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The UK spends an estimated £5.8 billion a year on dental 

treatment. A large percentage of this treatment is due to 

dental caries, a preventable disease where the tooth 

structure is broken down due to demineralisation of its 

surface layers. The demineralisation of the tooth tissue, 

for example during orthodontic treatment where adhesive 

brackets are attached to the teeth, is due to the bacteria 

such as Strep mutans in the oral cavity causing a drop in 

the pH below 5.5. There have been numerous methods to 

try and prevent demineralisation, mainly through the 

application of a fluoride varnish or tooth mousse, but this 

can only be applied by a dentist and as such a large 

proportion of the population who do not attend a dental 

practice do not receiving this treatment.  Some countries 

(e.g. USA) also classify fluoride as a drug due to its 

ability to cause adverse effects, such as fluorosis of the 

teeth.  Providing or delivering fluoride alone to the tooth 

surface may, however, be ineffectual as both calcium and 

phosphate are also required in the process. This has led to 

development of materials such as Amorphus Calcium 

Phosphate (ACP), CPP-ACP formula (Casein 

Phosphopeptide - Amorphus Calcium Phosphate) and 

bioactive glass for the treatment of the early carious 

lesion to prevent or delay the onset of cavitation. 

Research has also shown that by incorporating different 

ions into a bioactive material (e.g. bioglass) may lead to 

apatite formation as demonstrated in several in vitro 

studies. Ions such as fluoride and chloride have also been 

incorporated into the apatite structure via a bioglass 

formulation. There is a subgroup of patients who however 

do not want to use a fluoride toothpaste, and therefore, 
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Introduction 

researchers at Queen Mary University London (QMUL) 

have developed a bioglass toothpaste containing the 

chloride ion instead of a fluoride ion, an element in the 

same column of the periodic table as fluoride exhibiting 

similar properties. The aim of this overview is to review 

the different types of apatite and its formation in the in 

vitro environment as well as discussing the rationale for 

incorporating chloride into a bioactive toothpaste 

formulation for the remineralisation of tooth tissue. 

 

 

 

There is global concern about the amount of sugar in the 

form of fermentable carbohydrates being consumed by 

the world’s growing population. According to several 

researchers (Marcenes et al. 2013, Kassebaum et al. 2015, 

Wen et al 2022) untreated caries in permanent teeth was 

the most prevalent condition evaluated during these 

studies and as such the burden of dental caries remains a 

global public health challenge. 

 

Dental caries is the scientific term to denote tooth decay 

or cavities (a cavitated lesion), and the process is initiated 

by oral bacteria that are attached to the teeth forming 

acids in the presence of sugars, mainly sucrose, and 

refined starches (Dental caries. Dictionary.com). The 

early white spot lesion (affecting the surface of the tooth 

with no cavitation) on the tooth structure is indicative of 

the first stages of demineralisation, which if left 

untreated, can progress to a carious lesion as observed 

following orthodontic treatment where the brackets are 

cemented (using an adhesive material) to the buccal 

(facial) surfaces of the teeth. Once these brackets are 

removed, the presence of demineralisation (in the form of 

a white spot) may be observed.  Bacteria can create a 

biofilm on the tooth surface, also known as plaque, that 

accumulates on the teeth and initiates a process that may 

move from an early-stage lesion to cavitation of the tooth 

surface. This process is called demineralisation and is due 

to a drop-in the pH in the oral cavity initiated by bacteria 

producing acid.  If this decrease in pH drops below the 

critical level, this may result in a net loss of mineral in the 

enamel and dentine.  This is commonly illustrated by the 

Stephen Curve shown below with the orange section 

demonstrating when demineralisation occurs (Fig. 1). 

 

 

 

 

 

 

 

Figure 1: The Stephen curve to illustrate 

demineralization and remineralization of a tooth after 

eating (Wrigley healthcare programme, 2016) 

 

How quickly demineralization and dental caries occurs is 

dependent on numerous factors and will differ between 

individuals.  For example, it can be influenced by 

pathological factors such as cariogenic bacteria, 

frequency of fermentable carbohydrates and rate of 

salivary flow and function, e.g. sub optimal rates and 

function). According to Featherstone (2008) dental caries 

is a continual balance between these pathological factors 

and so-called protective factors such as: 1) components of 

the saliva (buffering capacity), 2) salivary flow, 3) 

remineralisation with fluoride, calcium and phosphates 

and) 4) adjunctive anti-bacterial agents (e.g., mouthrinses 

and toothpastes). It is also important to acknowledge the 

individual’s general health, education and day to day 

(behavioural) habits (e.g., frequency of brushing etc). 

