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a b s t r a c t
High ﬂuoride levels in drinking water sources are a problem throughout the East African
Rift Valley and can lead to dental ﬂuorosis (DF) and skeletal ﬂuorosis (SF) in exposed local
populations. Two villages in the Hai District of northern Tanzania in which ﬂuoride has been
identiﬁed as a problem were investigated in a pilot study. Fluoride levels in drinking water
sources were measured and the prevalence of DF and deformities due to SF were assessed
in children attending school in the two villages. The assessment also recorded the source of
drinking water as well as children’s height, weight and 3-day food diaries. Over one-quarter
of the children in both villages had skeletal deformities, despite one village having much
higher levels of ﬂuoride in its drinking water sources. More than 90% of children in both
villages had DF. SF and DF are major problems in this area. Deformities relating to SF are
common, but the reasons for individual susceptibility remain unclear and may include a
low calcium diet, ingestion of magadi (local salt) with high ﬂuoride, or genetic factors.
© 2010 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd.
All rights reserved.

1. Introduction
Problems due to high levels of ﬂuoride in Tanzania are
well established and it has been described as one of the
most severely affected countries in the world.1–3 Tanzania
is one of a number of countries listed by the WHO where
communities are at a high risk of being affected by high levels of ﬂuoride in their drinking water sources.1 Studies have
shown that the level of ﬂuoride in drinking water sources
is closely related to the surrounding geology.4 Fluoride in
drinking water is an issue affecting at least 25 countries
throughout the world, and tens of millions of people may be
affected.1 Much of the literature relates to India where signiﬁcant problems due to skeletal ﬂuorosis (SF) continue to
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be reported5 and where the populations in some areas continue to have exposure to high levels of ﬂuoride in drinking
water.6
High groundwater ﬂuoride levels generally occur in volcanic areas such as the East African Rift Valley.2,7 Similar
to Tanzania, studies in Kenya, Ethiopia and Malawi have
identiﬁed areas along the Rift Valley where high levels of
ﬂuoride are present in drinking water.8–10 The WHO have
recommended a maximum level of 1.5 parts per million
(ppm) as the standard for ﬂuoride in drinking water,1 the
Tanzanian government has set a maximum permissible
limit for ﬂuoride in drinking water of 8 ppm.11 A reason for
this difference may be that so many communities only have
access to water sources that are over the 1.5 ppm recommended by WHO and it would be difﬁcult and expensive for
the government to provide drinking water that meets the
WHO guidelines. Fawell (2006) makes it clear that factors
such as temperature, consumption and altitude can affect
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what ﬂuoride standard level should be adopted, and thus
the appropriate ﬂuoride level may be reduced in certain
regions.1
Since the 1960s, studies have investigated the effects
of ﬂuoride in drinking water in Tanzania.12 Such studies indentiﬁed that certain communities were using water
sources high in ﬂuoride and that such consumption was
leading to SF and dental ﬂuorosis (DF). Unfortunately,
even today many Tanzanian communities continue to be
severely affected by high levels of ﬂuoride in water. DF
and SF, the two key deleterious health impacts of a high
ﬂuoride intake, are widespread, but in Tanzania the most
affected regions are in the north and west.3 DF occurs during the formation of teeth and affects their overall structure
and integrity.13 The effects of DF range from hardly visible
white ﬂecks, to highly visible brown stains, to visible pitting of the tooth surface and eventual loss of the enamel
surface.13 SF is a disorder of the bone with symptoms
ranging from pain to crippling deformity.14 Socially and
economically such deformities exacerbate the problems for
many of the rural families in Tanzania who already live well
below the poverty line.
High ﬂuoride levels are predominantly found in groundwater sources.2 As the population in developing countries
increases, demand for water also increases and new sources
will have to be indentiﬁed. As existing sources are overburdened with population and demand increases, it is possible
that more communities will start accessing groundwater in
affected areas. The incidences of DF and SF could increase if
groundwater sources are not tightly regulated and tested.
Currently, groundwater sources in Tanzania, especially in
rural areas, are seldom checked for chemical content such
as ﬂuoride, due to lack both of equipment and of a regulatory body large enough to maintain testing of such a
widespread area of unofﬁcial drinking water sources. This
lack of testing, along with a lack of public awareness, can
lead to families suffering from SF and DF yet potentially
being unaware of the causes.
2. Materials and methods
This pilot study was carried out to investigate (i) the
ﬂuoride content of drinking water sources and (ii) the
prevalence of DF and SF deformities in school-age children
in two villages in Tanzania. The ﬁrst stage of the study was
to indentify those communities within the Hai District that
were accessing drinking water sources high in ﬂuoride. The
Hai District is in the Kilimanjaro region of northern Tanzania. The Hai District disease surveillance site comprises 52
villages. The population is predominantly rural with the
largest town being Boman’gombe, which is situated on the
main road running through the centre of the district. The
majority of the population lives in the northern part of Hai
on the forested mountain slopes of Kilimanjaro. The communities here mainly obtain drinking water from streams
and natural springs. The majority of the villages also have
access to a standpipe provided and operated by the Hai District Water Authority, with a small charge of US$0.20 per
20 l. In comparison, the population in the southern part of
Hai District is spread out over a large area of plains and
the environment is generally arid and dry for most of the

