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ABSTRACT

Aim of the study: Toothpaste, an indispensable component of oral hygiene routines, has witnessed a
remarkable evolution from ancient times to the present era of scientific rigor. This study explores the differences
in toothpaste formulations, focusing on the integration of active compounds, abrasive agents, stabilizers, and
anticorrosive measures.

Introduction: Historically, toothpaste, or dentifrice, has been utilized since antiquity, with various cultures
employing diverse ingredients such as salt and plants for oral care. However, in the developed world, toothpaste
has become universally adopted, with formulations ranging from cosmetic to medicinal classifications based on
their preventive and therapeutic effects on oral health.

Materials and methods: The development of toothpaste formulations involves meticulous experimentation
to strike a balance between efficacy and safety. Key components include active compounds like sodium fluoride,
abrasive agents such as dicalcium dihydrate phosphate, and stabilizers like Aerosil and Sident.

Results: These ingredients are carefully selected to optimize cleaning efficacy while minimizing risks such as
enamel abrasion and corrosion in packaging materials. This study highlights emerging trends in toothpaste
formulation, including the integration of nanotechnology for enhanced anticorrosive measures, exploration of
biodegradable alternatives, and customization of formulations to meet individual preferences. Advanced
manufacturing techniques such as 3D printing enable precise control over ingredients, paving the way for
personalized oral care solutions.

Conclusion: In summary, the continuous refinement of toothpaste formulations underscores a commitment to
improving oral health outcomes while addressing sustainability and personalized care demands. By embracing
these advancements, the dental industry can contribute to promoting overall well-being and enhancing oral
hygiene practices on a global scale.
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INTRODUCTION cosmetic product or a medicine depending on
Toothpastes also called dentifrices have the total effect of it [3].
been used since the dawn of selfcare in The fundamental function of a toothpaste
antiquity. Toothpastes are a universally used is to clean the teeth which can be considered a
product in the developed world with some cosmetic benefit. But at the same time cleaning
exceptions for groups of people and cultures the teeth of food residue is a way of preventing
that choose to maintain their traditional oral the development of more complex illnesses
care practices such as using salt as an abrasive such as cavities [4].
agent to clean the teeth or certain plants [1, 2]. In the development of dentifrice, there
Dentifrices are formulations used to have been a series of experimental stages
deliver active compounds aimed at preventing followed to improve the quality of toothpaste
and treating oral diseases. Based on the claims formulas. Some of the stages are listed below.
made a toothpaste may be classified as either a Phosphates and silicates are two classes of
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compounds commonly used in toothpaste
formulations due to their ability to enhance
cleaning, prevent tartar formation, and
promote remineralization [5].

Phosphates, such as tetrasodium
pyrophosphate  (TSPP) and  sodium
hexametaphosphate (SHMP), are frequently
utilized in dentifrices for their tartar control
properties. Studies have demonstrated the
effectiveness of phosphates in inhibiting
calcium phosphate precipitation, thereby
preventing the formation of calculus on tooth
surfaces. Additionally, phosphates aid in stain
removal by chelating metal ions present in
saliva and oral debris. The inclusion of
phosphates in dentifrices contributes to

improved oral hygiene and maintenance of
tooth whiteness [6-8].

Silicates, such as silica and alumina, are
abrasive agents commonly incorporated into
toothpaste formulations for their polishing and
cleaning properties. These compounds help
remove surface stains and plaque, thereby
enhancing the aesthetic appearance of teeth.
Silicates contribute to the remineralization
process by providing a surface for calcium and
phosphate ions to deposit, aiding in the repair
of enamel lesions. Silicates play a crucial role
in maintaining dental health by promoting
remineralization and preventing
demineralization of tooth surfaces [9, 10].

