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Dentifrices.  
Part 2: The Evidence
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Abstract: The intricate formulations of modern dentifrices position them as one of the most sophisticated pharmaceutical products available 
today. Dental care professionals, tasked with providing evidence-based recommendations, encounter numerous challenges with this everyday 
product. This necessitates a thorough grasp of dentifrice formulations, familiarity with testing procedures, profound insights into (clinical) trials 
regarding proven efficacy and safety, and staying updated on current scientific literature. Additionally, recommendations must be tailored to 
integrate with each individual patient’s oral health status, needs, and preferences.
CPD/Clinical Relevance: Dentifrices are complex formulations, carefully prepared by the industry, which need to be proven effective in 
(clinical) trials, receive evidence-based recommendation from professionals, and be appreciated by end users.
Dent Update 2024; 51: xx–xx

Successful oral hygiene should rely on 
advice from the best, currently available 
evidence.1 A dental care professional should 
then be able to advise each individual 
patient on which dentifrice is most 
appropriate in his/her particular situation. 

All major brands sell products that 
are supported by a substantial body of 
evidence. Many scientific publications on 
dentifrice are published or sponsored by the 
dentifrice industry. A recent meta-review 
regarding the evidence behind dentifrices,2 
like most other scientific literature reviews, 
still does not include a recommendation 
for the individual consumer with respect 
to which specific dentifrice to choose 
and purchase.3 It is, therefore, debatable 

whether the professional has the correct 
scientific information from dentifrice 
research to offer effective advice on 
a dentifrice based on the patient’s 
requirements. There are several challenges, 
as outlined in Table 1.

Dentifrice formulations
The complex formulations of modern 
dentifrices make them one of the most 
sophisticated pharmaceutical products 
on the market today. The demands of the 
consumer, coupled with the complexity 
of the oral cavity, make it a challenging 
development process.4 Insufficient 
concentrations of the active ingredients 

and/or chemical incompatibility within 
the dentifrice formulation may result in 
a lack of efficacy. Several challenges can 
be identified in formulating an effective 
fluoride dentifrice. Dentifrices of equal total 
fluoride concentration can significantly 
differ in their capacity to release 
bioavailable fluoride owing to differences in 
their formulation composition.5,6 Therefore, 
the bioavailable amount released is 
regarded as a more appropriate parameter 
than total fluoride content.6,7 Fluoride can 
appear in different ways in dentifrices. 
Soluble fluoride is the only one capable 
of interacting with the dental surface and 
causing an anti-caries effect.8 Fluoride is 
primarily known for its adherence to the 
tooth surface and its incorporation into 
the pellicle and dental plaque.9 Studies on 
the interaction of fluoride with oral soft 
tissues are sparse, which may be due to 
experimental design challenges. However, 
oral soft tissues are probably the main oral 
reservoir for fluoride.10

The most commonly used anionic 
surfactant ingredient in dentifrices is sodium 
lauryl sulphate (SLS),11,12 which can also 
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influence fluoride effectiveness, and may 
interfere with fluoride uptake by enamel.11 
SLS increases cleaning and foaming actions.12 
Dentifrices with strong flavour characteristics 
may also affect fluoride effectiveness. This 
may be primarily a result of excessive salivary 
stimulation from the strong taste and thus, 
an increased rate of fluoride clearance from 
the mouth by dilution.10,11

Another dentifrice ingredient is calcium 
phosphate. A range of calcium phosphate 
technologies has been developed to 
enhance the ability of fluoride to promote 
remineralization.5,6,10 Dentifrices with only 
fluoride remineralize the surface layer of a 
caries lesion predominantly.5 Dentifrice with 
added calcium phosphate technologies 
remineralize the body of the lesion.5 
However, a concern with adding calcium 
to dentifrice formulations is the potential 
for unwanted reactions. Calcium, fluoride, 
and phosphate may interact to form 
poorly soluble phases in a paste. During 
shelf life and when in use, this can reduce 
the bioavailability of the fluoride and/or 
the calcium ions.5,6 

