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Fluoride in Our Water and Our Bodies

Our bodies are constantly exposed 
to mixtures of chemicals in the 
surrounding environment. The levels 
of each often depend on location 
and local regulations, meaning some 
people experience toxic levels and are 
consequently at high risk for health 
complications.

One such element that humans 
frequently consume is the negative ion 
of fluorine, called fluoride. Although it 
is found naturally in varying amounts, 
in many areas, fluoride is added to 
drinking water to help reduce tooth 
decay and improve dental health. 
However, an excess of fluoride 
consumption is linked to a variety 
of disorders. For example, if a child’s 
teeth come into contact with too much 
fluoride while they are still developing, 
a condition called dental fluorosis 

may occur. Individuals with mild cases 
experience white marks on their teeth, 
whilst those with severe cases have 
discoloured and badly pitted enamel 
on the teeth surface. A severe form of 
enamel fluorosis is shown in Figure 1. 
This image is of a 14-year-old boy who 
grew up with 13mg/L of fluoride in 
drinking groundwater in the Ethiopian 
Rift Valley and who, as a result, 
experienced significant loss of enamel.  

The skeletal system is most at risk for 
adverse effects resulting from fluoride 
over-consumption. Fluoride becomes 
incorporated into bone tissue which can 
cause a multitude of issues, depending 
on how much fluoride is ingested, 
how long an individual is exposed for 
and from what age, as well as genetic 
factors. For example, physiological 
processes can be disrupted, meaning 
the bone tissue is not maintained and 
repaired properly. This leads to a much 

higher risk of fractures and breakages. 
Even neurological development and 
functions of the reproductive system 
and cardiovascular system can be 
altered by the presence of excess 
fluoride. 

This surplus fluoride in the body 
changes both the physical and chemical 
properties of the bone minerals and the 
bone and enamel cells. If an individual 
is exposed for a sustained period at 
high fluoride levels while their bones 
are growing or repairing, they are 
highly likely to develop a disease called 

USING INNOVATIVE 
TECHNOLOGY TO 
INVESTIGATE BONE 
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Throughout the world, especially in low-income countries, 
environmental contaminants such as fluoride have huge health 
consequences. While some countries add fluoride to their drinking 
water, others have little control over its concentration, resulting 
in dangerously high fluoride concentrations. Excess fluoride 
exposure is known to cause the bone disease skeletal fluorosis, but 
Dr Tewodros Rango Godebo from Tulane University in Louisiana, 
USA, believes that current diagnosis techniques are incomplete. 
Using ultrasound technology, he has determined for the first time 
how fluoride exposure leads to reduced bone quality, and how this 
diagnosis can be used in fluoride-exposed populations. 
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Figure 1. Enamel fluorosis in a 14-year-
old boy. Credit Tewodros Godebo.
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chronic skeletal fluorosis. This issue is one focus of Dr Tewodros 
Godebo’s research at Tulane University in New Orleans, 
Louisiana. Serving as an Assistant Professor in the School of 
Public Health and Tropical Medicine, Dr Godebo studies long-
lasting exposure to low- and high-fluoride and subsequent 
chronic skeletal fluorosis using novel diagnostic methods.

Chronic Skeletal Fluorosis 

This chronic disease presents various bone complications and 
joint, tendon and ligament calcification that progressively 

worsen. This deposition of calcium crystals on the tissues that 
connect bone to muscle (tendons) and bone to bone around 
the joints (ligaments) leads to chronic pain and disabling 
movement in the long term. The hallmark of skeletal fluorosis 
is osteosclerosis – the thickening of tissue resulting in an 
abnormally thick bone. The disease also results in damage 
called bone lesions and osteoporosis which is the weakening of 
the bones. 

Skeletal fluorosis also impacts the large, tightly bound 
molecules that help keep the bone tissue together, known 
as matrix proteins. Collagen is an example of one of these 
proteins, and when altered due to disease, the elasticity and 
biomechanical integrity of the bone is damaged. This means 
that people suffering from skeletal fluorosis have a very high 
tendency to suffer from fractures and breaks, which can be 
exacerbated by the effect of fluoride on the function of the 
parathyroid glands. This results in hyperparathyroidism, which 
means that the hormones that normally regulate the calcium 
concentration in the body are imbalanced. The consequent 
depletion of calcium in the bones further diminishes their 
flexibility and thus increases susceptibility to fractures. 

The physical structure of bone tissue is complex as it includes 
an intricate network of mineralised fibrils, cells, proteins 
and water. The different bone parameters, from its density 
and collagen composition to the microstructures inside, 
all influence how resistant a bone is to fracture. These 
components come together to determine the mechanical 
properties of bone.

