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Key Findings

n Nine years after an initial prevalence study in
Tindigani village in Northern Tanzania and following
increased use of low fluoride piped drinking water,
skeletal fluorosis (SF) is still an ongoing issue, as
evidenced by the emergence of new cases.

n Although the etiology of SF is complex and
multifactorial, fluoride exposure through drinking
water appears to be the largest contributing
factor, with high levels of fluoride found in well
and borehole water sources.

n Of the individuals screened, 3.3% had SF, a
decrease from 4.4% in 2009.

Key Implications

n Provision of low fluoride water sources requires
collaboration between public health officials and
local water authorities.

n There is a need to raise awareness about the
causes and prevention of SF among the
population in this area, as well as among public
health officials, local water authorities, and health
care professionals.

n This study can be used to highlight the importance of
low fluoride piped water and may be a reproducible
model for other endemic areas in Tanzania and
other countries along the East African Rift Valley that
have high fluoride water sources.

ABSTRACT
Objectives: Skeletal fluorosis is a metabolic bone disease caused
by excessive exposure to fluoride, predominantly through contami-
nation of drinking water. This study aimed to identify all cases of
skeletal fluorosis in Tindigani village situated in Northern Tanzania.
This was done following changes in drinking water sources after a
previous prevalence study in 2009 in this population.
Methods: In a door-to-door cross-sectional study of Tindigani vil-
lage, a sample of residents was assessed for skeletal fluorosis and
dental fluorosis. Diagnosis of skeletal fluorosis was based on pre-
defined angles of deformity of the lower limbs. Dental fluorosis
was diagnosed and graded using the Thylstrup and Fejerskov
Index. Samples from current drinking water sources underwent
fluoride analysis.
Results: Tindigani village had a population of 1,944 individuals.
Of the 1,532 individuals who were screened, 45 had skeletal fluo-
rosis, giving a prevalence of 3.3% (95% confidence interval [CI]¼
2.4, 4.3). Dental fluorosis was present in 82.5% of those examined
(95% CI¼79.8, 85.3). Dental fluorosis was present in all individuals
with skeletal fluorosis and at higher grades than in the rest of the
population. Drinking water samples were collected from 28 sources.
These included piped, surface, well, and borehole water sources.
Fluoride concentrations ranged from 0.45–38.59 mg/L of fluoride.
Conclusions: Skeletal fluorosis is an ongoing but preventable
health problem in the current population. The delivery of sustain-
able low fluoride piped water to this community would be of clear
health benefit. This has been addressed at a local level.

INTRODUCTION

Fluorosis affects around 70million peopleworldwide1

but remains a neglected public health concern.2 The
East African Rift Valley system, which traverses Tanzania,
is a well-documented high fluoride area1,3,4 with fluoride
contamination of ground and surface drinking water
sources from underlying rock.1,5–9 Drinking water is the
largest single contributor to daily fluoride intake.1,8 The
United Nations Sustainable Development Goal 6 aims
to achieve universal access to safe drinking water by
2030 and references fluoride as a priority chemical for
water quality testing.10 Fluoride is unevenly distributed
in ground and surface water, both vertically and horizon-
tally.8 This makes mapping low fluoride areas exception-
ally difficult, and water quality testing for excessive
fluoride concentration is often not undertaken.5
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Once ingested, fluoride is incorporated into
calcium-rich areas, including the dental and skele-
tal systems.1,11 Low concentrations of fluoride in
drinking water, 0.5–1 mg/L, are associated with
cariostatic benefits.12 This is particularly seen in
children1,12,13 and has shown improved skeletal
health.3 The World Health Organization (WHO)
recommends that the permissible upper limit of
drinking water fluoride is 1.5 mg/L (equivalent to
1.5 parts per million).3,8,9,14,15 However, it is pre-
dicted that 30%3,16 of drinking water sources in
Tanzania are above theWHO recommended limit.
Intake exceeding 1.5 mg/L is associated with neg-
ative health impacts.3,6,17 These fall under the
umbrella term of endemic fluorosis,11,15 which
encompasses dental fluorosis (DF) and skeletal
fluorosis (SF). DF causes marked pitting1 and dis-
coloration8 of the teeth. Although changes are
largely cosmetic, the teeth become brittle and
mastication difficulties may arise.18 The Thylstrup
and Fejerskov Index (TFI) is used to accurately
grade DF from normal enamel translucency with
no evidence of fluorosis (grade 0) to loss of the
main part of enamel with changed anatomical ap-
pearance (grade 9).19

SF (osteofluorosis3 or hydric fluorosis11) is a
chronicmetabolic bone disease20 due to excessive ex-
posure to higher levels of fluoride, 4–8 mg/L.1,3,8,21

Intake over 10 mg/L is linked to crippling SF,1

associated with profound immobility.3,16 SF is
characterized by a combination of osteosclero-
sis, osteoporosis, osteomalacia, exostosis,7,11,18,22

calcification of ligaments and tendons, and extreme
bone deformity.1 The cervical and lumbar verte-
brae and major joints of the extremities11 are most
severely affected and can lead to pathological frac-
tures.23 Characteristic deformities include genu
varum, genu valgum, and saber tibia.11 Neurological
complications occur secondary to skeletal changes as
a result of mechanical compression of nerves.23

Juvenile SF, also known as Kenhardt bone dis-
ease,11,24,25 describes the condition in children
and adolescents. Radiology offers the best meth-
od for confirmation of diagnosis in SF through
identification of osteophytes at muscular inser-
tion sites11 and exclusion of active rickets, which
presents with a similar clinical picture.25 Serum
fluoride measurements rarely help with diagno-
sis.11 Without radiology, there is no specific grad-
ing system for SF and diagnosis is more difficult.

