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Abstract: 

Background: As the prevalence of dental caries in Egypt is high, it is imperative that fluoride 

content in toothpastes be sufficient to prevent it.   

Aim: To measure total and ionized fluoride content in toothpastes most commonly used by 

Egyptian children. 

Methods: A cross-sectional descriptive study was carried out by conducting a pilot survey to 

determine the two most commonly used toothpastes by Egyptian children aged 2-6 years. 

Triplicates of each were purchased from different stores and emptied into sterile, labeled 

containers. An ion chromatography system with fluoride ion-specific electrode was utilized to 

measure total and ionized fluoride content in each of the triplicates. 

Results: According to the pilot study, FKB and SKS toothpastes were the two most commonly 

used in the Egyptian market. Total fluoride content in FKB was not declared on its box, and 

when measured was 878.23±26.76 ppm. Its ionized fluoride content was 648.87±47.93 ppm. 

Total fluoride concentration in SKS was declared to be 1000 ppm, and when measured was 

896.73±25.12 ppm, while the ionized fluoride content was 686.07±68.53 ppm. Total and ionized 

mean released fluoride from both brands of toothpastes were all significantly lower than 1000 

ppm (p<0.05), which is the fluoride concentration needed for caries prevention. 

Conclusion: Fluoride content in the examined toothpastes is not coincident with that declared by 

the manufacturer, and significantly lower than the concentration needed for caries prevention. 

More care and better monitoring of toothpastes in the Egyptian market are recommended. 
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Introduction 

     Caries has been and remains the most 

common oral disease worldwide.
1
 

Prevalence of dental caries in Egypt was 

estimated to be nearly 70%, according to the 

World Health Organization (WHO) in 

2014.
2
 According to the American Dental 

Association (ADA), dental caries is a 

“biofilm-mediated, sugar-driven, 

multifactorial, dynamic disease that results 

in the phasic demineralization and 

remineralization of dental hard tissues.” 

When demineralization has the upper hand 

for ample time, caries occurs.
3,4

 

     Fluoride has been proven to be very 

effective in preventing dental caries and 

arresting early lesions by multiple 

mechanisms.
5–10

 It can be delivered in 

several ways; community water fluoridation, 

applied professionally, or self-administered 

using toothpastes and  

mouthrinses.
11

Fluoride’s  effect is greater 

when applied topically.
12

 

     Toothpastes are of utmost importance in 

maintaining oral health.
13,14

 The 

composition of toothpaste is complex, as it 

is formed of a mixture of active and inactive 

ingredients suspended in an aqueous 

medium.
15–17

 Inactive ingredients give 

toothpaste its consistency, taste, color and 

bind components together. They are mostly 

abrasives and humectants. On the other 

hand, active ingredients are those that have a 

positive effect on oral hygiene. Those are 

listed in Table (1).
18

 

 

Table (1): Active Ingredients of Toothpastes 

Active Ingredient Function Examples 

Anti-gingivitis agents Anti-inflammatory effects Triclosan, stannous fluoride, zinc salts 

Anti-malodor agents Prevent bad breath Zinc salts 

Anti-tartar agents Prevent supragingival plaque 

formation 

Phosphate salts, zinc salts 

Whitening agents Remove extrinsic stains  Phosphate salts 
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Desensitizing agents Relief dentin hypersensitivity Strontium salts, stannous fluoride, 

calcium sodium phosphosilicate 

Remineralizing-agents   

 

Mineral deposition in tooth 

structure 

CPP, CPP-ACP, Calcium sodium 

phosphosilicate,  hydroxyapatite, 

xylitol 

Anti-caries agents Prevent caries Fluoride 

 

     

     There are three factors that affect the 

anticaries effect of fluoridated toothpastes: 

fluoride concentration, frequency of 

brushing, and post-brushing rinsing 

behavior.
19

 Low-fluoride toothpastes, 

containing less than 600 parts per million 

(ppm) fluoride, are available for young 

children in many countries. However, these 

toothpastes have limited evidence on their 

anticaries effect.
20

 Standard toothpastes 

contain 1000 ppm up to 1500 ppm fluoride, 

while high fluoride toothpastes containing 

up to 5000 ppm are available on 

prescription.
19,21

 