year. The main source of drinking water is groundwater
from hand-dug wells and, in a few cases, boreholes that
have been provided by non-governmental organisations or
charities.
Local community leaders were asked to identify the
main drinking water sources in each village. These sources
were then measured for ﬂuoride using a ﬂuoride ionselective electrode. From this initial survey, the villages of
Mtakuja and Tindigani were indentiﬁed as being the most
at risk due to the high levels of ﬂuoride (greater than the
WHO recommended level) and the lack of alternative water
sources. The primary school in each village was chosen as
a sample population and a survey was conducted among
157 children in Tindigani and 118 children in Mtakuja. The
survey was carried out in each school over 2 consecutive
days. Only children who were present and who had been
granted parental consent were surveyed. For each participant, demographic details, a history of where the child had
lived throughout his/her life, a written and photographic
record of any signs of DF or SF, a brief history of ﬂuorosis
in the family, and the location and type of drinking water
source used at home were obtained. The height and weight
of each child was measured and their body mass index
(BMI) was calculated. These BMIs were compared against
charts prepared by the National Centre for Health Statistics for African–American males15 and females16 aged 2–20
years. Food diaries were given out to each child who was
surveyed. The children were asked to ﬁll in the diaries for 3
days, indicating what they ate and how much. For younger
children, they were asked to simply ﬁll in the type of food
they ate.
A value for DF was calculated using the tooth surface
index of ﬂuorosis (TSFI) scale. This is based on a score of
0–7 and is summarised in Table 1.
Pictures were taken of the children’s incisors and
canines (six front teeth). Scores were taken from these photographs and were based on an average score for the visible
teeth. The pictures were scored by the principal investigator (JPS) who had received training from a dentist with
extensive experience in this ﬁeld.
Evident skeletal deformities were identiﬁed and
recorded by JPS in conjunction with local health staff. Leg
deformities were categorised into three main types as used
in previous studies:2,17 genu varum (bowed legs); genu
valgum (knock-knees) (Figure 1); and sabre tibia (forward
bowing of the tibia).
Statistical analysis of the data was carried out using
JMP 8.0 (SAS Institute, Inc., Cary, NC, USA). Differences in
mean TSFI scores between males and females, between residents and non-residents, and between age groups were
assessed using Student’s t-test. Differences between mean
TSFI scores with regard to drinking water source types were
assessed using the Tukey–Kramer HSD test.
3. Results
3.1. Drinking water sources
Of the study population, 75% in Mtakuja and 94% in
Tindigani were born and had resided only in their village
during their lives. Five different types of drinking water
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Table 1
Scoring system for tooth surface index of ﬂuorosis9 .
Score

Criteria

0
1

Enamel shows no evidence of ﬂuorosis
Enamel shows deﬁnite evidence of ﬂuorosis,
namely areas with parchment-white colour
that total less than one-third of the visible
enamel surface. This category includes
ﬂuorosis conﬁned only to incisal edges of
anterior teeth and cusp tips of posterior teeth
(‘snow-capping’)
Parchment-white ﬂuorosis totals at least
one-third of the visible surface, but less than
two-thirds
Parchment-white ﬂuorosis totals at least
two-thirds of the visible surface
Enamel shows staining in conjunction with any
of the preceding levels of ﬂuorosis. Staining is
deﬁned as an area of deﬁnite discoloration that
may range from light to very dark brown
Discrete pitting of the enamel exists,
unaccompanied by evidence of staining of
intact enamel. A pit is deﬁned as a deﬁnite
physical defect in the enamel surface with a
rough ﬂoor that is surrounded by a wall of
intact enamel. The pitted area is usually
stained or differs in colour from the
surrounding enamel
Both discrete pitting and staining of the intact
enamel exist
Conﬂuent pitting of the enamel surface exists.
Large areas of enamel may be missing and the
anatomy of the tooth may be altered. Dark
brown staining is usually present