Findings from in vitro studies suggest 
that adding baking soda to a dentifrice may 

commercial innovation and scientific 
development.16 To formulate a dentifrice, 
several ingredients are essential. Abrasive 
agents, modified silica abrasives or 
enzymes help to clean the teeth and may 
help to whiten teeth by removing surface 
stains. Examples are calcium carbonate, 
dehydrated silica gel, hydrated aluminium 
oxide, magnesium carbonate, phosphate 
salts and silicates.17 Detergents, such as SLS 
or sodium N-lauryl sarcosinate17 create a 
foaming action that may help to increase 
the solubility of plaque and accretions 
during brushing. SLS is also known to have a 
slight anti-plaque effect.11

Flavouring agents and non-caloric 
sweeteners, such as saccharin, are used to 
improve the taste. Sugar or other cariogenic 
ingredients are not permitted in any ADA-
accepted dentifrices. Humectants, such 
as glycerol, propylene glycol and sorbitol, 
are added to prevent dehydration in the 
dentifrice.17 Thickening agents or binders 
are added to stabilize the dentifrice formula. 
They include mineral colloids, natural gums, 
seaweed colloids and synthetic cellulose.17

Hydrogen and carbamide peroxides 
help to reduce intrinsic stains.17 Current 

interfere with the reactivity of fluoride with 
enamel, mainly reducing the concentration 
of the CaF2 formed.13,14 This illustrates the 
point that adding other active ingredients 
to a dentifrice, such as baking soda in this 
instance, requires careful formulation.

Ingredients in dentifrice that aim to 
inhibit calcium phosphate deposits and  
prevent the development of calculus are 
mainly pyrophosphates. Theoretically, 
pyrophosphates may negatively affect 
the demineralization–remineralization 
equilibrium at the tooth surface. Therefore, 
it is remarkable that in the past 20 years, 
no long-term, large-scale trials have 
been published to provide convincing 
evidence that pyrophosphates do not 
compromise the caries protection given 
by fluoride dentifrice. Manufacturers do, 
however, clearly indicate that products 
with pyrophosphates are not suitable for 
children under 12 years of age.15

Contemporary dentifrices
Dentifrice formulations often contain 
more than 20 ingredients. Their chemical 
compositions are constantly changing 
because of manufacturer competition, 

There is limited unanimity in recommendations on the basic hygiene procedure as being brushing with dentifrice from dental 
professional organizations as well as dentifrice and toothbrush companies1,38

A substantial amount of industry-initiated and -performed research is not available in the public domain and, if presented, is only 
referred to as ‘data on file’. A positive exception of data transparency from a premier brand dentifrice company is GlaxoSmithKline 
(GSK). GSK is the first pharmaceutical company, and introduced its GSK Study Register in 2004 (https://www.gsk-studyregister.com/
en/). Haleon (previously GSK Consumer Healthcare) has a similar platform (https://haleon-study-register.idea-point.com/StudyRegister.
aspx). It provides supplemental documented information on protocols, summaries of results, including statistical analysis and regulatory 
overview documents, as well data sharing

Over time, small incremental advances in dentifrice formulations add up to improved efficacy. It is not feasible to test each small advance 
in dentifrice technology through the expensive route of a randomized controlled trial.39 A related problem is that even when rigorous 
evaluation is attempted, the time for evaluation may take longer than the commercial lifetime of the dentifrice product.39 By the time the 
evaluation is complete, the dentifrice may no longer be on the market39

Moreover, the choice of the control dentifrice with which to compare dentifrices formulated for plaque control is important and could 
influence conclusions drawn from the clinical trials of such products.40 A key principle in research ethics is that it should never include a 
placebo group when an effective product is available.41,42 Recently, a company that performed a trial with a placebo group that received a 
dentifrice without fluoride encountered strong international condemnation.41,42 Fluoride dentifrice is considered the gold standard in oral 
hygiene. When dentifrices are used in research, the full description ingredient label of the used product should be presented because 
this differs in time and per country

Another critical point of attention is the quality of dental research in general because the evidence suggests that the methodological 
and reporting aspects of clinical trials in dentistry fields are suboptimal.43-45 A recent review showed that significant deficiencies in all 
areas, such as design, conduct, analysis and reporting, are prevalent.45 The results of suboptimally designed studies can misinform 
public policy41 

For randomized trials in general, it is suggested that industry funding may be associated with more favourable results and 
conclusions.46–48 However, a recent systematic survey, including 121 dentifrice RCTs, found no relationship between positive conclusions 
and industry funding or conflict of interest49