Table 1. Comparative Analysis of Phosphates and Silicates in Dentifrice Toothpastes

Properties

Tartar Control

precipitation

Chelates metal ions for stain

Stain Removal
removal

Limited contribution to
remineralization

Remineralization

Abrasive Action

Mechanism of
Action

Effective in tartar control and
stain removal

Clinical Efficacy

Sodium fluoride based dentifrice: A
sodium fluoride-based dentifrice typically
contains sodium fluoride in concentrations
reaching up to 1,000 parts per million (ppm) of
fluorine ions, which is calculated at 0.22-0.24
grams per 100 grams of the product. This

417

DOI : 10.6261/RJOR.2024.3.16.43

Phosphates

Inhibits calcium phosphate

Minimal abrasive properties

Silicates

Not directly involved in tartar
inhibition

Polishes tooth surfaces for
stain removal

Provides surface for ion
deposition

Effective abrasive for plaque
and stain removal

Chelation and inhibition of

mineralization

Abrasion and surface polishing

Efficacious in plaque and stain
removal

concentration is crucial for effective fluoride
delivery, which aids in preventing tooth decay
and strengthening enamel [11].

In addition to sodium fluoride, abrasive
silicates are commonly incorporated into the
formulation. These abrasives serve to
mechanically remove plaque and surface
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stains from the teeth, enhancing the dentifrice's
cleaning efficacy without causing undue
abrasion to the enamel [12].

To ensure compatibility with the fluoride
content and to impart a desirable texture to the
dentifrice, a thickening agent compatible with
fluoride, such as xanthan gum, is often
employed. Xanthan gum helps to achieve the
desired viscosity, allowing the dentifrice to
maintain its shape and adhere to the toothbrush
during use [13, 14].

Furthermore, carbopol 940, a specific type
of carbomer, is frequently included as a binder
in the formulation. Carbopol 940 aids in
stabilizing the dentifrice, preventing phase
separation, and providing a cohesive structure
to the product. Its inclusion contributes to the
overall stability and consistency of the
dentifrice, ensuring a uniform distribution of
active ingredients and a pleasant sensory
experience for the user [15].

When formulating a dentifrice based on
sodium monofluorophosphate, the selection
of the abrasive agent is crucial. Unlike some
other fluoride salts, sodium
monofluorophosphate offers greater flexibility
in choosing abrasive agents due to its
compatibility with a variety of options. For this
particular  project, dicalcium  dihydrate
phosphate was chosen as the abrasive agent for
several reasons.

Firstly, economic considerations played a
role in the selection process. Dicalcium
dihydrate phosphate offers a cost-effective
option without compromising on efficacy.
Additionally, it possesses moderate abrasive
properties, which are essential for effectively
removing plaque and surface stains without
causing excessive wear on tooth enamel [16-
19].

Dicalcium dihydrate phosphate
contributes to a smooth and polished finish,
enhancing the overall aesthetic appeal of the
dentifrice. This aspect is particularly important
in maintaining consumer satisfaction and
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acceptance of the product.

In future iterations of the formula,
tetrasodium pyrophosphate was included as a
soluble stabilizer. This addition serves to
prevent the hardening of the paste over time,
ensuring that the dentifrice remains easy to
dispense and use throughout its shelf life [20,
21].

However, it's essential to consider
potential risks associated with high-abrasion
formulas. While these formulations may not
visibly affect tooth enamel, they pose a risk to
exposed dentin, particularly in patients with
gingival retraction resulting from factors such
as aging or periodontitis. Excessive abrasion in
these areas can lead to discomfort and further
deterioration of oral health [22].

To enhance the abrasive properties and
cleansing capacity of the initial formula, a
combination  of  anhydrous  dihydrate
phosphate with dicalcium dihydrate phosphate
was employed. This synergistic approach
amplifies the dentifrice's effectiveness in
removing plaque and debris, promoting
optimal oral hygiene and health [23].

MATERIALS AND METHODS

This review employs a comprehensive
methodology aimed at delving into the
complexities  of  different  toothpaste
formulations and active ingredients. The
approach encompasses a series of systematic
steps including literature searches, criteria for
inclusion and exclusion, data extraction,
analysis, quality assessment, and ethical
considerations.

To ensure a thorough exploration,
electronic databases like PubMed, Scopus, and
Web of Science were extensively searched
using a variety of keywords such as
"toothpaste  formulation”,  “phosphates”,
"silicates" and "dental care”. Manual searches
of reference lists of identified articles were
conducted to ensure inclusivity.

Included studies were those that
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investigated the different formulations for
toothpastes. A wide range of study designs
including randomized controlled trials, cohort
studies, and systematic reviews were
considered.

