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T he inclusion of fluoride in oral 
health products has been an area of 
controversy for many years. Ever since 
its benefits for dental health have 

been recognised, it has become a standard 
component in a wide array of toothpastes, 
varnishes and other treatments, both over 
the counter and dentist administered; and 
patients at risk of decay are advised to use 
fluoride toothpaste. Certain areas of the UK 
have had fluoride added to the water supply 
where it has been proven to have beneficial 
effects in reducing levels of caries in children, 
particularly in deprived areas. It is, however, 
not universally welcomed. Concerns have 
been raised about the potential risk of toxicity 
from fluoride, and the issue of fluorosis 
developing in children who receive too high 
doses of fluoride.

HIGH DOSE FLUORIDE
A particular criticism of the use of fluoride in 
oral health products has been the assumption 
that using ever higher concentrations of 
soluble fluoride in, for example, prescription 
toothpastes, will also increase its effectiveness, 
a practice that scientists are now challenging. 
Professor Robert Hill, research director at the 
Dental Institute and head of dental physical 
sciences at Queen Mary University of London 

(QMUL), argues that applying increasing 
concentrations of fluoride to the teeth does 
not deliver the benefits that had previously 
been thought. ‘Simply increasing the amount 
of fluoride within the toothpaste is a crude 
solution,’ he says. ‘Much of the additional 
soluble fluoride just goes to waste.’

Regular over the counter fluoride 
toothpastes available in the UK contain 
around 1450 parts per million (ppm) soluble 
fluoride, while prescription pastes can 
contain concentrations of up to 5000ppm. 

When the teeth are first brushed with a 
conventional paste containing a soluble 
fluoride such as sodium fluoride or sodium 
monofluorophosphate, this delivers an 
immediate ‘high’ of fluoride, but studies 
have shown that this falls rapidly as the 
toothpaste is washed away by salivary 
flow. After about only 100 minutes the 
amount of fluoride left in the mouth is 
below therapeutic levels, even with the very 
high concentrations found in prescription 
toothpastes (Fig.1 – graph). Fluoride 
varnish, too, is only effective for a few days. 
A second disadvantage of using high dose 
soluble fluoride is that this can form calcium 
fluoride, also known as fluorite, rather than 
fluorapatite, the fluoride analogue of natural 
tooth mineral, which is ideally required 
for effective re-mineralization. In large 
quantities, fluorite can form a whitish crust 
on the tooth surface, previously thought to 
act as a reservoir of fluoride, but Professor 
Hill’s research has shown that this is not the 
case. ‘It is very insoluble and does not release 
measurable fluoride at all,’ he says.

Experts in the field have concluded that 
for fluoride to re-mineralize tooth enamel 
most effectively, it should be delivered 
slowly over long time periods - and in fact 
at lower doses. Professor Ten Cate, one 
of the world’s leading cariologists from 
ACTA Amsterdam, has claimed for many 
years: ‘Low concentrations of fluoride have 
a beneficial effect on enamel and dentine 
re-mineralization. After fluoride treatments, 
salivary fluoride concentrations decrease 
exponentially in a biphasic manner to very 
low concentrations within a few hours. For 
treatments to be effective longer than the 
brushing and salivary clearance, fluoride 
needs to be deposited and slowly released.’ 

SLOW RELEASE
Research by Professor Hill and his team 
has focused on a different way of delivering 
fluoride in toothpaste - ensuring that it is 
released slowly, exactly where it is needed 
on the tooth surface – and, because it is not 
rapidly diluted away, lower levels of fluoride 
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Moira Crawford discusses the innovative use of bioactive glass in toothpaste, providing a slow release vehicle for low-dose fluoride with calcium 

and phosphate - and the introduction of an effective fluoride-free alternative.

Fig.1: Soluble fluoride drops rapidly below therapeutic levels
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are required. The result has been BioMin F, a 
unique product based on the use of bioactive 
glass, which incorporates fluoride, calcium 
and phosphate ions within the structure of 
the glass, dissolving slowly over several hours 
to release them. 

By contrast, BioMin F contains 
significantly lower levels of fluoride - 
approximately equivalent to 500ppm - yet 
is actually more effective. ‘As it dissolves, 
the glass structure in BioMin F provides a 
slow release vehicle for calcium, fluoride 
and phosphate together, enabling it to 
form fluorapatite, which aids effective 
re-mineralization and is more stable 
and resistant to acidic conditions than 
hydroxyapatite formed by the previous 
generation of bioactive glasses,’ explained 
Professor Hill. 

Bioactive glass was initially developed for 
use in bone grafting but its possible uses in 
dental products was soon recognised and 
products were introduced (eg Novamin) 
which utilised this technology, forming 
hydroxyapatite on the tooth surface. BioMin 
F represents a new generation of bioactive 
glass, developed specifically for optimum 
re-mineralization, by additionally containing 
fluoride and higher levels of phosphate 
than in earlier products to form fluorapatite 
instead. Trials at QMUL have shown that as 
BioMin F dissolves, it continues to release 
fluoride ions over up to 12 hours, with levels 
gradually falling as fluorapatite is formed. 
Some effects are seen to be continuing up 
to 24 hours after brushing (Fig.2 – fluoride 
release graph). 