     There is a strong relation between the 

type of abrasive used in the toothpaste and 

the fluoride compound. In toothpastes, 

sodium fluoride ionizes to give fluoride 

ions, while sodium monofluorophosphate 

requires the action of salivary phosphatase 

enzyme to ionize.
22

Abrasives should be 

compatible with the fluoride compound 

used, as they have the ability to inactivate 

fluoride by binding to the ionized fluoride 

available and rendering it inactive.
17,18

 

     Accordingly, it can be concluded that 

toothpastes contain ionized (bioavailable) 

fluoride and non-ionized (compound) 

fluoride. Their sum is the total fluoride 

content of toothpaste. The cariostatic effect 

of fluoride in toothpastes is related to the 

free or ionized (F
-
) fluoride rather than its 

total fluoride content.
23

 

     Studies in different countries such as 

India
24

, Brazil
25

, Saudi Arabia
26

, South 

Africa
27

 and Peru
28

 have shown that there’s 

inconsistency of total fluoride content 

measured with that declared by the 
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manufacturer. They also reveal in 

homogeneity of total fluoride (TF) and free 

or total soluble fluoride (TSF) 

concentrations in toothpastes. Moreover, 

they reveal that TSF is inappropriate for 

dental caries control. Therefore, it is of 

utmost importance to measure total and 

ionized fluoride content in toothpastes most 

commonly used by Egyptian children to 

ensure that it is of optimal level for caries 

prevention. 

Methods: 

The present study is a cross-sectional 

descriptive study that was concerned with 

the measurement of total and ionized 

fluoride content in the most commonly used 

toothpastes by Egyptian children.  

Sampling 

A pilot study was conducted at the Pediatric 

Dentistry and Dental Public Health 

Department, Faculty of Dentistry, Ain 

Shams University. Thirty-five caregivers 

escorting their children for dental care on 

different days were asked whether their 

children use toothpaste or not. If yes, they 

were asked about the type of toothpaste 

used. The most commonly used types were 

FKB and SKS. Hence, these were employed 

in this study. 

Each type of toothpaste was bought in 

triplicate, similar to other studies.
24,26,28

 

Toothpastes were bought from different 

stores to ensure that their storage hasn’t 

affected the toothpastes’ fluoride 

concentration.  

Flavors with similar colors of the selected 

toothpastes (SKS and FKB) were used. 

Toothpaste tubes were randomly emptied 

into sterile containers, each labeled with a 

letter from A through F. This ensured 

blinding of both the assessor and the 

statistician. 

Fluoride content analysis 

Measurement of toothpastes’ fluoride 

content was conducted at the Faculty of 

Science Central Laboratory, Ain Shams 

University. A Thermo Scientific Ion 

Chromatography System
29

 was used. 

Analysis was achieved according to Pearce 

protocol.
30

 In the current study, both total 

fluoride (TF) and fluoride ions (FI) were 

measured. 

The Pearce protocol has been used since 

1980 at the Laboratory of Oral Biochemistry 

at Piracicaba Dental School. The protocol is 

as follows: 90 to 110 mg of toothpaste were 

weighed (± 0.01 mg). They were 

homogenized in 10 mL of deionized water. 

Duplicates of 0.25 mL of the suspension 

were transferred to test tubes for TF 

analysis. The remaining of the suspension 

was centrifuged (3,000 g, 10 min, r.t.) to 
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remove fluoride bound to the abrasive. 

Duplicates of 0.25 mL of the supernatant 

were transferred to test tubes to determine FI 

concentrations. For the TF tubes, 0.25 mL of 

2.0 M HCl was added. After 1 hour at 45°C, 

the samples were neutralized with 0.5 mL 

1.0 M NaOH 1.0 M and buffered with 1.0 

mL of Total Ionic Strength Adjustment 

Buffer (TISAB II). TISAB II is 1.0 M 

acetate buffer, pH 5.0, containing 1.0 M 

NaCl and 0.4% CDTA. It is a property of 

Sigma Aldrich Company. To the FI tubes, 

0.50 mL of 1.0 M NaOH was added and 

buffered with 1.0 mL of TISAB II and 0.25 

mL of 2.0 M HCl. 