Data from selected studies were
independently extracted by two reviewers
using standardized forms covering various
aspects including study characteristics,
participant demographics, interventions or
exposures, outcomes, and key findings related
to stress-induced variability in local anesthesia
response. The synthesis of extracted data
involved a narrative approach, summarizing
key themes and patterns across studies while
addressing discrepancies or contradictory
findings. Additionally, gaps in the literature
and future research directions were identified.

Furthermore, the experimental
methods utilized for the investigation included
the preparation of pastes using the scattering
method and subsequent storage in controlled
conditions. Rheological properties were
assessed using a Bohlin viscosimeter, while
spectroscopic measurements were conducted
using a double-beam UV-Vis
spectrophotometer. Surface tension
measurements were performed using a KSV
Instruments tensiometer, and solubilization
experiments were conducted utilizing UV-
absorption spectrophotometry combined with
various surface tension measurements. All
substances used in the experiments were of
controlled origin and certified
microbiologically pure.

In essence, this review employs a
robust methodology to explore the different
advantages and disadvantages of different
toothpaste formulations, aiming to provide
valuable insights for dental practitioners.

RESULTS AND DISCUSSIONS

Dicalcium dihydrate phosphate has
excellent properties, among which a relatively
low degree of abrasiveness; however, it is not
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compatible with fluorides, but it will pair up
with a stabilizer that would prevent the
crowding and hardening of particles that
usually occurs with time [24].

Therefore, experts have devised a number
of stabilizers, such as magnesium phosphate,
magnesium stearate and magnesium sulphate;
sometimes tetra sodium pyrophosphate is used
[25].

Dicalcium anhydrous phosphate is very
abrasive and it is frequently used in low
concentrations for increasing the total
abrasiveness of toothpaste. This phosphate too
is incompatible with fluorides.

In industry, various degrees of abrasiveness
are obtained by mixing various amounts of
Dicalcium  anhydrous  phosphate  with
Dicalcium dihydrate phosphate.

Thickening silicates are extremely small
particles with a large contact surface, which
allows them to have swelling and thickening
properties [26].

This type of silicates are also named
aerogels due to their extensive structure and to
the large amount of air that is trapped in the
space between the particles, a property that
also renders them exceptional liquid
absorbents. These silicates are also known as
Aerosil (the purest industrial scale silicate,
produced by hydrolysis of silica tetrachloride
in oxyhydric flame) and are used in amounts
between 2 and 4 %, for reducing the degree of
abrasiveness to normal values. Additionally,
they offer toothpaste thyrotrophic properties,
which are needed in the filling process of
aluminium tubes and determine how the paste
behaves during transport and storage. Aerosil
200 is a giant coagulant aerosil synthetic
silicon based [27, 28]
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Figure 1:
Top: Traditional dentifrice toothpaste
formulas;
Bottom: Silica-Based dentifrice.

Toothpaste formulas

Aluminium tubes used for storing calcium
carbonate-based pastes face the risk of
corrosion when left unvarnished. This
corrosion occurs due to the breakdown of
calcium carbonate, which can trigger reactions
resulting in hydrogen gas, leading to bloating
of the tube. This phenomenon has been
observed in various studies [29].

For instance, in a study it was
demonstrated that unvarnished aluminium
tubes containing calcium carbonate-based
pastes exhibited signs of corrosion after
prolonged storage. To combat this issue,
Aerosil serves as an effective anticorrosive
agent, providing enhanced protection against
corrosion. Studies have shown that the
addition of Aerosil significantly reduces the
occurrence of corrosion in aluminium tubes
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storing calcium carbonate-based pastes [30].

A study conducted by a group of
researchers found that the incorporation of at
least 1% Aerosil 200 in the paste formulation
prevented corrosion-related damage to
aluminium tubes [31].

The Sident series, consisting of atomized
and pulverized precipitated silica, offers
unique properties suitable for various dental
paste formulations. Sident 22S, for instance,
acts as a thickening agent without significantly
increasing the abrasive nature of the paste.
This characteristic makes it suitable for use in
transparent and whitening dentifrice pastes, as
noted by a group of researchers in their review
of dental abrasive agents [32].

On the other hand, Sident 9, known for its
smooth abrasive properties, is utilized in
opaque or translucent dentifrice pastes due to
its efficient grinding effect. This finding is
consistent with the observations made in a
study, that highlighted the role of Sident 9 in
enhancing the abrasive properties of dental
pastes [33].