Table 1. Challenges in dentifrice recommendations: navigating industry research, clinical trials, and dental professional perspectives.
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dentifrices may also contain several active 
ingredients to help improve oral health. 
Desensitizing agents are used to reduce oral 
discomfort owing to hypersensitivity, with 
potassium nitrate and stannous fluoride 
commonly being used.17 Antimicrobial 
agents (such as stannous fluoride) are used 
to reduce gingivitis, and pyrophosphates 
and zinc citrate are included to reduce the 
build up of calculus.17

In an attempt to enhance the natural 
salivary antimicrobial defence mechanisms, 
enzymes and proteins have been added to 
dentifrices. Zendium dentifrice (Unilever, 
the Netherlands) contains a triple-enzyme 
system that includes amyloglucosidase, 
glucose oxidase and lactoperoxidase. 
This combination generates the natural 
antimicrobial agents of hydrogen peroxide 
and hypothiocyanite ions. The salivary 
proteins, lactoferrin and lysozyme, are also 
added to the dentifrice.18–20 A recent monadic 

clinical study indicated that long-term use 
of this dentifrice was associated with better 
gingival health status than with the use of 
other dentifrices.18

Dentifrices and abrasivity
Dentifrice formulations include abrasives to 
improve the rheology of the dentifrice4 and 
to remove stained pellicles.21,22 Improved 
surface smoothness is conductive to a 
feeling of oral cleanliness. An increase in 
lustre of the tooth surface contributes to 
oral aesthetics. Brushing with a dentifrice 
without an abrasive often results in stained 
teeth.23 Highly polished enamel appears 
whiter than duller enamel and is less 
receptive to the accumulation and retention 
of dental plaque, calculus, and extrinsic 
stain. The polishing ability of a dentifrice 
is therefore an important physical aspect 
associated with the abrasive system within 

the composition.24 Abrasive substances may 
alter the substantivity or the antimicrobial 
activity of active ingredients.25,26

Low correlations between the 
abrasiveness of the dentifrices studied and 
their cleansing properties indicate that 
cleaning is not necessarily related to the 
abrasiveness of dentifrices.27 For details on the 
particle size and radioactive dentine abrasion 
(RDA) value of dentifrices, see Table 2.

Alternative 
dentifrice formulations
Natural, herbal and organic dentifrices are 
an answer to consumer preferences and 
concerns about chemical ingredient safety. 
By emphasizing the use of plant extracts and 
non-synthetic substances in their branding, 
the idea is that these ‘natural‘ ingredients 
are safe. However, terms such as ‘natural’ and 
‘herbal’ can be used loosely without being 

Particle size The abrasivity of dentifrice is mainly determined by its composition with respect to the material, size, shape and 
amount of abrasive particles incorporated.50,51 It has been shown that the abrasive wear rate increases linearly 
as the particle size increases up to a critical size, and then it becomes independent of size.52 Different dentifrice 
formulations contain various abrasive agents, some of which are more abrasive than others53 

RDA value Since abrasives possess both beneficial and harmful effects, dentifrice abrasivity has been monitored for decades to 
control these effects.54 In vitro studies showed that toothbrushing abrasion is primarily related to the abrasivity of 
the dentifrice.55 However, in similar conditions, the wear produced can vary considerably as other ingredients, such 
as detergents or thickeners, might also influence and interact with abrasivity.56 Moreover, differences in the type of 
fluoride compound might influence the resulting abrasive wear51

To measure the abrasive potential of dentifrices, standard laboratory methods have been developed. They have 
focused on safety to prevent dentifrices from causing harmful effects to dental structures.57 The radioactive dentine 
abrasion (RDA) method has become the most recognized method for measuring dentifrice abrasivity. It is widely 
known and accepted as the gold standard.54,57,58 RDA is a numeric scale that indicates the degree of abrasivity 
and is useful for comparing different dentifrices. The principles of the RDA were adopted by the American Dental 
Association (ADA) and International Standard Organization (ISO), and they are widely used by the oral care industry.57 
Today, only four known laboratories perform RDA assessments according to the original protocols. Although RDA 
values may vary greatly among testing sites, these values are consistent in intra-laboratory observations.57,59,60 
However, variability of between 15 and 20% should be expected for the same product tested at different times60