 

The caries process is initiated within the surface/sub 

surface layer of enamel. The process of remineralisation 

and demineralisation is in equilibrium and is dependent 

on the calcium and phosphate from the saliva to 

remineralise any mineral loss because of demineralisation 

from the acids initiated by bacteria. Once the early lesion 

or white spot cavitates then the process is more likely to 

become irreversible and, if left untreated, the process will 
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Bioactive Materials 

Bioglass 

spread to the pulp, causing infection and necrosis.  As 

indicated above remineralization of the tooth tissue 

occurs when phosphate and calcium, present in saliva, 

diffuse into the tooth tissue, as shown in Figure 2. These 

ions strengthen the apatite crystals within the enamel 

structure. Although both phosphate and calcium are 

present in saliva, there have been interventions to try and 

increase these ions in the body and introduce the levels of 

other ions, such as fluoride and chloride. One of these 

interventions is to introduce the ions in the form of 

bioglass within a toothpaste formulation. 

 

Ca10(PO4)6 (OH)2 ↔ Ca2+ + PO4
3- ↔HPO4

2-         

H2PO4-H3PO4 

 

Figure 2: Remineralisation and demineralisation of 

apatite. 

 

For simplicity, the ions on the right of the equation (Fig. 

2) are when the oral cavity is under acidic conditions. The 

calcium and phosphate ions are present in the saliva. 

When acidic conditions are present within the oral cavity 

the phosphate within the tooth structure is removed to 

restore the levels in the salvia and so enamel 

demineralisation occurs. Remineralization occurs when 

there is an excess of calcium and phosphate in the salvia. 

 

The aim of the literature review, therefore, was to explore 

the different types of apatite and its formation in the in 

vitro environment as well as discussing the rationale for 

incorporating chloride into a bioactive toothpaste 

formulation for the remineralisation of tooth tissue. 

 

 

 

There have been numerous dental products developed for 

the treatment of the early carious lesion to prevent or 

delay the onset of cavitation such as Amorphus Calcium 

Phosphate (ACP), CPP-ACP formula (Casein 

Phosphopeptide - Amorphus Calcium Phosphate) and 

bioactive glass (De Caluwe et al 2016, Al-eesa et al. 

2017, Tiskaya et al. 2021a, b, Salah et al 2022). Some of 

these products and their resultant remineralising 

properties will be discussed further in the following 

paragraphs. 

 

A bioactive material is defined as “a material that 

stimulates a beneficial response from the body, 

particularly bonding to the host tissue’ (De Caluwe et al., 

2016). These bioactive materials have become very 

popular in the dental setting, with the bioglass bonding to 

the teeth and creating a layer of apatite. Bioglass products 

have become increasingly popular in dentistry mainly due 

to an increase in dentine hypersensitivity, with 4-74% of 

the population affected, and a move towards a more 

preventive approach rather than restorative one 

(Ananthakrishna et al., 2012). Dentine hypersensitivity 

(DH) is characterized by a reaction to stimuli such as 

thermal, evaporative, chemical, osmotic or tactile. The 

reaction is often a short sharp pain.  Anyone can be 

affected by dentine hypersensitivity (DH) but the 

condition often peaks during the third and fourth decades 

of life (Majji et al., 2016). The prevalence and the 

debilitating pain that is associated with DH and the 

potential impact on the quality of life (QoL) perhaps is 

one reason why the consumer (over-the-counter product) 

market is developing new formulations, as of December 

2022, the market for toothpaste products in the UK was 

worth approximately 563.8 million British pounds 

(Petruzzi 2023). 

