in the northwest-

em part of Mexico. The valley where the city is located, together with 23
small communities, is named Guadiana Valley. In this semi-arid region, well
water is used to supply drinking water, after il'situ disinfection

In an epidemiological study, made in 1982, a Dean community index of
dental fluorosis of 1.42 was reported for the 6-12 year-old child population
in the city of Durango. r Later, Trejo'Vrizquez et aP mearured the fluoride
content of the wells supplying drinking water and concluded thaq with few
o<ceptions, most ofthe fluoride concenfations were 200 to 300yo above the
1.5 mg& limit permitted by Mexican regulations. Moreover, Diaz-Berriga et
al3 found that endemic fluorosis is an environmenal health problem that af-
fects around 5 million people in Mexico. They correlated endemic hydro
fluorosis with mining activities of fluorspar deposits in the subsoil in several
states in Mexico and showed that it results from natural contamination of
aquifen with fluoride. In their study they found areas of endemic fluorosis
in the state ofDurango.

Recently, Ottiz et al reported that fluoride levels in Durango City ranged
mainly from 1.54 tD 4.7 mg/L, with 5.67 mglL as the highest concentration.

"For conespondence: Dr. M. Tere€a Alarc6n-HerreG, Centro de Investigaci6n en
Materiales Avanzados, S.C., Miguel de Cervantes 120 ComPlejo lndustial Chihuahua'
31109 Chihuahua, Chih, M€xico. E-rnail alarcont@cimav.edu.mx; "lnstituto Tecnol6gico
de Aguascalientes, Aguascalientes, Ags, M6xico; 'lnstituto Tecnol6gico de Ourango,
Durango, Dgo, Mexico.
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They used a geographic information system to identifu four different risl
areas, identi$ing a high-risk area in the northeast and southeast sectors o:
the city. A low risk area was detected in the south sector of the city. The'
reported that almost 959/o of the people living in Durango City are exposec
to fluoride levels higher than 2.0 mg/L, but they did not measure hedt
damage in the people.

MATERIALS AND METHODS

Methodologt: The present investigation has two components: (l) sampling
of water sources and (2) survey ofthe population. The former included flua
ride analysis ofthe water in all the municipal and village wells, and the latte:
involved a survey of the 1990 population of Guadiana Valley: 397,687 in-
habitants in Durango City and 20,817 inhabitants in the other 23 smal.
communities of the valley.

Statistical design: Water samples of all wells were taken, 51 in the city anc
23 more in the surrounding areas (Figure l). Five different areas were de
fined according to the F concentration levels (Table l),

Population surveys were conducted according to a descriptive transvers€
correlated design. Through a polystage conglomerate random sampling, 38(
families were selected and prorated into 77 to 80 families per concentratio:
area zone. This division yielded a total of 1,437 individuals from the fir:
different areas. Since the dental effects of fluoride are easily detected r:
school-age children, only 6-12 year-old children were considered for thr.
part ofthe study, and from them, only those who had established permzrner.:
residence in the area (333 children).

Figure 1. Location of the Guadiana Valley.
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Tabb 1. Fluoride concentation areas in Guadiana Valley

Fluoride concentration Number of wells
ranges mg/L City Rurat

Population
(1990 c€nsus)

Zone I
Zone ll
Zone lll
Zone lV
Zone V

9,428
400,591
3,823
4,270
392

418,504

Sndy Instrumen s: The following instruments were used in this study: a
mixed questionnaire form to gather relevant social, demographic, and olini-
cal information; the Dean index of dental fluorosis;s stomatology informa-
tion; bone fracture datq and analytical chemical techniques for fluoride con-
centration determinations.
Reliability and wlidation of sudy instruments: A questionnaire was de-
vised according to the stated objectives, and a pilot test was made prior to its
formal application. The staffpersonnel who assisted with the fieldwork were
carefully trained to conduct a uniform interview procedure. The staff in
charge of evaluating the dental information did not have information con-
ceming water F concentration.

The analpical technique used for fluoride determination was the
SPADNS method 4500-F- D.6 Primary standard reference solutions were
always analyzed before and after measurements, the relative error during
measurements wu 2.7"/o. Water sarnples were taken every three months for
one year.