The relative enamel abrasivity (REA) describes the abrasive potential of a dentifrice on dental enamel.54 To determine 
the REA of a dentifrice, the same method and standard abrasive is used as in RDA.54 However, RDA values are not 
good predictors of radioactive enamel abrasion.51,54,59 Therefore, it is suggested that even low RDA values can be 
associated with high REA values and vice versa.59 A study of the abrasive or erosive effect of two dentifrices showed 
that both produced some loss of substance. However, there was no connection between laboratory abrasive values 
and clinical observations61,62

The upper limit of RDA defined by the ISO as being safe for daily use is 250.57 All dentifrices with the ADA Seal of 
Acceptance have an RDA of 250 or less.63 Nonetheless, RDA should not be used to rank the safety of dentifrices with 
RDA values below 250, because these values do not correspond to potential clinical effects, such as abrasion,64 but 
solely to general safety. Care must be taken when extrapolating in vitro RDA data to the clinical situation.58,65 It has 
been suggested that a measuring method for the abrasiveness of dentifrices on eroded enamel should be developed 
with a respective value. Such a value might help dental professionals to recommend dentifrices that cause low or 
less abrasive wear in case of erosion.51 Tooth wear is, however, a multifactorial process, with a complex interplay 
between erosion, abrasion and attrition, although erosion is regarded as the dominant factor65

Table 2. Particle size and RDA value.
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clear what it means, which can make it 
confusing for consumers.3

A modern example of a popular product 
framed as ‘natural’ is charcoal dentifrice. 
An increasing number of toothpastes 
with activated charcoal are commercially 
available.28 It has been intensively 
promoted by influencers on social media. 
Internet advertisements have included 
unsubstantiated therapeutic claims, such 
as antibacterial, antifungal, antiviral and 
oral detoxification properties, as well as 
potentially misleading product assertions.29 
In the scientific literature, there is insufficient 
clinical and laboratory data to substantiate 
the safety and efficacy claims of charcoal and 
charcoal-based dentifrices.29 Nevertheless, 
96% of commercially available activated 
charcoal toothpastes claim to effectively 
whiten teeth in their marketing expressions.30 
Studies have identified other methods 
of whitening to be more effective.28,30 For 
instance, most dentifrices that are specifically 
formulated for tooth whitening have a 
beneficial effect in reducing extrinsic tooth 
surface discolouration.31 The possible health 
risks associated with the use of charcoal-
based dentifrices have been considered to 
be related to the possible inclusion of human 
carcinogenic polyaromatic hydrocarbons 
in charcoal and the use of bentonite clay 
in some charcoal-based dentifrices.32 
Charcoal, as an ingredient, may contain 
high concentrations of heavy metals.33,34 
Also, charcoal has been recognized as an 
abrasive mineral to the teeth and gingiva.29 
A study that evaluated 50 charcoal-based 
dentifrices sold via the internet showed 
that only 8.0% of the products contained 
fluoride.29 Furthermore, charcoal is a 
well-known absorptive agent capable of 
inactivating fluoride.29 In effect, charcoal-
based dentifrices will most likely not provide 
(sufficient) fluoride to the consumer. As 
fluoride is the main effective ingredient 
in dentifrice for caries prevention, this is 
very undesirable.29,32,35,36

In contrast to popular ‘green’ orientated 
dentifrices, the well-known commercial 
fixed formulations of premier brands or 
their derivative white label dentifrices are 
generally well described and researched. 
However, recently, recognized brands have 
also started to sell charcoal dentifrice with 
fluoride added to the list of ingredients. 
These commercial companies are 
capitalizing on the popularity that began 
with little or no scientific support through 
the spread of fake news.37 Such a marketing 
approach is not limited to just charcoal-

based dentifrices.32

Consumer mistrust of several 
ingredients used in the industry has led to 
the development of a trend for homemade 
dentifrice.34 A recent study collected 
84 homemade dentifrice recipes from 
504 websites.34 All studied recipes were 
fluoride free. The quantities of substances 
to be used were imprecise. The recipes 
were difficult to make and impossible to 
control. Abrasivity, purity and microbial 
contamination could not be predicted and 
verified. The importance of professionals 
addressing the problem and warning 
consumers of the dangers involved 
was emphasized.34
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