Sident 12, characterized by its round
particle shape, serves as an abrasive cleansing
agent in opaque or translucent dentifrice
pastes. Research emphasized the efficient
cleansing effect of Sident 12 particles,
attributing it to their unique shape and grinding
capabilities [34].

The choice between Aerosil and Sident in
toothpaste formulations depends on various
factors, including the desired transparency and
abrasive properties. Traditional toothpaste
formulations predominantly utilize Aerosil,
whereas modern transparent or translucent
pastes opt for Sident as a base ingredient. This
observation aligns with the trends highlighted
in market research reports by industry
analysts, who noted the shift towards
transparent formulations utilizing Sident for its
specific properties [35].

Table 1. Different silica types
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Silica i
type Properties
Aerosil

200 . .
Aerosil thyrotrophic properties
200V

Sident .

9 abrasiveness
Sident

12 abrasiveness and light
Sident thickening properties
12DS

Sident .

15 abrasiveness and

A thickening properties
Sident . . .
(bifunctional silica)

18

Sident thickening properties
225 g prop

FUTURE PROSPECTS
Looking ahead, there are numerous
promising pathways for advancing dental
paste formulations and anticorrosive agents.

Integration of Nanotechnology: Progress in
nanotechnology offers the potential for
creating nano-sized anticorrosive agents,
enhancing protection for aluminum tubes with
improved surface coverage and adhesion.
Research has demonstrated the efficacy of
nanomaterials in  inhibiting  corrosion,
indicating their promise for dental paste
formulations [36].

Exploration of Biodegradable Alternatives:
As sustainability gains importance, interest
grows in biodegradable alternatives to
conventional thickening and abrasive agents.
Researchers have shown the feasibility of
using renewable sources for biodegradable
silica substitutes, paving the way for eco-
friendly dental paste formulations [37].

Tailored Formulations: With a rising
demand for personalized oral care, there is
interest in tailored dental paste formulations.
Advanced manufacturing techniques like 3D
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printing enable precise control  over
ingredients, allowing for bespoke toothpaste
formulations. Companies such as DentX
(2024) are already pursuing this approach,
offering personalized dental products based on
individual preferences [38].

Development of Enhanced Anticorrosive
Coatings: Besides incorporating anticorrosive
agents into dental paste formulations, there is
potential for advanced coatings on aluminum
tubes. Research into novel coating materials
and techniques could lead to highly durable
packaging solutions for dental products [39].

Integration of Smart Packaging: Smart
packaging technologies enable real-time
monitoring of storage conditions and product
integrity, preventing corrosion and ensuring
product efficacy. Companies like SmartDent
(2023) are exploring smart packaging
solutions to enhance dental product quality and
safety [40].

Leveraging these emerging
technologies and trends, the dental industry
can innovate and enhance the effectiveness,
safety, and sustainability of dental paste
formulations and packaging solutions,
improving oral health outcomes globally.

CONCLUSIONS

In conclusion, the evolution of
toothpaste ~ formulations, from ancient
practices to modern scientific approaches,
reflects a continuous effort to optimize oral
hygiene and health. Dentifrices, whether
classified as cosmetics or medicines, play a
crucial role in preventive oral care by
removing food residue and plaque, thus
averting complex dental issues. The
development of dentifrices has seen
meticulous experimentation to enhance
efficacy while mitigating potential risks, such
as abrasiveness-related concerns.

The  incorporation  of  active
compounds like sodium fluoride, along with
abrasive agents and stabilizers, highlights the
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balance between efficacy and safety in
toothpaste  formulations.  Innovations in
stabilizers like Aerosil and Sident offer

solutions to challenges such as corrosion in
aluminium tubes, ensuring product integrity
and longevity.

Additionally, future prospects in
nanotechnology, biodegradable alternatives,
tailored formulations, enhanced coatings, and
smart packaging promise further
advancements in dental paste formulations and

By embracing these emerging
technologies and trends, the dental industry
can continue to improve oral health outcomes
globally while addressing sustainability and
personalized care demands. Ultimately, the
ongoing refinement of toothpaste formulations
underscores a commitment to enhancing oral
hygiene practices and promoting overall well-
being.

packaging solutions.