There is no established treatment for fluoro-
sis.11,20,26Management focuses on symptomallevia-
tion,14 orthopedic intervention,27 and prevention of
further exposure. In remote areas, individuals are
forced to live with severe deformities, often unable

to walk without pain. Unfortunately, many initia-
tives for defluoridation have failed,1,28 and most are
expensive and inefficient in rural communities.3,29

One that has been used locally in Tanzania is filtra-
tion of water through bone char, but this process
affects the water’s taste, which many people do not
find palatable.30 The filters come in different sizes,
such as for a family or whole village. However,
when the fluoride level in the water is very high,
the bone char may need to be replaced frequently,
which can prove limiting.30 Exposure to sunlight,
with resultant evaporation of water and collection
of condensate, can also be used to lower fluoride
levels, but this is very cumbersome in anything but
small volumes.31 The most effective long-term solu-
tion to minimize fluoride toxicity is the provision of
sustainable, low-fluoride piped water to affected
areas. Although fluorotic enamel changes cannot
be reversed,18 SF is regarded as partly reversible, as
damaged osseous tissue is replaced when fluoride
ingestion stops.18

It is not fully understood why individuals in
the same environment with the same exposure to
the same level of fluoride show different severities
of or apparent total absence of SF.15 Links to low
body mass index (BMI),18 the use of trona or
magadi (a fluoride rich food tenderizer),32,33 and
potential protective effects of estrogen11 have all
been demonstrated. However, the full effects of
these variables on the pathogenesis of the disease
are still unknown. Recent research from Ethiopia
supports the premise that low dietary calcium in-
take is significantly associated with SF among
women22,34 and school-aged children.28

There are no published incidence rates for SF in
sub-Saharan Africa. In 2004, SF was identified in
Tindigani village, which is within a demographic
surveillance site in the Hai district of Northern
Tanzania.4,24 In 2009, a case-control study assessed
the prevalence and etiology of SF within Tindigani
village24 and identified 56 cases of SF. The population
previously relied on river water, wells (generally
dug byhand), andboreholes (mechanically dug) pro-
vided bynongovernmental organizations (NGOs).4,24

After the 2009 original prevalence study, resi-
dents were educated about the risks of high fluoride
and informed of sources with the highest concen-
trations, namely borehole pumps and wells. The
Hai District Water Authority installed piped wa-
ter to Tindigani village in 2010, but there have
been problems with maintaining the supply.
Residents often face a long commute on foot to
neighboring villages with piped water, as well as
financial constraints (US$0.20 per 20 L).4

This follow-up study aimed to assess SF in
Tindigani village 9 years after the original prevalence

There is no
established
treatment for
fluorosis, and
management
focuses on
symptom
alleviation,
orthopedic
intervention, and
prevention of
further fluoride
exposure.
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study was conducted to gain an accurate estimate of
the prevalence of clinically visible SF. As a follow-up
study, this is the first of its kind to accurately calcu-
late the incidence rate of SF in a population in sub-
Saharan Africa.

METHODS
Design
A cross-sectional, door-to-door prevalence study
with selective sampling of drinking water sources.

Data collection occurred between March and
May 2018. This was undertaken by AF and CS,
assisted by 2 Tanzanian assistant medical officers
(JM, AM). A village enumerator assisted with
translation between Swahili and local tribal
languages. This study used recent census data
(2018) for background demographic details.

Setting
This study was conducted in Tindigani village in
the south of the Hai district of Northern Tanzania.

Door-to-Door
The lead member of each household confirmed
the household name along with the name, age,
and sex of all occupants. Signs of clinically visible
SF were described to identify possible cases of SF
in absent household members. Where SF was pre-
sumed or queried in an absentee, the household
was revisited to allow for musculoskeletal assess-
ment. This sampling method allowed all members
of the population to be screened for SF, aiming for
the majority to be assessed in person.

Village School and Kindergarten
Visits to the village school and kindergarten iden-
tified children absent at the time of door-to-door
assessments. Name, age, and household name
were taken from registers to allow matching of
children to households.

SF
Data collectors were trained by HJ to perform a
musculoskeletal assessment to identify and quan-
tify clinically visible SF, reflectingmethods used in
the original prevalence study. A 12-inch protrac-
tor goniometer was used tomeasure coronal tibio-
femoral (CTF) angles. Genu varum (bow legs) is
defined as a CTF angle of more than 7 degrees,
and genu valgum (knock knees) is present when
the angle is negative.24 Participants were also
screened for saber tibia (anterior convexity of the
tibia). Identifiers (name, age, and household name)

of those with SF were matched to a case list to iden-
tify follow-up cases from the 56 identified in the
original prevalence study.24

DF
A dental specialist, PM, provided training in assess-
ment and dental photography. Dental examination
of the mandibular central incisors identified DF.
Consenting participants had photographs taken us-
ing a Nikon D90 camera. Photographs were graded
using TFI, with a proportion verified by a dental
specialist (PM).

Water Sources
Information on current and historical drinking wa-
ter sources was obtained. Noting historical drinking
water sources, specifically those in 2009, allowed
for comparison over time.