2

3
4

5

6
7

271

Table 2
Drinking water sources used at home by school children in Mtakuja and
Tindigani, Hai District, Tanzania.
Village

Main drinking water sources

n (%)

Mtakuja

Hand-dug well
Piped water
Hand-dug well and piped water
Total
Hand-dug well
Borehole
Piped water
River/stream water
Hand-dug well and piped water
Borehole and piped water
Hand-dug well and borehole
Total

104 (88.1)
10 (8.5)
4 (3.4)
118 (100.0)
66 (42.0)
23 (14.6)
40 (25.5)
16 (10.2)
9 (5.7)
2 (1.3)
1 (0.6)
157 (100.0)

Tindigani

sources were identiﬁed. In Mtakuja and Tindigani only 3.4%
and 7.6% of students, respectively, used more than one
identiﬁed water source. It was understood that during the
school day all the children drank from the school’s water
source, which was also used for cooking their lunch. In
Tindigani the school’s water source was a borehole and in
Mtakuja it was a hand-dug well. Drinking water sources are
shown in Table 2.
In Mtakuja, hand-dug wells were by far the most frequently used source in homes (88.1%), with only 11.9%
having full or even partial access to piped water. In Tindigani the sources were more varied, with 32.5% having
partial or full access to piped water and 10.2% using river
water as their main source; however, the majority used
groundwater via a hand-dug well or a borehole.
Fluoride levels were measured from all of the sources
identiﬁed by the community leader in both villages. Table 3
shows the average level of ﬂuoride measured in each
source. In Tindigani there was only one borehole near the
primary school and only one river source (the Njoro River).
The piped water available to both villages was from the
same pipeline, but its outlets were only accessible to select
parts of each village as they were actually located in the
adjacent villages of Kia and Sanya Station.
All of the water sources, apart from the river and piped
water, were well above the WHO recommended level
of 1.5 ppm. In general, the community at Mtakuja was
drinking water with much lower ﬂuoride levels than the
community at Tindigani. These levels were comparable
with levels found in previous studies located in the neighbouring district of Arusha.12,17
Table 3
Fluoride concentrations of water sources in Mtakuja and Tindigani, Hai
District, Tanzania.
Village

Mtakuja
Tindigani
Figure 1. Male child suffering from skeletal ﬂuorosis in the village of
Mtakuja, Hai District, Tanzania.

Water source

Hand-dug well
Piped water
Hand-dug well
Borehole
Piped water
River/stream water

ppm: parts per million.

Fluoride concentration
(ppm)
Mean

Range

5.4
0.4
23.5
25.0
0.4
0.2

2.6–7.7
–
21.2–26
–
–
–
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Table 4
Percentile body mass index (BMI) of children in Mtakuja and Tindigani,
Hai District, Tanzania.

Table 6
Mean tooth surface index of ﬂuorosis (TSFI) scores for different water
sources in Mtakuja and Tindigani, Hai District, Tanzania.

Village

BMI percentile

n (%)

Village

Drinking water source

N

Mean TSFI

SD

Mtakuja

<5%
5–10%
11–25%
26–50%
51–75%
Total
<5%
5–10%
11–25%
26–50%
51–75%
Total

62 (52.5)
16 (13.6)
20 (16.9)
17 (14.4)
3 (2.5)
118 (100.0)
71 (45.2)
17 (10.8)
41 (26.1)
24 (15.3)
4 (2.5)
157 (100.0)

Mtakuja

Hand-dug well
Piped water
Hand-dug well and
piped water
Total
Hand-dug well
Borehole
Piped water
River/stream water
Hand-dug well and
piped water
Borehole and piped
water
Hand-dug well and
borehole
Total a

104
10
4

4.91
4.40
5.00

1.12
1.71
0.82

118
60
20
36
15
8

4.87
4.58
4.55
4.75
5.07
5.00

1.17
1.08
1.05
0.91
1.33
0.76

2

4.00

2.83

1

5.00

–

142

4.69

1.07

Tindigani

Tindigani

a

For 15 children the photographs were blurred or did not show enough
of the tooth surface for an accurate assessment and so were not included.

Figure 2. Young male with dental ﬂuorosis in the village of Mtakuja, Hai
District, Tanzania.