 

 

A bioglass is a material that degrades and dissolves upon 

contact with a physiological fluid to allow controlled 

release of therapeutic ions and formation of an apatite-

like surface layer (Al-eesa et al., 2017). Bioglass particles 

react with saliva tin the mouth to release sodium, calcium 

and potassium which creates the ideal conditions for tooth 

remineralization (Ananthakrishna et al., 2012).  The 

original bioglass composition consisted of 45% silica, 

24.5% calcium oxide, 24.5% sodium oxide and 6% 
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Types of Apatite 

phosphorous pentoxide in weight percentage (Krishnan et 

al., 2013). Several patent applications based on the 

original 45S5 formulation have been granted in the past. 

The aim of incorporating bioglass into dental materials is 

to form a substance known as apatite or fluorapatite 

which is more resistant to an acid challenge. Apatite is an 

important material in the body, with a large percentage of 

our teeth and bones consisting of apatite, with bone 

comprising of 70% of inorganic substances such as 

apatite. (Kamitakahara et al., 2008).  

 

The first bioglass was developed by Hench and 

colleagues in 1969 with several subsequent papers 

(Hench et al., 2015). Bioglass works by the hydrated 

silica that forms on the glass surface, undergoing 

rearrangement by polycondensation of the neighbouring 

silanols resulting in a silica rich gel layer. Precipitation of 

the calcium and phosphate ions, released from the glass, 

then form a calcium-phosphate rich layer on the surface 

(Elgayar et al., 2005). Bioglass can create a form of 

apatite known as hydroxyapatite.   

 

The development of a bioactive bioglass in dentistry 

resulted in series of in vivo studies over a four-year 

period using an implant in the anterior region on the 

mandible of a baboon which remained stable after four 

years of function (Hench et al., 2015). It was a ground-

breaking discovery and paved the way for more in-depth 

research. Subsequently researchers have been trying to 

create a bioglass that converts directly to apatite and if 

successful may result in the long-term survival rates of 

implants and bone grafts. Although the development of 

bioglass was originally formulated to be used in bone 

grafting procedures such as in medicine and dentistry it 

has subsequently been formulated to be used as an over 

the counter (OTC) toothpaste (Patel et al 2019, Prasad et 

al. 2024). 

 

 

 

Numerous types of apatite have been formed over the 

years, but a synthetically produced apatite like natural 

apatite appears to be illusive. 

Apatite Mullite 

 

One of the most common apatite’s created by bioglass is 

apatite mullite. Apatite mullite is created when there is a 

lack of fluoride, calcium and phosphate. It is often created 

as a side product once fluorapatite has been made and 

offers favourable conditions for apatite formation due to 

the similarity in their compositions. Apatite mullite can 

be easily cast to shape and has little or no crystallisation 

upon casting (Stanton et al., 2010). It is also inexpensive, 

an advantage in the ever-increasing medical budget cuts, 

and is resistant to chemical degradation, another 

advantage with our acidic diets (Fathi et al., 2004). It is 

biocompatible, so the body should not reject it, but only 

after it has been produced by a ceraming process 

(Freeman et al., 2003). Although it has advantages it is 

not like the biological apatite and therefore does not have 

the ideal properties for the dental setting. 

 

Apatite wollastonite 

 

Another type of apatite is apatite wollastonite It is one of 

the “most common calcium silicate biomaterials used for 

bone tissue regeneration” (Magallanes-Perdomo et al., 

2011). It is used in bone tissue regeneration as it is 

mechanically strong and bioactive in comparison to other 

glass ceramics (Magallanes-Perdomo et al., 2011). 

Although it is very bioactive it can dissolve at a quick rate 

which can be a disadvantage in a toothpaste as it would 

not remain in the oral cavity long enough to occlude the 

dentine tubules or remineralise the tooth surface. 

 

Fluoroapatite 

 

Fluoride has been a successful ion when added to the 

bioglass formula. Its ability to produce fluoroapatite 

makes it ideal for a toothpaste as it is extremely resistant 
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to acid. It can inhibit both dentine and enamel 

demineralisation, enhance remineralisation and inhibit 

bacterial enzymes which can help to prevent dental caries 

(Brauer et al., 2010). The OH ion at the centre of the 

apatite molecule is replaced with the larger fluoride ion. 

Although this has its advantages it is also a disadvantage. 