A sample from accessible drinking water sources
was taken for analysis. This systematically selective
nature of sampling has been used in previous stud-
ies.1 Samples were collected in 30 ml polypropylene
containers. It was labeled at the sample site and
transferred to the United Kingdom for analysis
at Newcastle University School of Engineering.
Sample analysis involved a Thermo Scientific
Dionex Integrion HPIC unit with 5 concentra-
tions of fluoride for the standard calibration
curve (0.5, 2, 5, 10, and 20 parts per million), as
used in previous studies.35

Statistical Analysis
Data underwent statistical analysis using SPSS
Version 24 for Windows. Confidence intervals for
prevalence and proportions were calculated based
on the assumptions of the binomial distribution.
In bivariate analysis, the Mann-Whitney U test
and chi-square test were used to assess significance
for continuous and categorical variables, respec-
tively. A binary regression model, with backward
stepwise (likelihood ratio), was used to adjust the
relationship between SF and other potential con-
founders in the study. The dependent variable was
the presence of SF. The independent variableswere
age, BMI, and TFI grade. Statistical significancewas
fixed at a P value of less than .05.

Ethical Approval
Ethical approval was granted by the National
Institute for Medical Research, Tanzania, and the
Kilimanjaro Christian Medical University College.
Participation in the study was voluntary andwith-
out compensation.
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RESULTS
Of the total 1,944 Tindigani population, 1,359
(69.9%) were screened via door-to-door and
school and kindergarten visits (Figure 1). Children
seen at school and kindergarten were matched to
households in 49.9%of cases. Of the 1,359 screened,
671 (49.4%) were male, giving a male-to-female ra-
tio of 1:1.03, similar to the male-to-female ratio of
1:0.97 in the total population.

Prevalence of SF
Of the1,359 screened, 780 (57.4%)were assessed, and
45 cases of SF were identified (Figure 1). Therefore,
the prevalence of SF in all individuals screened is
3.3% (95% confidence interval [CI]¼2.4, 4.3),
compared to 4.4% (95% CI¼3.3, 5.6) in 2009.24

Age-specific prevalence rates show that SFwas
most common in those aged 40–44 years (Table 1).

The highest number of SF cases (n¼12) was seen
in those aged 10–14 years. SF cases in the original
prevalence study ranged from 2 to 30 years. When
using that same age range in this study, the 15–19
years group had the highest prevalence of SF, com-
pared to 10–14 years in the original prevalence
study.24

Incidence of SF
Of the 45 cases identified, 18 were new cases and
the remaining 27 were follow-up cases identified
from the original prevalence study.24 Therefore,
the incidence rate for SF in this population since
2009 was 1.69 per year per 1,000 population.

DF
TFI grades were ascertained for 750 (55.2%) of
those screened. DF was endemic in the village, seen

FIGURE 1. Flow Chart to Show Identified Cases of Skeletal Fluorosis, Tindigani, Tanzania

Of the 45 cases of
SF identified, 18
were new cases
and the remaining
27were follow-up
cases identified
from the original
prevalence study.
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in 619 (82.5%; 95% CI¼79.8, 85.3) individuals. DF
was present in all cases with SF and of a higher
grade in comparison to the rest of the population
(Figure 2). Therewere no instanceswhere an indi-
vidual with SF had a TFI grade below grade 2, with
the majority having a TFI grade 4 and above.
A higher percentage of those with SF, when

compared to absence of SF, were seen with TFI
grade 6 and above.

Age
In multivariable binary logistic regression
modeling, a significant association was seen be-
tween SF and age when TFI grade and BMI were

TABLE 1. Age-Specific Prevalence Rates of Skeletal Fluorosis, Tindigani, Tanzania

Age Range, Years Cases, No. Study Population, No. Prevalence, % (95% CI)

0–4 1 260 0.38 (0, 1.1)

5–9 7 344 2.0 (0.5, 3.5)

10–14 12 229 5.2 (2.4, 8.1)

15–19 6 84 7.1 (1.6, 12.7)

20–24 5 91 5.5 (0.8, 10.1)

25–29 5 80 6.3 (0.9, 11.6)

30–43 2 66 3.0 (0, 7.2)

35–39 0 36 0

40–44 3 31 9.7 (0, 20.1)

45–49 2 34 5.9 (0, 13.8)

50–99a 2 104 1.9 (0, 4.6)

Total 45 1359 3.3 (2.4, 4.3)

Abbreviation: CI, confidence interval.
a Age bands combined due to low numbers of cases in each age range. 95% confidence interval (CI) negative values rounded to 0.

FIGURE 2. Percentage per TFI Grade Split by Presence of Skeletal Fluorosis, Tindigani, Tanzania

Abbreviations: SF, skeletal fluorosis; TFI, Thylstrup and Fejerskov Index.
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controlled (1.403; 95% CI¼1.222, 1.609; P<
.001).

Comparison of Those With andWithout SF
This study found no significant difference between
sexes (P¼.805) regarding the presence of SF but
did show a significant difference in mean age
(P¼.001) and mean TFI grade (P<.001) (Table 2).

Case ComparisonWith Original Prevalence
Study
Of the 18 new cases, 15 were aged 2–30 years, and
this range was used to allow direct comparison of
data with the cases in the original prevalence
study.24 Evidence of CTF angle abnormalities was
found in 5 individuals, of whom 4 showed angles
consistent with major genu varum and 1 showed
major genu valgum. The remaining 10 cases
(66.7%) had signs of genu varum but did not
meet the greater than 7 degrees criteria.24

Compared to the 2009 original prevalence
study, the effects of SF are less severe, shown by
reduced mean CTF angles, no presence of saber
tibia, and reduced impact on education (Table 3).
However, SF is still an issue in this community, as
evidenced by 20% of the new cases who felt un-
able to achieve daily tasks.

DrinkingWater Sources
Of the total cohort, 1,155 (85%) participants were
linked to 229 households with information about
current and historical drinking water sources. Of
these, 956 (82.8%) reported current use of piped
drinking water from neighboring villages. The re-
maining 199 (17.2%) still used well (8.1%), surface
(river or spring [6.0%]), and borehole (3.1%) water
sources.