RESULTS AND DISCUSSION

Fluoride waar concentrarrozs: Figures 2 and 3 show the locations of the
wells and their water fluoride concentsations. In the city of Durango only 2
wells situated in the south and southeast sectors had a concenration level
below 1.5 mglL. About 94Vo of the wells had concentrations in the range of
1.5 to 4.9 mgll and 76o% ofthese were betw€en 3.0 and 4.9 mg/L. The high-
est fluoride concentation (5.4 and 5.11 mgll) was found in 2 wells situated
in the northeast sector ofthe city, and the lowest concentration was found in
the two wells in the southem part ofthe city already mentioned.

Oraz et af reported fluoride levels ranging mainly from 1.9 to 4.7 mgfL,
wtrich corresponds roughly to the 94% of wells in our study that have drese
concentrations. Their highest fluoride concentatioq 5.67 mglL, is close to
the 5.11 mg/L found here for a well in the northeast sector, identified by
fiem as a high-risk area They considered a fluoride concentration range of
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3.6 to 5.6 mg/L as high-risk areas.a Since in the southeast sector of the cif
there are 8 wells, 7 ofwhich have fluoride concentations in the range
a 4.9 mglL, we conclude that there is a general agreement with their resuh
Howwer, w€ carmot establish a direct comparison because they defined
risk areas with a geographic informdion systerl which included
ping concentration ranges. We also need to take into account that they
their samples ftom homes, whereas we took ours from supply wells.
fte municipal water distribution system combines water from wells with
ferent fluoride levels, it is not unusual to find different fluoride
tions in the tap water. For the dental analysis, we took care to select
dwellings that were supplied by a well of lnown fluoride concentation.
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Figurc 2. Fluoride concentations in Durango City.

Ouside the city the situation is different, since these are small commui
ties and have only one well supply for each village. Here l0 of the 23 vr*
had fluoride concentrdions below 1.5 mglL, 9 wells had concentrdid
ranging from 3.0 to 8.4 mg/L, and 4 had values between 9.88 and 16 mgll.

To determine if there was a seasonal variation in fluoride conc€ntrdiq
results from all the sampling periods were analyzed through an ANOVA
procedure for 2 sources ofvariation, considering sampling periods as blocls.
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Results showed a highly sigrrificant variation between well concentrafions
(p = 2.138-166), and a significant variation for simpling neriods 1p = 4.438-
ZO1. fne chi-squared (12) test was used to determine the variance in every
well for the different sampling periods. The level ofsignificance used was c2
= 0.05, and the hypothetical variance (mean of all sample variances) was oJ
= 0.21.

Results showed that from the 74 wells, only 4 located in the valley pre'
sented a significant variance. However, since the 3.4 mglL fluoride concen-
lration range for each Zone is quite wide compared with the much smaller
seasonal variation, the latter does not affect the analysis.

Dental surveys: The distribution of school-age children (6-12 years old) se-
lected for the study belonging to the five fluoride concentration zones rs
shown in Table 2. The number of children surveyed was different for each
zone because the sample included the wlrole population and therefore had
different numbers of children identified by zones.

Dental damage by zone: Absolute and percentage frequencies for the five
fluorosis classificafions according to the range of fluoride concentrations in
the five zones are presented in Table 3. As the fluoride concentations in the

Huoride 34 (212001
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home water supplies increased, both the prevalence and severity of dental
fluorosis increased.

Table 2, Children surveyed by Zone

Table 3. Frequency distribution of dental fluorosis classifications for school
children grouped by fluoride content of their home water supplies

29
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Total 333
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In the lowest fluoride group (Zone I), in which the average fluoride con-
centration was 0.75 mgll-, 24% of the group did not exhibit dental damage
The remaining 76o/ohad, varying degrees of dental fluorosis, with the highest
incidence of I on the Dean scale, or very mild damage.

Results obtained from Zone tr show that the percent of children withour
dental fluorosis decreased to 14%, while the percentage with Dean indexes
of 2 and 3 rose. In Zone nI, where the average fluoride concentration was
6.7 mg/L, only 5%o of the children were free from dental fluorosis and 950,0
had Dean index values of 1, 2, or 3.