NEUTRALIZATION EFFECT
BioMin F has been designed to combat three 
main dental problems: hypersensitivity, caries 
and dental erosion, caused by loss of tooth 
enamel or demineralization. Under normal 
conditions in the mouth, the hydroxyapatite 
mineral in tooth enamel is in dynamic 
equilibrium with the calcium, phosphate 
and hydroxyl ions in saliva, but under acidic 
conditions, for example after consuming an 
acidic drink, this equilibrium is shifted, the 
pH in the mouth falls, and demineralization 
will occur. As the bioactive glass particles 

of BioMin F dissolve, releasing phosphate, 
calcium and fluoride ions to form fluorapatite, 
the pH will increase. There is an additional 
‘smart’ effect too: during acid attack at lower 
pH, the glass dissolves faster so that the 
neutralization effect takes place more rapidly.

This has all been rigorously tested in the 
labs at QMUL. BioMin F’s action has been 
measured and timed both in buffer solution, 
containing no calcium or phosphate ions, 
and in artificial saliva (AS). In buffer, the 
glass converts to fluorapatite in around six 
hours after brushing, but in artificial saliva 
this starts occurring in under an hour, 
as shown by X-ray diffraction. This has 
been confirmed using NMR spectrometer 
analysis, indicating that fluoride is starting to 
convert to fluorapatite as soon as 45 minutes 
following brushing.

BioMin F contains a polymer which 
increases the viscosity of the toothpaste, 
and also enables the particles to adhere to 
the tooth surface and deliver the fluoride 
gradually where it is needed. As the tiny 
particles dissolve, they also enter the dentinal 
tubules where they preferentially form 
fluorapatite on the apatite rich walls of 
the peritubular dentine (Fig.3 cross section 
diagram), thus occluding the tubules and 
reducing hydraulic conductance or fluid flow, 

a principal cause of dentine hypersensitivity 
(Fig.4a-b – tubule occlusion). This effect is 
still visible after acid challenge (Fig.4c). 

Trials at QMUL have shown that the 
fluorapatite formed by the dissolution of the 
glass in BioMin F is more resistant to an acid 
challenge, so the tubules remain occluded 
more effectively. Hydraulic conductance 
studies show a greater percentage reduction 
as well as faster re-mineralization rates 
than other toothpastes tested, according 
to Professor Hill (Fig.5 re-min comparison 
graph). His studies appear to show 
conclusively that it is not the quantity of 
fluoride applied, but the method of delivery, 
slow and at low concentration, that is 
effective in acid neutralization and re-
mineralization.

A FLUORIDE-FREE ALTERNATIVE
There are, however, still a number of people 
who would prefer to use a completely 
fluoride-free toothpaste, but which also 
produces effective re-mineralization based 
on the same slow release principle. BioMin 
C has now been launched, which answers 
that demand for choice. It will also be 
ideal for certain parts of the world, such 
as regions in India and China, where high 
levels of fluoride are naturally present in the 
water supply. 

Fig.2: BioMin F fluoride release over 24 hours
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Fig.3: Schematic image of tubule occlusion. Fluorapatite forms 
preferentially on the apatite-rich walls of the peritubular dentine 
within the tubule
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The structure of the bioactive glass in 
BioMin C contains calcium and phosphate 
ions which adhere to the tooth surface and, 
as it gradually dissolves in saliva, precipitates 
hydroxyapatite on the tooth surfaces 
and into the dentine tubules. Studies in 
artificial saliva have shown that this process 
is extremely rapid, beginning within five 
minutes of application and continuing over 
several hours. Researchers in the UK and 
China have demonstrated that BioMin C 
provides effective dentine tubule occlusion 
and a high reduction in dentine tubule 
fluid flow, making it effective in reducing 
dentine hypersensitivity as well as replacing 
lost mineral on the tooth surface (Fig.6a-c 
BioMin C tubule occlusion images).

BioMin Technologies, the manufacturer 
behind BioMin F and BioMin C, is keen to 
emphasise that BioMin C will not replace 
BioMin F. ‘Our view supports the use of 
fluoride in low controlled concentration 
to form fluorapatite, which gives the 
advantage of greater resistance to acid 
attack,’ said CEO Richard Whatley. The 
reason behind BioMin C’s development 
was to offer a valid choice to people who 
wanted a fluoride-free alternative. ‘There is 
considerable debate about the inclusion of 
fluoride in toothpaste and we have received 
many enquiries from the general public 
for a fluoride-free product that may also 
provide a high level of protection and help 
combat sensitivity,’ he added.

THE FUTURE
Further applications of bioactive glass technology 
in the dental arena are already being explored by 
Professor Hill and his research team at QMUL. 
A resin for bonding orthodontic braces, using 
a similar slow fluoride release principle, is 
currently being trialled, with the aim of reducing 
white spot lesions around the appliance; and 
composite restorative materials are under 
development, which gradually release fluoride 
to re-mineralize any residual caries within the 
cavity and help protect against marginal leakage. 
Varnishes and other innovative mineralizing 
products can be expected in the coming months 
and years using bioactive glass technology. 

Fig.5: Re-mineralization rates of BioMin F compared to other toothpastes
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Fig.6 a-c: Scanning electron micrograph images showing tubule occlusion before and after brushing with BioMin C; and following acid challenge

Fig.4 a-c: Scanning electron micrograph images showing tubule occlusion before and after brushing with BioMin F; and after acid challenge
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