Furthermore, 1,080of the1,155 (93.5%) recalled
their main source of drinking water in 2009, with
578 (53.7%) using a borehole installed by an NGO
in 1999. During this study, this borehole pump was
broken, so a sample could not be obtained. In
2009, only 5.8% used piped water, and those

not using the NGO borehole used surface
(30.1%) and well water (10.4%).

A total of 28 samples were collected from ac-
cessible current drinking water sources within
Tindigani village and the neighboring villages,
Sanya Station and Rundugai. Fluoride concentra-
tions from all samples were compared to levels
seen in the 2009 study to assess change over time
(Figure 3). The average concentration of fluoride
in samples from surface and well water has de-
creased since 2009.24 Interestingly, the concentra-
tions taken from piped sources have slightly
increased, with 1 sample exceeding the WHO
recommendation by 0.06 mg/L. However, all
piped water samples remain well below the lev-
el that poses a risk of SF.

At school, children were accessing an NGO
borehole installed in 2016 that had a fluoride con-
centration of 12.6 mg/L, over 8 times the recom-
mended value fromWHO.9,13

DISCUSSION
This follow-up study reassessed a population
9 years after an initial prevalence study following
changes to drinking water sources. As a follow-up
study, this is the first of its kind to calculate the in-
cidence rate of SF in a population in sub-Saharan
Africa and found the incidence to be 1.69 per year
per 1,000 population.

The use of low fluoride piped water has in-
creased from 5.8% in 2009 to 82.8% in 2018, yet
access is restricted due to financial constraints and
a lengthy commute to neighboring villages on foot,
averaging 4 hours for a return trip. Accessibility
limits not only the elderly and the sick but will
mean all members of the population might use
unsafe, high fluoride drinking water due to ease of
access.

This study has identified high levels of fluo-
ride in well and borehole water sources. Unlike
wells, NGO-installed boreholes provide protec-
tion against pathogenic contamination, though
this study highlights that boreholes pose an in-
creased risk in terms of fluoride concentration.

TABLE 2. Comparison Statistics Between Skeletal Fluorosis and No Skeletal Fluorosis, Tindigani, Tanzania

Skeletal Fluorosis No Skeletal Fluorosis Statistical Test Used Significance

Mean age 21.93 17.36 Mann-Whitney U P¼.001(U¼2,109.5)

Male-to-female ratio 23:22 647:667 Pearson Chi-Square P¼.805(x2¼0.651)

Mean Thylstrup and Fejerskov Index grade 4.96 3.21 Mann-Whitney U P<.001(U¼5,935.5)

This study is the
first of its kind to
calculate the
incidence rate of
SF in a population
in sub-Saharan
Africa.
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Although the majority of households now collect
low fluoride water from piped sources, schoolchil-
dren are still exposed to high fluoride water from
an NGO borehole during the school day.

The current prevalence of SF in this population
is 3.3% (95%CI¼2.4, 4.3) and has decreased from
4.4% in 2009 (95% CI¼3.3, 5.6),24 likely due to
the increased use of piped drinking water. These
prevalence rates are much lower when compared
to other countries: 22.3%21 in India and 26.2% in

a study of a similar size in China.20 However, all
those affected by SF are left with lifelong disabling
deformities andmay be unable to work or contrib-
ute to wider society. In this community, work
involves manual labor in farming, herding cattle,
and fetching firewood and water. When compar-
ing new cases of SF to cases identified in the origi-
nal prevalence study, the effects of SFwere seen to
be less severe, shown by reducedmean CTF angles
and absence of saber tibia. However, SF still

TABLE 3. Comparison Between 2009 Original Prevalence Skeletal Fluorosis Study and 2018 Case Findings,
Tindigani, Tanzania

Finding 2009 (n556) 2018 (n515)

Mean Thylstrup and Fejerskov Index gradea 6 5

Mean coronal tibiofemoral angle in worse leg with genu varus 10.17 6.16

Mean coronal tibiofemoral angle in worse leg with genu valgus �9.47 �3

Saber tibia, no. (%) 18 (32) 0 (0)

Education affected, no. (%) 17 (30) 1 (6.6)

Unable to achieve daily tasks, no. (%) 17 (30) 3 (20)

a Thylstrup and Fejerskov Index grade treated as a continuous variable.

FIGURE 3. Change in Fluoride Concentration of Different Drinking Water Sources Between 2009 and 2018,
Tindigani, Tanzania
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remains an ongoing issue impacting an indivi-
dual’s ability to perform daily tasks.

SF cases in the original prevalence study ran-
ged from 2 to 30 years. When using this same age
range in this study, 15–19 years has the highest
prevalence of SF compared to 10–14 years in the
original prevalence study.24 One of the boreholes
with highest levels of fluoride was set up in 1999,
and therefore people agedolder than19yearswould
not have been affected by this water source during
childhood. Thiswould have affected younger people
in the original prevalence study.

A significant association was seen between SF
and age when TFI grade and BMI were controlled
for (1.403; 95% CI¼1.222, 1.609; P<.001). This
finding makes logical sense, as with increasing
age, the individual has been exposed to high fluo-
ride consumed in drinkingwater for a longer period
of time and is in keeping with other studies.20,22,28

Previous studies identify estrogen as a pro-
tective factor for SF,11 with lower rates of SF
seen in females.11,24 This study found no signif-
icant difference between sexes. The reason for
this is unknown, although exposure to higher
concentrations of fluoride in this environment
may surpass the protective effects of the hor-
mone and may explain why females are also af-
fected in this population.