Results from Zone IV differ from those of the previous zones. In Zone N.
an increase in the percentage of non-affected children was seen; however, an
increased percentage of children with higher degrees of dental damage.

Fluoride 34 (2\ 2001



Denlalfluorosis and bone fractures 145

reaching Dean indexes of 4, also occurred. This finding can be attributed to

the fact that, in this zone, many of the habitants reported drinking bottled

water instead of tap water.

Results from the highest fluoride concentration areq Zone Y ' show that

the entire population surveyed had some degree of dental damage, with the
largest percentage in the Dean index level of 4. Inhabitants of Zone V not

oniy hutr" badly stained teeth, but at least 35% of them are at risk of losing

their teeth at early ages because of severe dental fluorosis. Of the total sam-

ple, 100% exhibited fluorosis, 4l% mild and 5970 moderate to severe.

As noted above, a dental fluorosis prevalence of 
'16%o wx found in Zone I

at fluoride levels lower than 1.5 mg/L, and 86%o was found in Zone II with

fluoride in the range of 1.51 to 4.99 mgll-. These values are lower than the

87% reported by Grimaldo et af fot water fluoride levels between 0 7 and

t.2 m{L in San Luis Potosi (SLP) Mexico. The same authors state that in

the USe, at least in the past, a prevalence of 837o conesponds to levels

above 3.7 mg/L. Summarizing, although fluoride concentrations are higher
in Durango, the prevalence of fluorosis is lower than in SLP, and closer to

the values reported in the USA.
The community index of dental fluorosis (CIDFf for each of the five

fluoride exposure groups is presented in table 4.

As seen in both Table 3 and Table 4, the prevalence and severity of dental

fluorosis exhibited a positive conelation with levels of fluoride in the

drinking water. Since the CIDF is not supposed to exceed 0.6 for public

health purposes, the values found in this study are therefore too high.

The weighted mean CIDF for the total sample was 1.49' somewhat higher
than the 1.42 weighted figure found in 1982-'

Unfortunately, there are no data on fluoride concentrations in the water

from 1982. During the last two decades, according to verbal information
from the National Water Commission, many existing underground water
levels became depleted, and, to sustain demand, deeper wells were drilled,
giving lower quality water.

Table 4. Community index of dentalfluorosis for children
grouped by fluoride content of their home water supplies

Fluoride range Average con-
centration dentalfluorosis (cl

1 . 0 3
1.29
1.26
1.44
2.78

Weighted mean = 'l.49

< 1.50
1.51 -  4 .99
5.00 - 8.49
8.50 - ' t1 .99
12.00 - 16.00

Total

0.75
3.25
6.74

10.24
14.00

Community index ofNo. of
children

s7
'112

38
27
59
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Epidemiological interprelation: From the results presented, a clear trend oi
increased dental damage with higher fluoride concentration in the drinking
water can be observed. Based on Dean's indexes, the most epidemiologi-
cally favourable conditions exist for people living in Zone I areas, where
water fluoride concentrations are below 1.5 mglL. The most unfavourable
conditions exist for people living in Zone Y areas. However, this does not
necessarily imply that a direct cause-effect relationship exists. What can be
infened is that inhabitants of areas with higher fluoride concentrations are at
higher risk.
Bone Jracture susceptibility: The clinical information gathered in the suwel
also permitted an analysis of bone fracture frequency in the population and
its conelation with the individual Dean dental fluorosis indexes independ-
ently of the fluoride zone. Data selection for this analysis was done taking
into account only individuals who had permanent residence in the zone, and
selecting only bone fractures that had ever occurred without apparent cause.
where a bone fracture would not normally be expected to occur. This indi-
cates that the fractures were not the result ofa clear major or minor trauma
Validation ofsuch an event was a diffrcult task because we depended on the
subjectivity of both the interviewer and the interviewed.