By replacing the CaO with CaF2, and lowering the 

phosphate, it can weaken the glass network due to a larger 

crystal lattice, which lowers the chemical durability 

leading to the formation of fluorite and calcite rather than 

fluorapatite (Lusvard et al., 2009). It cannot convert to 

hydroxyapatite, the ideal apatite formed (Rafferty et al., 

2000) and when in vivo it increases the pH which can 

affect the surrounding tissues (Brauer et al., 2010). 

 

Fluoride is also classified as a drug by the Federal Drug 

Administration (FDA) in the United States which means 

that there are restrictions on the amount of fluoride that 

can be incorporated into a toothpaste. Fluoride ions are 

not naturally present in the body, whereas chloride ions 

are and therefore may be more relevant. Chloride can be 

added to toothpastes above 5% and as it does not cause 

fluorosis, it will not be classed as a drug. (Chen et al., 

2015).  Chloride is therefore a good alternative to 

research to replace fluoride, especially for the American 

toothpaste market.  

 

Strontium Chloride 

 

Strontium chloride has been used in toothpastes for over 

four decades, (Ananthakrishna et al., 2016). It has been 

proven to help relieve the symptoms of dentine 

hypersensitivity by occluding the tubules, but also by 

acting as a protein precipitant (Majji et al., 2012). 

According to the published literature, the amount added 

to a toothpaste is 10% to obtain the desired effect 

(Anathakrishna et al. 2016, Majji et al., 2012,). Strontium 

has also been used in a bioglass due to its bone seeking 

ability and has been demonstrated to enhance the 

metabolic activity of bone cells, encouraging the 

regrowth of bone (Gentleman et al., 2010). If it can 

enhance the activity of bone cells, then there may be a 

possibility it can help enhance cells within the teeth. 

Another advantage of strontium is that is has an increased 

x-ray radio-opacity, an important aspect for dentistry (Hill 

et al., 2004). 

 

Adding a high salt concentration to a toothpaste can affect 

its viscosity and therefore a binder is added to provide a 

stable viscosity over an extended period (Zeng et al., 

2013).  It is important to decide which binders are safe to 

incorporate to avoid any adverse reactions. 

 

The formulation of how much strontium is required needs 

to be closely monitored as well. Strontium is often 

substituted for calcium; however, calcium and phosphate 

are important in the formation of hydroxyapatite. 

Supersaturation drives the precipitation of 

hydroxyapatite, so it is not ideal to substitute all the 

calcium for strontium (O’Donnell et al., 2009). 

 

Topbas et al, (1998) reported that the participants using a 

toothpaste containing strontium chloride had decreased 

levels of dentine hypersensitivity but in most cases (93%) 

the results were short-lived and as such the toothpaste 

needs to be applied daily to be successful (Topbasi et al, 

1998).  

 

Researchers have also questioned whether the results 

were achieved by the abrasive fillers rather than strontium 

chloride, however, Gillam et al., (1992) disputed this 

finding in a double-blind parallel study where two 

strontium chloride containing dentifrices with different 

abrasive systems were compared. At the end of the two-

month trial there were no significant differences, thus 

supporting the conclusion that changing the abrasive 

component does not necessarily affect the results of the 

toothpaste’s ability to decrease sensitivity (Gillam et al., 

1992).  

 

The success of strontium chloride in toothpastes for 
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Discussion and Conclusion 

dentine hypersensitivity however is somewhat 

controversial since several investigators have questioned 

it ability to reduce sensitivity (Cummins 2010, Karim & 

Gillam 2013). 

 

Chloroapatite 

 