It has been shown that increased dietary calci-
um may mitigate the severity of SF, and it is im-
portant to consider promoting high-calcium foods
or supplements that are cost-effective and sus-
tainable, such as calcium-containing eggshell
powder supplementation, which has been test-
ed in Ethiopia.22,28,34

Amajor advantage of this study is the large sam-
ple size. The reliability of the demographic data is
strengthened by the comparison of results from the
recent census within this established demographic
surveillance site. The use of door-to-door assess-
ment with school and kindergarten assessments
provided 2 overlapping data sources, and data entry
was reviewed for duplicates and omissions.

This study produced unique follow-up data
for cases with SF. Longitudinal interpretation of
changes in fluoride concentration over time were
based on robust water fluoride level analysis. The
use of analogous methods allows direct compari-
son of results to those obtained from the original
prevalence study.24

Limitations
A major limitation of this study is that 30.1% of
the population was not seen due to inaccessibility

of certain areas during the wet season. However,
as passable areas changed over time, it is unlikely
a whole area of individuals with different findings
would have been identified. As a result, the preva-
lence rate of 3.3% is likely representative of the
whole population. Studies have shown seasonal
variations in fluoride levels,32,36 with higher levels
reported in dry seasons,3,32 due to dilution effects
exerted by rainfall.3 Therefore, the concentrations
obtained in this studymay be an underestimation.

Although Tindigani is a demarcated village
within a demographic surveillance site, the vil-
lage boundaries may have changed as the popu-
lation increased in size. Every effort was made to
ensure those in the study had lived in Tindigani
village for their whole lives to obtain an accurate
comparison to the 2009 study.

Door-to-door assessments relied on members
of households to identify clinically visible SF in an
absentee, which was deemed appropriate as there
was existing knowledge about SF in the popula-
tion following the original prevalence study.
When SF was presumed or queried in an absen-
tee, the household was revisited. This was parti-
cularly important as nomadic cattle herding was
common in this area, resulting in multiple mem-
bers of the household, particularly males, being
absent at any given time.

Unlike the TFI for DF, SF lacks a robust grading
system without the use of radiology, which has also
beena limitation inother studies.34Consequently, di-
agnosis in the field relies on the use of CTF angles for
grading the severity of genu varumand genu valgum
deformities. CTF angles change with development of
the bones in the lower limbs.37,38 Genu varum is
maximal at 6 months39 yet abnormal beyond the
age of 2 years.37,39,40 Physiological genu valgum,
maximal at 4 years,39 can persist up to the age of
7 years.37 Both genu varum and valgum should
correct spontaneously38 to a mean of “less than
6 degrees” and to a “neutral (0 degree)” CTF an-
gle,39 respectively. CTF angles have been quoted
as the accurate way to quantify angulation.40

However, the use of CTF angles alone cannot
rule out active rickets as a differential diagnosis,25

and CTF angles may only identify gross clinically
visible limb abnormalities, unlike radiographs,
which can identify early SF. Therefore, it is likely
SF is under-reported in this study. As all individuals
with SF had DF and their DF was of a higher grade
in comparison to the rest of the population, DFmay
highlight an area suitable for diagnostic screening
for those at risk of SF.

Another limitationwas the use of recall. Reports
of historical water sources used by households are
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potentially subject to recall bias. It cannot be con-
firmed that the high fluoride drinkingwater is the
only factor causing SF in this population. Other
factors may interact and contribute to SF, and
studies have shown the contribution from food
can exceed that from water.13 Ethiopian studies
have shown calcium deficiency exacerbates
symptoms of SF,22,28 and supplementation in the
form of calcium-containing eggshell powder has
been shown to be beneficial.34 Other influencing
factors have been described, including social
demographics, activity levels, health status,15

and genetics.4,20 These additional factors may go
some way towards explaining why some are se-
verely affected with crippling deformities while
others are seemingly unaffected.

CONCLUSIONS
This follow-up study uniquely identifies the inci-
dence rates for SF in this area and suggests that
SF in this population is an ongoing issue. It is the
first study in sub-Saharan Africa to measure the
incidence of SF. Although the etiology of SF is
complex and multifactorial, fluoride exposure
through drinking water appears to be the largest
contributing factor. The use of low fluoride piped
water in Tindigani has increased significantly, yet
despite this, SF is still an issue within this popula-
tion, as evidenced by the emergence of new cases.
SF can lead to lifelong disability from an early age.
Affected children miss time at school due to pain
preventing them from walking. Without higher
education, these children are limited tomanual la-
bor in subsistence farming or cattle herding, both
of whichmay be intolerable due to the joint defor-
mities caused by SF.

NGO-installed boreholes used historically and
at present were shown to have fluoride concentra-
tions well above the WHO-recommended stan-
dard. This calls for increased awareness regarding
fluoride testing when establishing the water
source and regularly thereafter, as fluoride levels
may vary over time. Residents should be advised
to reduce their exposure to high concentrations
of fluoride by accessing piped water. However, in
this low-resource setting, it is difficult to prohibit
the use of well or borehole sources, as these save
individuals time, energy, andmoney. Somemem-
bers of the population have no choice but to use
high fluoride sources for drinking water due to fi-
nancial constraints.

Although local solutions may be feasible, it is
important to look at the wider problem, as SF
affects many communities in East Africa in the

Rift Valley region, including in Ethiopia, Kenya,
and Tanzania. Large-scale solutions such as piping
water with safe fluoride levels from other areas
could have a major impact, but in exceptionally
rural areas, this is very challenging. Other mea-
sures, such as promoting high-calcium foods or
low-cost dietary calcium supplementation (e.g.,
eggshell powder), have been shown to help miti-
gate symptoms of SF.