Tables 5 and 6 show the number of fractures found in both children (6-12
years: mean: 8.89, median = 9) and adults (13-60 years: mean = 30.28, me-
dian : 30) in relation to their Dean index classifications of dental fluorosis
and their corresponding fluoride concentration zone. Plotting normalized
bone fracture incidence versus corresponding Dean index revealed a linear
association with a conelation of R3:0.94 for children and R3= 0.98 for
adults (Figure 4). As is shown in these tables, the highest fracture incidence
for both groups was found in the fluoride concentration levels of 1.51 to
4.99 mglL, which is one of lower concentration zones rather than one of the
higher ones, as we expected. Plotting the incidence of fractures versus the
average corresponding fluoride concentration in each zone for the adults in-
dicated a third order polynomial correlation with R3 = 0.9995 (Figure 5).

Table 5. Number of fractures (fr) identified in children age 6 to 12
years associated with different degrees of dental fluorosis

Dental fl uorosis classifi cation
Normal Very mild Mild Moderate Severe

0 1 2 3 4
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Table 5. Number of fact$es (fr) identified in adults age 13 to 60 years
associated with differeEt degfeQs of defltal iuorosis

Dsnlal fl tlorosis da$mcation
Fluoride No. of Nomal Very mild Mitd Modsrate Severe

rangs (mg/L) Adults 'l

fr/no.
3

frlno.
< 1.50

1.51- 4.99
5.00 - 8.49
8.50 - 11.99
't2.00 - 16.00

Total

't92
' 
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s02
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E

E
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15.0
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. Dean indo(

Figurc 4, Bone fracfures vs Dean dental fluolosis index for
the adults and the cfiildten.

In Figure 5, the incidence offractures arnong the children is similar to that
of addG, with the o<ception of the third point, corresponding to the number
of ftactures presernted n Zcrlre 3. However, the total lengih of ogosur-o in
years for the children (mean age 8.99 yeus) is only one-third thd of the
"dultt 1to"* "ge 30.28 yers), rxrho hare lived 3.4 times as long as the chil-
dren. The olnerafl si-iiarity of percentages of nontrauma ftactues in the
two groups (children = 7.T/o:, adult = 6.37o) zuggests that the reldive
prevalence of such fractures among the children in relation to years ofexpo-

Ffrrdtule 34 (2)N1

/



148 Alarc6n-Henera, Martin-Domtngue.,'f]€.,!o'Vezqu€z, Rodriguez-Dozal

sule to fluoride is greater than in the adults. It is also possible that most of
the adult fractures occurred during childhoo4 but unfornrnarcly we did not
obtain this information during the population suwey. Results from fractures
versus fluoride concentations in children $able 5) could not be analysed
statistically. i.

a Adults r Children -Poly. (Adults)
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Figure 5. Fractrres in adults and children vs
average fluoride'concentration in each zone.

The difference between the cases ofbone fractures among adults in Zone I
and 2, and Zone I and 3 are statistically significant by chi-squared analysis
(f' *ith the Yates correction factor = 3.97 [p = 0.0461] and 4.188 [p =

0.040fl , respectively).
It is lnown that fluoride has negative effects on bone cell metabolisrne A

may increase bone quantity, but it can also decrease bone quality and
strength. In other specific studies, fluoride has shown paradoxical effects'
like the inhibition of human prostatic acid phosphatase at higher concenfr&
tions.s The fact that the incidence of fractures was found to decrease d
higher fluoride concentatiors may reflect a paradoxical effect. The correla
tion of bone fractures and dental fluorosis se€ms to be linear, but bone frac-
tures and fluoride water concentations show a third order pplynomial curve.
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We have no explanation for this finding, although a clear tendency was ob-

served. and this must be analyzed in future studies

coNcLUSIONS

Our findings show that nearly 84% of the wells drat supply drinking water

," iJJi,-G of the Guadiana Valley exceed the.maximum fluoride con-

.""it"*i ff-iJ established by both Mexican and intemational regulations'

e fri"fr", rirt "i increased denial damage is directly related to persons living

i" "ti.t *tf, ftigfter fluoride levels in their drinking water' A positive cone-

i"i"rL*"." ti" Dean index of dental fluorosis and the occurrence of bone

F;;;;;r;.-ists. A paradoxical behaviour was observed between the oc-

currence of fractures and fluoride concentration in water'
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