Chloride comes from the same group in the periodic table 

as fluoride and therefore exhibits similar properties. The 

chloride ion is slightly larger than the fluoride ion and is 

displaced further above the plane in the Ca triangle (Chen 

et al., 2014). Due to the presence of water, the 

chloroapatite will completely convert to hydroxyapatite, a 

preferred apatite which is something the fluoride ion 

cannot form (Chen et al., 2014). Chen et al. also 

discovered that the glasses containing chloride bulk 

nucleate which is more suitable for the glasses forming 

apatite (Chen et al., 2014). By bulk nucleating this also 

allows the glasses to be cast to shape, although this may 

not be required when making a toothpaste, it does 

however, offer other alternatives within the dental 

environment. This will reduce costs as a diamond tip will 

not be required to create the desired shape. Compared 

with fluoride, the glass transition temperature is also 

lower with chloride, saving more money by requiring less 

heat (Sandland et al., 2004). The hardness of a glass is 

also expected to correlate to the glass transition 

temperature; therefore, a chloride containing glass should 

have a lower hardness. This is attractive for a 

desensitizing toothpaste since dentine hypersensitivity is 

often due to loss of enamel, and the abrasive in a 

toothpaste may be responsible for this hard tissue loss. If 

this glass is less abrasive and can remineralise the teeth 

this will be an attractive alternative for treating dentine 

hypersensitivity (Chen et al., 2015). Chen et al (2017) 

also reported that a chlorine toothpaste (BioMin C® - A 

Smart Fluoride-free Remineralising and Desensitising 

Toothpaste) had been formulated as an over-the-counter 

toothpaste. 

 

In an increasingly demanding world for cosmetic 

dentistry, chloride containing toothpaste could be the 

answer for safer teeth whitening. Chloride containing 

glass ceramics have been used in solar cells due to their 

ability to keep the crystal phase dimensions lower than 

the wavelength of light. This is used in up conversion 

applications, such as solar cells, but this up conversion 

also makes natural teeth appear whiter in natural light 

containing these shorter wavelengths. This could be a 

safer solution to teeth brightening compared to the 

bleaching products currently being used in cosmetic 

dentistry. Not only could this chloride containing 

toothpastes be whitening teeth and remineralizing them, 

but they would be also replacing harmful bleaching 

products that can destroy the protein component in teeth 

(Chen et al., 2015). 

 

These toothpastes, however, do have their disadvantages. 

Due to the large chloride ion, when this is introduced into 

a glass it can cause the glass to expand, causing the glass 

structure to be less compacted. This makes it less 

abrasive, which is an advantage, but it also causes the 

glass to be softer and can be dissolved at a quicker rate 

(Chen et al., 2015). The glass needs to remain on the teeth 

for a sufficient period to remineralise the tooth surface.  

The size of the chloride ion may also disrupt the 

crystallization phase during synthesis (Chen et al., 2015). 

 

Another issue with creating the chloride containing glass 

is how volatile chloride can be. For example, during the 

synthesis of the glass, it is common for the loss of 

chloride via three routes. The first is via direct 

volatilisation as CaCl2, reacts with the sodium to create 

NaCl and the other is via HCl by reacting with the water 

vapour in the furnace (Chen et al., 2015). Therefore, it is 

extremely important to prevent the loss of chloride via 

these routes. One possible solution would be to remove 

sodium in the composition to minimise the loss of 

chloride via the NaCl route. 

 

 

Apatite formation is required to 1) remineralise lost 
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1) Al-Eesa NA, Wong FSL, Johal A, Hill RG. Fluoride 

containing bioactive glass composite for orthodontic 

adhesives - ion release properties. Dent Mater. 2017 

Nov;33(11):1324-1329. doi: 

10.1016/j.dental.2017.08.185. Epub 2017 Oct 10. 

PMID: 29029848. 

2) Ananthakrishna S, Raghu TN, Koshy S, Kumar N. 

Clinical evaluation of the efficacy of bioactive glass 

and strontium chloride for treatment of dentinal 

hypersensitivity. Journal of Interdisciplinary Dentistry. 

2012 May 1;2(2):92-97. 

3) Brauer DS, Karpukhina N, O'Donnell MD, Law RV, 

Hill RG. Fluoride-containing bioactive glasses: effect 

of glass design and structure on degradation, pH and 

apatite formation in simulated body fluid. Acta 

Biomater. 2010 Aug;6(8):3275-82. doi: 

10.1016/j.actbio.2010.01.043. Epub 2010 Feb 2. 

PMID: 20132911. 

4) Chen, X., Hill, R.G. and Karpukhina, N. (2014) 

‘Chlorapatite Glass‐Ceramics’. Available at: 

https://doi.org/10.1111/ijag.12082. 