Therefore, even though it is well-understood how fluoride 
impacts bone forming and resorbing cells, it is unclear how it 

Mean community-level SOS among adults and fluoride 
concentrations in drinking water from the sample communities  

in the Ethiopian Rift Valley.
Reproduced from TG Rango, et al., Bone quality in fluoride-
exposed populations: A novel application of the ultrasonic 

method, Bone Reports, 2020, 12, 100235, under Creative 
Commons CC-BY-NC-ND license.

Credit: Tewodros Godebo
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Bone with osteoperosis.

affects bone quality in humans. A skeletal fluorosis diagnosis 
still depends on using X-ray imaging to determine bone density. 
However, this method of testing does not account for alterations 
to the microstructures, collagen composition and elasticity due 
to fluoride exposure. This is where Dr Godebo is making strides in 
his field by investigating how innovative technology can be used 
to improve the diagnosis of chronic skeletal fluorosis. 

An Ethiopian Population with High Exposure to Fluoride

In an important study, Dr Godebo and his colleagues analysed 
data from a population of 341 participants, aged 10–70 years 
old, living in the rural location of the Rift Valley in Ethiopia. 
Around 14 million of those living in Ethiopia are thought to be 
at high risk of dangerous levels of fluoride exposure. However, 
the Rift Valley region experiences an unusually high exposure 
to natural fluoride from the groundwater wells for which they 
depend on their drinking and cooking water. 

A wide range of fluoride concentrations in the drinking water 
was found, spanning from 0.3 mg/L to 15.5 mg/L. To put this 
into context, the typical low level of fluoride in most high-
income countries (including where it is added to prevent 
tooth decay) is 0.7 mg/L and the World Health Organization 
recommends that drinking water should not contain a 
fluoride concentration any higher than 1.5 mg/L. This means 
that shockingly, some people were ingesting ten times the 
recommended amount of fluoride. This was represented 
in urine samples from the participants which showed an 
unusually high concentration (up to 39.5 mg/L) of fluoride, 
suggesting a significant amount of fluoride is also retained in 
the bone. 

The team used a non-invasive, portable ultrasound method to 
measure the bone density of the population in the first study of 
its kind. All the previously mentioned parameters of the bone 
quality (density, collagen and microstructure) affect the speed 
of sound (SOS) measurement. Because there was previously 
no existing research on using ultrasound and SOS to measure 

the bone quality in groups with varying levels of exposure 
to fluoride, Dr Godebo aimed to investigate how useful and 
applicable it could be in real-world situations. 

Before beginning the experiment, Dr Godebo hypothesised that 
SOS would increase as bone density increased due to fluoride 
exposure. This is because the X-ray diagnosis technique that 
is used in countries where skeletal fluorosis is common tends 
to detect increased bone density (osteosclerosis) in these 
patients. 

An Unexpected Finding

Dr Godebo measured the SOS in a type of bone tissue called 
cortical bone, which is a protective, dense outer surface layer 
of tissue that surrounds the internal cavity. It comprises nearly 
80% of the skeleton and is dense and solid, making it a good 
target for measuring bone quality and strength. They tested the 
tibia in the lower leg, the radius in the forearm and phalanx in 
the fingers (see illustration above titled ‘Bone with osteoperosis’.

Intriguingly, Dr Godebo discovered that his initial hypothesis 
was incorrect and that higher fluoride exposure in fact 
decreased SOS measurements in all three of the cortical bone 
sites. This suggests that because ultrasound measurements 
are able to measure and characterise the overall quality and 
inner properties of the bone, these decreased measurements 
actually indicate the deterioration of the bone. According to 
Dr Godebo, this reveals that the physical effects of excessive 
fluoride exposure are complex and diverse, as is bone quality.

Most importantly, it was found that individuals sourcing their 
drinking water from community wells with elevated levels 
of fluoride had significantly lower bone quality compared to 
those from communities with low fluoride levels. Dr Godebo’s 
work has shown that this fluoride-induced bone deterioration 
can be confirmed and quantified in rural settings, outside 
of medical establishments. X-ray techniques are relatively 
expensive, they expose patients to potentially dangerous 
radiation, and are difficult or even impossible to use in remote 
settings. In comparison, Dr Godebo’s ultrasound method is 
portable, low-cost and effective. As such, the method would 
be useful for a widespread assessment of how fluoride and 
other environmental contaminants may harm bone health at 
the population level. However, it will be important to test the 
feasibility of this as a diagnostic method through additional 
research in clinical settings and other locations.

Dr Godebo’s research is a vital component of understanding 
how fluoride impacts the health and lives of people who have 
little control over their water source and how this might be 
investigated in the future. Furthermore, this work and methods 
have the potential to be applied to other environmental 
contaminants as well as other induced bone disorders.
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