3.2. Nutrition
From the food diaries it was evident that every child ate
a diet of mainly maize, rice and beans. No child mentioned
any dairy products in their 3-day diary, although from
informal conversations it seemed that meat and dairy products were eaten perhaps once a week in small quantities.
Informal conversations also identiﬁed that a tenderising
salt, known locally as magadi, was often used during food
preparation.
Table 4 shows the BMIs of the children in the two villages. Nearly one-half of the school children had a BMI that
fell below the 5th percentile, indicating that they were
malnourished, with children in Mtakuja marginally more
malnourished than those in Tindigani.
3.3. Dental ﬂuorosis
Most of the children’s teeth were clearly affected by
ﬂuorosis (Figure 2). For 15 children the photographs were
blurred or did not show enough of the tooth surface for an
accurate assessment and so were not included. Owing to
differences in tooth development, the school populations
were split into two age categories to allow more accurate comparison. Table 5 shows the results by age group.

There were only three children under the age of 6 years
at Tindigani and none at Mtakuja; these were therefore
excluded from statistical analysis owing to the small number.
The majority of children at both schools had DF
with a TSFI score between 4 and 6. Table 5 shows the
mean and SD for each age range. There was no significant difference between the corresponding age groups
in each village (7–9 years, P = 0.35; ≥ 10 years, P = 0.63).
These results were quite unexpected as the water sources
in Tindigani had, in nearly all cases, almost double
the amount of ﬂuoride compared with those found in
Mtakuja. There were no signiﬁcant differences between
the male and female populations (P = 0.52) for all children. There was also no signiﬁcant difference between
children who were born in the villages and those who
had come from outside (P = 0.28). However, there was a
signiﬁcant difference between the age groups themselves
(P = 0.03).
Table 6 shows the drinking water sources used in
each village alongside the corresponding mean TSFI value.
Grouping the villages, there was no correlation between
the drinking water source and the mean TSFI using the
Tukey–Kramer HSD test.
3.4. Skeletal ﬂuorosis
Results of the leg deformity survey are shown in
Table 7. Over one-quarter of the children in both schools

Table 5
Tooth surface index of ﬂuorosis (TSFI) scores in different age groups in Mtakuja and Tindigani, Hai District, Tanzania.
Village

Mtakuja
Tindigani a

a

Age range (years)

7–9
≥10
0–6
7–9
≥10

N

24
94
3
50
89

TSFI score
Min.

Max.

Mean

SD

3
0
2
1
2

6
7
6
7
7

4.71
4.91
4.33
4.46
4.83

0.91
1.22
2.08
1.13
0.98

For 15 children the photographs were blurred or did not show enough of the tooth surface for an accurate assessment and so were not included.
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Table 7
Leg deformities seen in Mtakuja and Tindigani, Hai District, Tanzania.
Village

Type of deformity

n (%)

Mtakuja

No deformity
Knock-knee
Bowed legs
Sabre tibia
Total
No deformity
Knock-knee
Bowed legs
Sabre tibia
Total

88 (74.6)
18 (15.3)
11 (9.3)
1 (0.8)
118 (100.0)
109 (69.4)
30 (19.1)
12 (7.6)
6 (3.8)
157 (100.0)