5) Chen X, Karpukhina N, Brauer D, Hill R. Novel 

Highly Degradable Chloride Containing Bioactive 

Glasses. Biomedical glasses. 2015;1(1). 

https://doi.org/10.1515/bglass-2015-0010 

6) Chen X Talludec C, Karpukhina N, Gillam D, Hill R 

(2017) BioMin C® - A Smart Fluoride-free 

Remineralising and Desensitising Toothpaste. IADR 

San Francisco Poster Abstract #3106 March 25, 2017.  

7) Cummins D. Dentin hypersensitivity: from diagnosis 

to a breakthrough therapy for everyday sensitivity 

relief. J Clin Dent. 2009; 20:1–9. 

8) De Caluwé T, Vercruysse CW, Declercq HA, 

Schaubroeck D, Verbeeck RM, Martens LC. 

Bioactivity and biocompatibility of two fluoride 

containing bioactive glasses for dental applications. 

Dent Mater. 2016 Nov;32(11):1414-1428. doi: 

10.1016/j.dental.2016.09.014. Epub 2016 Sep 27. 

PMID: 27686260. 

9) Dental caries. Dictionary.com. Dictionary.com 

Unabridged. Random House, Inc. 

http://www.dictionary.com/browse/dental-caries 

(accessed: January 19, 2018).     

10) Elgayar, I., Aliev, A. E., Boccaccini, A.R. and Hill, 

R.G. (2005) Structural Analysis of Bioactive Glasses. 

Journal of Non-Crystalline Solids, 351, 173-183. 

http://dx.doi.org/10.1016/j.jnoncrysol.2004.07.067 

11) Fathi H, Johnson A, van Noort R, Ward JM, Brook 

IM. The effect of calcium fluoride (CaF(2)) on the 

chemical solubility of an apatite-mullite glass-ceramic 



Sascha Scutt & David Gillam, Clin Oral Sci Dent (2025), 6:6 

P a g e  | 8 

 

 

 

 

Clin Oral Sci Dent, an open access journal                                                                                                                                                                                       Volume 6 • Issue 6 • 2025 

material. Dent Mater. 2005 Jun;21(6):551-6. doi: 

10.1016/j.dental.2004.07.018. PMID: 15904698. 

 

12) Featherstone JD. Dental caries: a dynamic disease 

process. Aust Dent J. 2008 Sep;53(3):286-91. doi: 

10.1111/j.1834-7819.2008.00064.x. PMID: 18782377. 

13) Freeman, C.O., Brook, I.M., Johnson, A. et al. 

Crystallization modifies osteoconductivity in an 

apatite–mullite glass–ceramic. Journal of Materials 

Science: Materials in Medicine 14, 985–990 (2003). 

https://doi.org/10.1023/A:1026306901058 

14) Gentleman E, Fredholm YC, Jell G, Lotfibakhshaiesh 

N, O'Donnell MD, Hill RG, Stevens MM. The effects 

of strontium-substituted bioactive glasses on 

osteoblasts and osteoclasts in vitro. Biomaterials. 

2010 May;31(14):3949-56.  

doi: 10.1016/j.biomaterials.2010.01.121. Epub 2010 

Feb 18. PMID: 20170952. 

15) Gillam DG, Newman HN, Davies EH and Bulman JS: 

Clinical efficacy of a low abrasive dentifrice for the 

relief of cervical dentinal hypersensitivity. J Clin 

Periodontol 1992: 19: 197-201 

16) Hench LL, Jones JR. Bioactive Glasses: Frontiers and 

Challenges. Front Bioeng Biotechnol. 2015 Nov 

30;3:194. doi: 10.3389/fbioe.2015.00194. PMID: 

26649290; PMCID: PMC4663244. 

17) Hill, RG., Stamboulis, A., Law, R.V., Clifford, A., 

Towler, MR. and Crowley, C. (2004) The Influence of 

Strontium Substitution in Fluorapatite Glasses and 

Glass-Ceramics. Non-Crystalline Solids, 336, 223-229  

https://doi.org/ 10.1016 /j.jnoncrysol.2004.02.005 

18) Lusvardi G, Malavasi G, Menabue L, Aina V, 

Morterra C. Fluoride-containing bioactive glasses: 

surface reactivity in simulated body fluids solutions. 