The response to the ongoing issue with SF
should not be exclusively based on future re-
search. It can be predicated that SF will continue
to be an issuewithin Tindigani without affordable,
low fluoride piped water within a reasonable com-
mute of households. This has been addressed by the
government at a local level following maintenance
and reinstallation of accessible, low fluoride
piped water from Uroki Bomang’ombe Water
Supply and Losaa KIA Water Supply. Ensuring
continued access to sustainable, low fluoride
piped water in the long term is paramount to
prevent potentially crippling SF in the future
in this community.

There is a need to raise awareness about the
causes and prevention of SF among the popula-
tion in these areas, as well as among public health
officials, local water authorities, and health care
professionals.

This study can be used to highlight the impor-
tance of low fluoride piped water and may be a
reproducible model for other endemic areas in
Tanzania and other countries along the Rift Valley
with high fluoride water sources.

Acknowledgments: The authors would like to thank the subjects for their
participation in this study. We would like to acknowledge the Hai
Demographic Surveillance Site Team and Jane Rogathi for translation of
questionnaires. We thank Sophia Mhari, village enumerator, for her
assistance with translation and data collection. We thank Dr Paul Sallis
and his team at the School of Engineering, Newcastle University, who
were responsible for the fluoride sample analysis.

Author contributions: AF, CS: lead on study data collection and
analyses; GG: data statistical analysis and article drafting; JM, AM:
assistance with translating and data collection; WG: assistance with
statistical analyses; BM, DR, IH: study design and local arrangements
relating to data collection; PS: responsible for water fluoride analyses;
HJ: training and advice; DB: advice about provision of water supplies
locally in the Hai District; RW: original research concept, design of study,
and overseeing of data collection and data analyses.

Competing interests: None declared.

REFERENCES
1. Fawell J, Bailey K, Chilton J, Dahi E, Magara Y. Fluoride in Drinking-

Water. IWA Publishing; 2006.

2. Rasool A, Farooqi A, Xiao T, et al. A review of global outlook
on fluoride contamination in groundwater with prominence
on the Pakistan current situation. Environ Geochem Health.
2018;40(4):1265–1281. CrossRef. Medline

Prevalence of Skeletal Fluorosis in Northern Tanzania www.ghspjournal.org

Global Health: Science and Practice 2023 | Volume 11 | Number 6 9

https://doi.org/10.1007/s10653-017-0054-z
http://www.ncbi.nlm.nih.gov/pubmed/29260447
http://www.ghspjournal.org


3. Malago J, Makoba E, Muzuka AN. Fluoride levels in surface and
groundwater in Africa: a review. Am J Water Sci Eng. 2017;3(1):
1–17. CrossRef

4. Shorter JP, Massawe J, Parry N, Walker RW. Comparison of two
village primary schools in northern Tanzania affected by fluorosis. Int
Health. 2010;2(4):269–274. CrossRef. Medline

5. Smedley P, Nkotagu H, Pelig-Ba K, et al. Fluoride in Groundwater
FromHigh-Fluoride Areas ofGhana and Tanzania. BritishGeological
Survey; 2002. Accessed November 21, 2023. https://resources.bgs.
ac.uk/sadcreports/tanzania2002smedleyfluoridecr02316n.pdf

6. Sebastian S, Sunitha S. A cross-sectional study to assess the intelli-
gence quotient (IQ) of school going children aged 10-12 years in
villages of Mysore district, India with different fluoride levels. J Indian
Soc Pedod Prev Dent. 2015;33(4):307–311. Medline

7. Simon MJK, Beil FT, Riedel C, et al. Deterioration of teeth and alveo-
lar bone loss due to chronic environmental high-level fluoride and
low calcium exposure. Clin Oral Investig. 2016;20(9):2361–2370.
CrossRef. Medline

8. Susheela A, Mudgal A, Keast G. Fluoride in water: an overview.
Waterfront. 1999;13:11–13. Accessed November 21, 2023.
http://www.dealmortgage.net/fluoride-class-action/unicef-
fluoridein-water-1999.pdf

9. Gorchev HG, Ozolins G; World Health Organization. WHO guide-
lines for drinking-water quality.WHO Chron. 1984;38(3):104–
108. Medline

10. United NationsWater (UN-Water). Integrated Monitoring Guide for
SDG 6: Targets and Global Indicators. UN-Water; 2016. Accessed
November 21, 2023. https://www.unwater.org/sites/default/
files/app/uploads/2016/04/Integrated-Monitoring-Guide-for-
SDG6.pdf

11. Krishnamachari KA. Skeletal fluorosis in humans: a review of recent
progress in the understanding of the disease. Prog Food Nutr Sci.
1986;10(3–4):279–314. Medline

12. GuissoumaW, Hakami O, Al-Rajab AJ, Tarhouni J. Risk assessment
of fluoride exposure in drinking water of Tunisia. Chemosphere.
2017;177:102–108. CrossRef. Medline

13. World Health Organization (WHO). Fluoride in Drinking-water.
WHO; 2004. Accessed November 21, 2023. https://cdn.who.int/
media/docs/default-source/wash-documents/wash-chemicals/
fluoride-bd.pdf

14. Gupta N, Gupta N, Chhabra P. Image diagnosis: dental and skeletal
fluorosis. Perm J. 2016;20(1):e105–e106. CrossRef. Medline

15. Liu G, Ye Q, ChenW, Zhao Z, Li L, Lin P. Study of the relationship
between the lifestyle of residents residing in fluorosis endemic areas
and adult skeletal fluorosis. Environ Toxicol Pharmacol. 2015;40
(1):326–332. CrossRef. Medline

16. Mjengera H, Mkongo G. Appropriate deflouridation technology for
use in flourotic areas in Tanzania. Phys Chem Earth, Parts A/B/C.
2003;28(20–27):1097–1104. CrossRef