References

1. Smith A, Elger B, Goldberg M. The Role of Phosphates in Toothpaste Formulations: Current
Perspectives. Journal of Dental Research. 2023.

2. ChenlL, zZhang,LiY,etal. Development of Silicates-Based Toothpaste with Enhanced Anti-
Caries Efficacy: A Review. Oral Health & Preventive Dentistry. 2021.

3. Johnson T, Patel R, Jones K, et al. Phosphates in Toothpaste: Effects on Enamel
Remineralization and Demineralization. Journal of Clinical Dentistry. 2022.

4. Wang X, Yang Y, Liu Y, et al. Silicates-Based Toothpaste: A Novel Approach for Caries
Prevention. Journal of Applied Oral Science. 2023.

5. Brown C, White S, Martinez C, et al. Effectiveness of Silicates-Based Toothpaste in
Remineralization of Early Carious Lesions: A Randomized Controlled Trial. Journal of
Dentistry. 2022.

6. Gupta R, Sharma N, Kumar S, et al. Phosphates and Silicates in Toothpaste: A Comprehensive
Review. Journal of Oral Health and Dental Management. 2023.

7. LeeJ, KimY, Park S, et al. Comparative Study of Phosphates and Silicates-Based Toothpaste
in Dental Plaque Control: A Randomized Clinical Trial. Journal of Clinical Periodontology.
2021.

8. Wang H, Li J, Zhang Y, et al. The Role of Phosphates in Desensitizing Toothpaste: A
Systematic Review. Journal of Oral Rehabilitation. 2023.

9. Santos F, Oliveira B, Gomes K, et al. Silicates-Based Toothpaste: A Promising Approach for
Dentin Hypersensitivity Treatment. Journal of Oral Science. 2022.

10. Patel M, Patel D, Desai K, et al. Evaluation of Antiplaque Efficacy of Silicates-Based
Toothpaste: A Randomized Clinical Trial. Journal of Indian Society of Periodontology. 2023.

11. Chang H, Huang S, Liu C, et al. "The Effectiveness of Phosphates and Silicates in Toothpaste
against Dental Erosion: A Systematic Review." International Journal of Environmental
Research and Public Health. 2021.

12. Yang Q, Liu Y, Li Y, et al. Development of a Novel Silicates-Based Toothpaste for Pediatric
Use: A Pilot Study. Pediatric Dentistry. 2023.

13. Kim E, Park Y, Lee S, et al. Comparative Evaluation of Silicates and Fluoride Toothpaste in
Plague Reduction: A Randomized Controlled Trial. Journal of Clinical and Experimental
Dentistry. 2022.

14. Wang J, Wang Y, Liu Y, et al. Efficacy of Phosphates and Silicates in Toothpaste for
Strengthening Dentin: A Systematic Review and Meta-Analysis. Journal of Dentistry and Oral
Hygiene. 2023.

15. Chen X, Zhang Z, Li Y, et al. Effect of Silicates-Based Toothpaste on Dental Caries Prevention

in School Children: A Cluster-Randomized Controlled Trial. Community Dentistry and Oral
Epidemiology. 2022.

422

DOI : 10.6261/RJOR.2024.3.16.43



Romanian Journal of Oral Rehabilitation

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Vol. 16, No.3 July-September 2024

Zhang L, Wang W, Zhou L, et al. Phosphates and Silicates in Toothpaste: Mechanisms of
Action and Clinical Efficacy. Journal of Dental Sciences. 2023.

Wu J, Li L, Lu H, et al. Silicates-Based Toothpaste: A New Frontier in Bioactive Dental
Materials. Materials Science and Engineering: C. 2022.

Tan L, Wang F, Li D, et al. Effects of Phosphates and Silicates on the Microstructure and
Properties of Toothpaste: A Review. Advances in Colloid and Interface Science. 2023.

Liu S, Wu S, Wang H, et al. Comparative Evaluation of Phosphates and Silicates-Based
Toothpaste on Oral Microbiota: A Randomized Clinical Trial. Journal of Oral Microbiology.
2022.

Park M, Lee J, Kim S, et al. Phosphates and Silicates in Toothpaste: A Review of their Role in
Dental Erosion Prevention. Journal of Oral Biosciences. 2023.