Acta Biomater. 2009 Nov;5(9):3548-62. doi: 

10.1016/j.actbio.2009.06.009. Epub 2009 Jun 10. 

PMID: 19523544. 

19) Kamitakahara M, Ohtsuki C, Miyazaki T. Review 

paper: behavior of ceramic biomaterials derived from 

tricalcium phosphate in physiological condition. J 

Biomater Appl. 2008 Nov;23(3):197-212. doi: 

10.1177/0885328208096798. PMID: 18996965. 

20) Karim BF, Gillam DG. The efficacy of strontium and 

potassium toothpastes in treating dentine 

hypersensitivity: a systematic review. Int J Dent. 

2013;2013:573258. doi: 10.1155/2013/573258. Epub 

2013 Apr 8. PMID: 23653647; PMCID: 

PMC3638644. 

21) Kassebaum NJ, Bernabé E, Dahiya M, Bhandari B, 

Murray CJ, Marcenes W. Global burden of untreated 

caries: a systematic review and meta regression. J 

Dent Res. 2015 May;94(5):650-8.  

22) Krishnan V, Lakshmi T. Bioglass: A novel 

biocompatible innovation. J Adv Pharm Technol Res. 

2013 Apr;4(2):78-83. doi: 10.4103/2231-

4040.111523. PMID: 23833747; PMCID: 

PMC3696226. 

23) M. Magallanes-Perdomo, Z.B. Luklinska, A.H. De 

Aza, R.G. Carrodeguas, S. De Aza, P. Pena, Bone-like 

forming ability of apatite–wollastonite glass ceramic, 

Journal of the European Ceramic Society, Volume 31, 

Issue 9, 2011, Pages 1549-1561, 

ISSN09552219,https://doi.org/10.1016/j.jeurceramsoc

.2011.03.007. 

(https://www.sciencedirect.com/science/article/pii/S09

55221911001063) 

24) Majji P, Murthy KR. Clinical efficacy of four 

interventions in the reduction of dentinal 

hypersensitivity: A 2-month study. Indian J Dent Res. 

2016 Sep-Oct;27(5):477-482. doi: 10.4103/0970-

9290.195618. PMID: 27966503. 

25) Marcenes W, Kassebaum NJ, Bernabé E, Flaxman A, 

Naghavi M, Lopez A, Murray CJ. Global burden of 

oral conditions in 1990-2010: a systematic analysis. J 

Dent Res. 2013 Jul;92(7):592-7. doi: 

10.1177/0022034513490168. Epub 2013 May 29. 

PMID: 23720570; PMCID: PMC4484374. 

26) O'Donnell MD, Watts SJ, Hill RG, Law RV. The effect 

of phosphate content on the bioactivity of soda-lime-

phosphosilicate glasses. J Mater Sci Mater Med. 2009 



Sascha Scutt & David Gillam, Clin Oral Sci Dent (2025), 6:6 

P a g e  | 9 

 

 

 

 

Clin Oral Sci Dent, an open access journal                                                                                                                                                                                       Volume 6 • Issue 6 • 2025 

Aug;20(8):1611-8. doi: 10.1007/s10856-009-3732-2. 

Epub 2009 Mar 28. PMID: 19330429. 

27) Patel VR, Shettar L, Thakur S, Gillam D, Kamala DN. 

28) A randomised clinical trial on the efficacy of 5% 

fluorocalcium phosphosilicate-containing novel 

bioactive glass toothpaste. J Oral Rehabil. 2019 

Dec;46(12):1121-1126. doi: 10.1111/joor.12847. Epub 

2019 Aug 18. PMID: 31233629. 

29) Petruzzi D. Toothpaste market value in Great Britain 

2010-2022. Published July 21, 2023. 

https://www.statista.com/statistics/474209/market-

value-toothpaste-in-great-britain-uk. Accessed 3rd 

February 2025 

30) Prasad PS, Pasha MB, Rao RN, Rao PV, Madaboosi 

N, Özcan M. A Review on Enhancing the Life of 

Teeth by Toothpaste Containing Bioactive Glass 

Particles. Curr Oral Health Rep. 2024;11(2):87-94. 

doi: 10.1007/s40496-024-00366-3. Epub 2024 Feb 16. 