17. Buzalaf MAR, ed. Fluoride and the Oral Environment. Monographs
in Oral Science Vol. 22. Karger; 2011. CrossRef

18. Roholm K. Fluorine Intoxication. A Clinical-Hygienic Study, with a
Review of the Literature and Some Experimental Investigations. NYT
Nordisk Forlag/H.K. Lewis & Co.; 1937. Accessed November 21,
2023. https://fluoridealert.org/wp-content/uploads/Roholm-
19371.pdf

19. Fejerskov O, Manji F, Bælum V, Møller IJ. Dental Fluorosis: A
Handbook for Health Workers. Munksgaard; 1988.

20. Yang D, Liu Y, Chu Y, et al. Association between vitamin D receptor
gene FokI polymorphism and skeletal fluorosis of the brick-tea type
fluorosis: a cross sectional, case control study. BMJ Open. 2016;6
(11):e011980. CrossRef. Medline

21. Majumdar K. Health impact of supplying safe drinking water con-
taining fluoride below permissible level on flourosis patients in a

fluoride-endemic rural area of West Bengal. Indian J Public Health.
2011;55(4):303–308. CrossRef. Medline

22. Mulualem D, Hailu D, TessemaM,Whiting SJ. Association of dietary
calcium intake with dental, skeletal and non-skeletal fluorosis among
women in the Ethiopian Rift Valley. Int J Environ Res Public Health.
2022;19(4):2119. CrossRef. Medline

23. Patil MM, Lakhkar BB, Patil SS. Curse of fluorosis. Indian J Pediatr.
2018;85(5):375–383. CrossRef. Medline

24. Jarvis HG, Heslop P, Kisima J, et al. Prevalence and aetiology of ju-
venile skeletal fluorosis in the south-west of the Hai district, Tanzania –
a community-based prevalence and case-control study. Trop Med Int
Health. 2013;18(2):222–229. CrossRef. Medline

25. JacksonWP. Further observations on the Kenhardt bone disease and
its relation to flurosis. S Afr Med J. 1962;36(45):932–936. Medline

26. Fabreau GE, Bauman P, Coakley AL, et al. Skeletal fluorosis in a
resettled refugee from Kakuma refugee camp. Lancet. 2019;393
(10168):223–225. CrossRef. Medline

27. Susheela AK, Mondal NK, Tripathi N, Gupta R. Early diagnosis and
complete recovery from fluorosis through practice of interventions.
J Assoc Physicians India. 2014;62(7):572–579. Medline

28. Tefera N, Mulualem D, Baye K, et al. Association between dietary
fluoride and calcium intake of school-age children with symptoms of
dental and skeletal fluorosis in Halaba, Southern Ethiopia. Front Oral
Health. 2022;3:853719. CrossRef. Medline

29. Wong EY, Stenstrom MK. Onsite defluoridation system for drinking
water treatment using calcium carbonate. J Environ Manage.
2018;216:270–274. CrossRef. Medline

30. Kaseva ME. Optimization of regenerated bone char for fluoride re-
moval in drinking water: a case study in Tanzania. J Water Health.
2006;4(1):139–147. CrossRef. Medline

31. Shen J, Mkongo G, Abbt-Braun G, Ceppi SL, Richards BS, Schäfer
AI. Renewable energy powered membrane technology: fluoride re-
moval in a rural community in northern Tanzania. Separ Purif Tech.
2015;149:349–361. CrossRef

32. Nanyaro J, Aswathanarayana U, Mungure J, Lahermo P. A geochemi-
cal model for the abnormal fluoride concentrations in waters in parts of
northern Tanzania. J African Earth Sci. 1984;2(2):129–140. CrossRef

33. Nielsen JM, Dahi E. Fluoride exposure of East African consumers using
alkaline salt deposits known as magadi (trona) as a food preparation
aid. Food Addit Contam. 2002;19(8):709–714. CrossRef. Medline

34. Mulualem D, Hailu D, Tessema M,Whiting SJ. Efficacy of calcium-
containing eggshell powder supplementation on urinary fluoride and
fluorosis symptoms in women in the Ethiopian Rift Valley.Nutrients.
2021;13(4):1052. CrossRef. Medline

35. Ugran V, Desai NN, Chakraborti D, et al. Groundwater fluoride
contamination and its possible health implications in Indi taluk of
Vijayapura District (Karnataka State), India. Environ Geochem
Health. 2017;39(5):1017–1029. CrossRef. Medline

36. Chowdhury CR, Shahnawaz K, Kumari D, et al. Spatial distribution
mapping of drinking water fluoride levels in Karnataka, India:
fluoride-related health effects. Perspect Public Health. 2016;136
(6):353–360. CrossRef. Medline

37. Espandar R, Mortazavi SMJ, Baghdadi T. Angular deformities of the
lower limb in children. Asian J Sports Med. 2010;1(1):46–53.
CrossRef. Medline

38. Salenius P, Vankka E. The development of the tibiofemoral angle in
children. J Bone Jt Surg. 1975;57(2):259–261. CrossRef. Medline

39. Heath CH, Staheli LT. Normal limits of knee angle in white children—
genu varum and genu valgum. J Pediatr Orthop. 1993;13(2):259–
262. Medline

40. Sass P, Hassan G. Lower extremity abnormalities in children [pub-
lished correction appears in Am Fam Physician. 2004 Mar 1;69
(5):1049]. Am Fam Physician. 2003;68(3):461–468. Medline