Tindigani

were identiﬁed as having leg deformities (Tindigani 30.6%,
Mtakuja 25.4%).
4. Discussion
This pilot study has demonstrated a signiﬁcant problem of DF and SF in two villages in northern Tanzania.
Why children from the two villages appear to be equally
affected by ﬂuorosis despite signiﬁcantly higher ﬂuoride
levels in the water sources in Tindigani is not clear. The
lack of correlation between drinking water source ﬂuoride levels and DF severity may partly be due to the fact
that the biggest impact will be from the water source used
during the ﬁrst 2 years of life. Use of piped water, which
would generally reduce the overall level of DF, was only
provided in this area over the last 10 years and it is possible that only recently families began to access it. This
may contribute to the signiﬁcant difference in TSFI scores
between the age groups, with the 7–9 years group having a
lower TSFI scores, suggesting a change in ﬂuoride intake
in the younger generation. If this is the case we should
expect to see an even greater difference in the next generation of school children. However, it is important to note
that from a clinical perspective the difference is of minor
impact. Moreover, a more accurate assessment of DF, which
included the posterior teeth where ﬂuorosis is more visible, as well as the anterior teeth, may have offered a more
sensitive detection of DF and thus better differentiated the
two populations.
From the nutritional data, we have identiﬁed several
factors that may contribute to skeletal deformities. First,
there is a lack of calcium within the children’s diet, which
can exacerbate the problem of SF leading to osteoporosis. Second, malnourishment can cause stunted growth and
prevent the development of a healthy strong skeletal structure. Studies have shown that a diet with regular adequate
calcium intake can reduce the effects of high ﬂuoride, as
discussed in Weinstein and Davison,18 partly through binding ﬂuoride in the gut and thus preventing its absorption.
Studies in Tanzania have shown that magadi can in some
cases contain high levels of ﬂuoride.19–21 Use of magadi in
both villages may add to daily ﬂuoride intake and increase
the incidence of DF. Whilst this may account for why there
is little difference between the DF scores between villages,
magadi is also widely used in Tindigani and so the relative difference between the levels of ﬂuoride in drinking
water might still be evident in the DF scores. Therefore,
what this may suggest is that there is a maximum level of
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ﬂuoride that can be absorbed by an individual and once
intake reaches this saturation level additional effects are
not seen even at high ﬂuoride levels.
Comparing children who had moved to each village with
those who had been born in the village, the difference
between the TSFI scores was low. It is possible that children who moved into each village may have done so at a
very early age, or that they had high intake of ﬂuoride at
their previous residence as well.
Since DF occurs during the ﬁrst stages of life as the teeth
are developing, drinking water, nutritional habits and other
factors22 from birth (and perhaps even before) will have a
major effect on the level of DF seen in school-age children.
Thus, without this prospective information it is difﬁcult to
make any formal conclusions as to the exact reason for the
lack of difference in DF between the populations. What is
clear, however, is that DF is endemic in both populations.
Unlike DF, bone deformities caused by a high intake of
ﬂuoride do not necessarily occur during the ﬁrst 2 years
of life; rather, it is expected that these will appear during
the ﬁrst weight-bearing stages as the bones are still developing and will affect the major weight-bearing bones, i.e.
the legs. Thus, if a population of all ages began drinking
water high in ﬂuoride at the same time, we would expect
to see the most obvious deformities in younger children
and to a lesser extent teenagers. The results of this study
suggest that all the children surveyed have been exposed
to high levels of ﬂuoride at an age when their bones were
still developing.
To make certain that these bone deformities are indeed
SF, radiographs would also need to be taken. However, the
deformities seen in this population taken in conjunction
with the evidence of the high levels of ﬂuoride suggest that
ﬂuoride is likely to be the main cause. Christie17 carried out
a study of 252 children in a community drinking water in
the region of 21 ppm and found that 52% of the children
had deformities (23% knock-knees, 17% bowed legs and
12% sabre tibia). One reason for the lower rates reported
here may have been that only visible gross deformities
were recorded and more subtle deformities were not. During normal development children do go through a phase
of slightly valgus knees between the ages of 4 years and
7 years. However, the number of deformities is still very
high.
The abnormalities described here relate to a speciﬁc
manifestation of SF occurring in children, which has previously been referred to as juvenile osteosclerosis or
Kenhardt bone disease and has been described in South
Africa.23 It has also been described in India, Senegal and
Tanzania. The problem occurs in ﬂuorosis-endemic areas
where dietary calcium deﬁciency and protein malnutrition
exist and is different from the classical adult form of SF.
5. Conclusion
Many children with seemingly different levels of exposure to ﬂuoride (i.e. lower water source ﬂuoride levels in
Mtakuja than Tindigani) appear to have similar severity
of both DF and SF. It is therefore likely that other factors,
such as magadi intake, calcium intake and genetics, play
an important role. What cannot be ignored is that DF and
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SF are major problems in this area and there is an identiﬁable method of prevention, either through provision of
a safe piped water source or deﬂuoridation of high ﬂuoride water in situ, both at a household and community
level. Although the River Njoro in Tindigani provides water
with an acceptable level of ﬂuoride, it runs dry for most
of the year and is not accessible to some parts of the village. We are currently looking into the cost effectiveness,
efﬁcacy, acceptability and sustainability of different deﬂuoridation techniques such as bone char ﬁltration and solar
stills. Since this study took place, piped water with three
outlets has been supplied to Tindigani but unfortunately
without sufﬁcient pressure for ﬂow to be maintained during the dry season. Different ways of providing piped water
to Mtakuja are being explored. Also, further research is
planned to try and elucidate the reasons why, with similar
ﬂuoride exposure, some children develop skeletal deformities while others do not.
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