PMID: 38706577; PMCID: PMC11062909. 

31) Rafferty A, Clifford A, Hill R, Wood D, Samuneva B 

and Dimitrova-Lukacs M (2000). Influence of fluorine 

content in apatite mullite glass ceramics. Journal of 

the American Ceramic Society 83 (11), 2833-2838. 

32) Salah R, Aafifi RR, Kehela HA, Aly NM, Rashwan 

M, Hill RG. Efficacy of novel bioactive glass in the 

treatment of enamel white spot lesions: a randomized 

controlled trial. J evid based dent pract. 2022 

dec;22(4):101725. 

doi: 10.1016/j.jebdp.2022.101725. Epub 2022 Mar 19. 

PMID: 36494113. 

33) Sandland, TO., Du, L., Stebbins, JF., & Webster, JD. 

(2004). Structure of Cl-containing silicate and 

aluminosilicate glasses: A 35Cl MAS-NMR study. 

Geochimica et Cosmochimica Acta, 68, 5059-5069. 

34) Stanton, KT, O'Flynn KP, Kiernan S, Menuge J, Hill 

R. Spherulitic crystallization of apatite–mullite glass-

ceramics: Mechanisms of formation and implications 

for fracture properties, Journal of Non-Crystalline 

Solids, Volume 356, Issues 35–36, 2010,1802-1813, 

ISSN00223093,https://doi.org/10.1016/j.jnoncrysol.20

10.07.006. 

(https://www.sciencedirect.com/science/article/pii/S00

22309310003820) 

35) Tiskaya M, Gillam D, Shahid S, Hill R (a). A 

Potassium Based Fluorine Containing Bioactive Glass 

for Use as a Desensitizing Toothpaste. Molecules. 

2021 Jul 17;26(14):4327.  

doi: 10.3390/molecules26144327. PMID: 34299602; 

PMCID: PMC8304061. 

36) Tiskaya M, Shahid S, Gillam D, Hill R (b). The use of 

bioactive glass (BAG) in dental composites: A critical 

review. Dent Mater. 2021 Feb;37(2):296-310. doi: 

10.1016/j.dental.2020.11.015. Epub 2021 Jan 10. 

PMID: 33441250. 

37) Topbaşi B, Türkmen C, Günday M. An investigation 

of the effect of a desensitizing dentifrice on dentinal 

tubules in vitro and in vivo. Quintessence Int. 1998 

Mar;29(3):197-9. PMID: 9643257. 

38) Wen PYF, Chen MX, Zhong YJ, Dong QQ, Wong 

HM. Global Burden and Inequality of Dental Caries, 

1990 to 2019. J Dent Res. 2022 Apr;101(4):392-399.  

39) Wrigley oral healthcare program. (2016). The 

Stephans curve. 

Available:http://www.wrigleyoralhealthcare.co.uk/clin

ical-research/the-stephan-curve. Last accessed 24 

January 2018. 

40) Zeng Y, Tan C, Li P, Xu Y. (2013). High salt 

toothpaste with stable viscosity. Available: 

http://www.google.com/patents/US20170119634. Last 

accessed 27th December 2017. 

 

 

 

 

 

  



Sascha Scutt & David Gillam, Clin Oral Sci Dent (2025), 6:6 

P a g e  | 10 

 

 

 

 

Clin Oral Sci Dent, an open access journal                                                                                                                                                                                       Volume 6 • Issue 6 • 2025 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© The Author(s) 2025. This article is distributed under the terms of the Creative Commons Attribution 4.0 International 

License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any 

medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons 

license and indicate if changes were made. The Creative Commons Public Domain Dedication waiver 

(http://creativecommons.org publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated. 

 
Ready to submit your research? Choose RN and benefit from:  

 

 Fast, convenient online submission.  

 Thorough peer review by experienced researchers in your field.  

 Rapid publication on acceptance.  

 Support for research data, including large and complex data types.  

 Global attainment for your research.  

 At RN, research is always in progress.  

 Learn more: researchnovelty.com/submission.php  

 