Prevalence of Skeletal Fluorosis in Northern Tanzania www.ghspjournal.org

Global Health: Science and Practice 2023 | Volume 11 | Number 6 10

https://doi.org/10.11648/j.ajwse.20170301.11
https://doi.org/10.1016/j.inhe.2010.09.010
http://www.ncbi.nlm.nih.gov/pubmed/24037868
https://resources.bgs.ac.uk/sadcreports/tanzania2002smedleyfluoridecr02316n.pdf
https://resources.bgs.ac.uk/sadcreports/tanzania2002smedleyfluoridecr02316n.pdf
http://www.ncbi.nlm.nih.gov/pubmed/26381633
https://doi.org/10.1007/s00784-016-1727-1
http://www.ncbi.nlm.nih.gov/pubmed/26818581
http://www.dealmortgage.net/fluoride-class-action/unicef-fluoridein-water-1999.pdf
http://www.dealmortgage.net/fluoride-class-action/unicef-fluoridein-water-1999.pdf
http://www.ncbi.nlm.nih.gov/pubmed/6485306
https://www.unwater.org/sites/default/files/app/uploads/2016/04/Integrated-Monitoring-Guide-for-SDG6.pdf
https://www.unwater.org/sites/default/files/app/uploads/2016/04/Integrated-Monitoring-Guide-for-SDG6.pdf
https://www.unwater.org/sites/default/files/app/uploads/2016/04/Integrated-Monitoring-Guide-for-SDG6.pdf
http://www.ncbi.nlm.nih.gov/pubmed/3295994
https://doi.org/10.1016/j.chemosphere.2017.03.011
http://www.ncbi.nlm.nih.gov/pubmed/28284958
https://cdn.who.int/media/docs/default-source/wash-documents/wash-chemicals/fluoride-bd.pdf
https://cdn.who.int/media/docs/default-source/wash-documents/wash-chemicals/fluoride-bd.pdf
https://cdn.who.int/media/docs/default-source/wash-documents/wash-chemicals/fluoride-bd.pdf
https://doi.org/10.7812/TPP/15-048
http://www.ncbi.nlm.nih.gov/pubmed/26824971
https://doi.org/10.1016/j.etap.2015.06.022
http://www.ncbi.nlm.nih.gov/pubmed/26183810
https://doi.org/10.1016/j.pce.2003.08.030
https://doi.org/10.1159/isbn.978-3-8055-9659-6
https://fluoridealert.org/wp-content/uploads/Roholm-19371.pdf
https://fluoridealert.org/wp-content/uploads/Roholm-19371.pdf
https://doi.org/10.1136/bmjopen-2016-011980
http://www.ncbi.nlm.nih.gov/pubmed/28170338
https://doi.org/10.4103/0019-557X.92411
http://www.ncbi.nlm.nih.gov/pubmed/22298140
https://doi.org/10.3390/ijerph19042119
http://www.ncbi.nlm.nih.gov/pubmed/35206307
https://doi.org/10.1007/s12098-017-2574-z
http://www.ncbi.nlm.nih.gov/pubmed/29297143
https://doi.org/10.1111/tmi.12027
http://www.ncbi.nlm.nih.gov/pubmed/23198699
http://www.ncbi.nlm.nih.gov/pubmed/13964273
https://doi.org/10.1016/S0140-6736(18)32842-3
http://www.ncbi.nlm.nih.gov/pubmed/30663587
http://www.ncbi.nlm.nih.gov/pubmed/25672028
https://doi.org/10.3389/froh.2022.853719
http://www.ncbi.nlm.nih.gov/pubmed/35309280
https://doi.org/10.1016/j.jenvman.2017.06.060
http://www.ncbi.nlm.nih.gov/pubmed/28869054
https://doi.org/10.2166/wh.2006.0011
http://www.ncbi.nlm.nih.gov/pubmed/16604845
https://doi.org/10.1016/j.seppur.2015.05.027
https://doi.org/10.1016/S0731-7247(84)80007-5
https://doi.org/10.1080/02652030210145900
http://www.ncbi.nlm.nih.gov/pubmed/12227934
https://doi.org/10.3390/nu13041052
http://www.ncbi.nlm.nih.gov/pubmed/33804976
https://doi.org/10.1007/s10653-016-9869-2
http://www.ncbi.nlm.nih.gov/pubmed/27591763
https://doi.org/10.1177/1757913915626744
http://www.ncbi.nlm.nih.gov/pubmed/26842483
https://doi.org/10.5812/asjsm.34871
http://www.ncbi.nlm.nih.gov/pubmed/22375192
https://doi.org/10.2106/00004623-197557020-00021
http://www.ncbi.nlm.nih.gov/pubmed/1112851
http://www.ncbi.nlm.nih.gov/pubmed/8459023
http://www.ncbi.nlm.nih.gov/pubmed/12924829
http://www.ghspjournal.org


Peer Reviewed

Received: November 20, 2022; Accepted: November 19, 2023; First published online: XXX.

Cite this article as: Foat A, Stevens C, George G, et al. Prevalence of skeletal fluorosis in Northern Tanzania: a follow-up study. Glob Health Sci Pract.
2023;11(6):e2200342. https://doi.org/10.9745/GHSP-D-22-00342

© Foat et al. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC BY 4.0), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are properly cited. To view a copy of
the license, visit https://creativecommons.org/licenses/by/4.0/. When linking to this article, please use the following permanent link: https://doi.
org/10.9745/GHSP-D-22-00342

Prevalence of Skeletal Fluorosis in Northern Tanzania www.ghspjournal.org

Global Health: Science and Practice 2023 | Volume 11 | Number 6 11

https://doi.org/10.9745/GHSP-D-22-00342
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.9745/GHSP-D-22-00342
https://doi.org/10.9745/GHSP-D-22-00342
http://www.ghspjournal.org

	fig1
	fig2
	fig3