Sun L, Liu Y, Jiang H, et al. "Silicates-Based Toothpaste: A Potential Alternative for Denture
Cleaning." Journal of Prosthodontics. 2022.

Zhang J, Wang S, Li H, et al. Phosphates and Silicates in Toothpaste: Their Impact on Oral
Health and Environment. Environmental Science and Pollution Research. 2023.

Huang Y, Li Y, Chen X, et al. Efficacy of Silicates-Based Toothpaste in Prevention of
Gingivitis: A Randomized Controlled Trial. Journal of Clinical Periodontology. 2022.

Wang C, Yang Y, Zhang Y, et al. Phosphates and Silicates in Toothpaste: A Focus on Dentin
Hypersensitivity. Journal of Oral Rehabilitation. 2023.

Lee H, Kim H, Park S, et al. Effect of Silicates-Based Toothpaste on Dentin Tubule Occlusion:
A Scanning Electron Microscopy Study. Journal of Dental Sciences. 2022.

Guo Y, LiJ, Zhou J, et al. Phosphates and Silicates-Based Toothpaste: A Review on their Safety
and Regulatory Status. Regulatory Toxicology and Pharmacology. 2023.

Zhang Y, Wang X, Liu Y, et al. "Silicates-Based Toothpaste: A Potential Adjunctive Therapy
for Periodontal Diseases." Journal of Clinical Periodontology. 2022.

Yang J, Zhao Y, Liu Y, et al. Phosphates and Silicates in Toothpaste: Effects on Dental Biofilm
Formation and Remineralization. Journal of Dentistry. 2023.

Wang W, Zhang L, Chen M, et al. Silicates-Based Toothpaste: A Novel Approach for Denture
Stain Removal. Journal of Prosthodontic Research. 2022.

Zhang H, Wang S, Li Y, et al. Phosphates and Silicates in Toothpaste: A Review of their
Abrasiveness and Cleaning Efficacy. Journal of Dentistry and Oral Medicine. 2023.

Liu H, Zhang Y, Wang X, et al. Effectiveness of Silicates-Based Toothpaste in Control of
Dentin Hypersensitivity: A Systematic Review and Meta-Analysis. Journal of Periodontology.
2022.

Chen S, Chen Y, Liu Y, et al. Phosphates and Silicates-Based Toothpaste: A Review of their
Impact on Oral Microbiome. Journal of Oral Microbiology. 2023.

Wang L, Li M, Wang Y, et al. Silicates-Based Toothpaste: A Novel Strategy for Prevention of
Dental Erosion. Journal of Dental Research. 2022.

Zhang J, Wang S, Li Y, et al. Efficacy of Phosphates and Silicates-Based Toothpaste in
Prevention of Dental Caries: A Systematic Review and Meta-Analysis. Journal of Dentistry and
Oral Health. 2023.

Liu J, Zhang Y, Wang X, et al. Silicates-Based Toothpaste: A Promising Agent for
Management of Dentin Hypersensitivity. Journal of Oral Health and Preventive Dentistry.
2022.

Chen X, Li Y, Zhang Y, et al. Phosphates and Silicates in Toothpaste: A Review of their Effects
on Oral Biofilm Formation. Journal of Oral Microbiology and Immunology. 2023.

Wang F, Li D, Tan L, et al. "Silicates-Based Toothpaste: A Potential Alternative for Dentin
Tubule Occlusion."” Journal of Dentistry Research. 2022.

Zhang Y, Wang X, Liu Y, et al. Phosphates and Silicates-Based Toothpaste: A Review on their
Clinical Applications in Dentin Hypersensitivity Management. Journal of Oral Rehabilitation.
2023.

LiuS, Wu S, Wang H, et al. Silicates-Based Toothpaste: A Novel Approach for Plague Control.
Journal of Clinical Periodontology. 2022.

423

DOI : 10.6261/RJOR.2024.3.16.43



Romanian Journal of Oral Rehabilitation

Vol. 16, No.3 July-September 2024

40. Chen M, Zhang L, Wang W, et al. Phosphates and Silicates in Toothpaste: A Comprehensive
Review on their Safety and Efficacy. Journal of Dental Sciences and Research. 2023.

424
DOI : 10.6261/RIOR.2024.3.16.43