Data analysis 

Numerical data were presented as mean and 

standard deviation values. They were 

explored for normality by checking the data 

distribution, and using Shapiro-Wilk test. 

Data were normally distributed and were 

analyzed using one-sample t-test. The 

significance level was set at p ≤ 0.05.  

Statistical analysis was performed with R 

statistical analysis software version 4.1.3 for 

Windows
1
 . 

 

 

                                                           
1

R Core Team (2023). R: A language and 

environment for statistical computing. RFoundation 

for Statistical Computing, Vienna, Austria.URL 

https://www.R-project.org/. 

Results: 

Total fluoride content in FKB was not 

declared on its box, and when measured was 

878.23±26.76 ppm. Ionized fluoride content 

was 648.87±47.93 ppm. Total fluoride 

content in SKS was declared to be 1000 

ppm, and when measured was 896.73±25.12 

ppm, while ionized fluoride content was 

686.07±68.53 ppm. Total and ionized mean 

released fluoride from both brands of 

toothpastes were all significantly lower than 

1000 ppm (p<0.05). This is shown in Table 

2. 
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Table 2: Mean and standard deviation values for toothpaste fluoride release and its 

difference from 1000 ppm 

Parameter Toothpaste Mean±SD p-value for the difference from 

1000 (ppm) 

Ionized Fluoride 

(ppm) 

FKB 648.87±47.93 0.006* 

SKS 686.07±68.53 0.016* 

Ionized Fluoride 

(ppm) 

FKD 878.23±26.76 0.016* 

SKS 896.73±25.12 0.019* 

 

Discussion: 

The ionized fluoride content of a toothpaste 

should be at least 1000 ppm to have an anti-

caries effect.
20

 Both toothpastes in the 

current study showed total and ionized 

fluoride contents significantly lower than 

1000 ppm. 

These results are similar to other studies 

conducted internationally. Cury et al
25

 

(Brazil, 2010), Sebastian and Siddanna
24

 

(India, 2015), Farooq et al
26

 (Saudi Arabia, 

2018), Vorster et al
27

 (South Africa, 2018) 

and Jairoun et al
31

 (U.A.E., 2021) found 

that some companies did not declare the 

fluoride concentration on the packaging. 

Toothpastes mainly showed in homogeneity 

between the fluoride content declared by the 

manufacturer and that measured.  Most 

toothpaste had lower ionized fluoride 

content than the total content. This may be 

due to the lack of monitoring on producing 

companies; it may also be due to lack of 

guidelines on manufacturing toothpastes. 

Some toothpaste had insufficient fluoride 

concentration for caries prevention. This 

could be due to the use of cheap ingredients, 

especially abrasives, in the manufacturing 

process. 

These results showed us that companies 

must be obliged to declare the fluoride 

content of its toothpastes. It also shows that 

closer monitoring of the fluoride content of 

toothpastes is needed, as there is an 

inconsistency between that declared by the 

manufacturer and that actually measured. 

*; significant (p ≤ 0.05) 
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Moreover, care must be taken to allow 

compatibility between the used fluoride 

compound and the abrasive. This is to make 

sure that the ionized (active) fluoride level is 

sufficient enough for caries prevention. 

Although this study has only been 

performed on the two most commonly used 

kids’ toothpastes in Egypt, it has shown that 

there is a significant problem. This problem 

could be one of the reasons behind the high 

caries prevalence amongst Egyptian 

children.  

Limitations 

Measurement of fluoride content was 

carried out on only two types of toothpastes 

used by children, whereas the market has 

many more different kinds. Choosing the 

most commonly used children’s toothpastes 

was carried out by a pilot study in the 

Department of Pediatric Dentistry, Ain 

Shams University. This is not representative 

of the entire Egyptian population.  

 

Conclusions: 

Within the limitations of the current study, it 

can be concluded that some manufacturers 

do not label their toothpaste with its fluoride 

concentration. Also, some manufacturers 

label their toothpastes with a fluoride 

concentration less than that actually 

available. 

Recommendations 

- There is a need to monitor toothpastes 

production in Egypt and their fluoride 

content (both total and ionized). 

- Toothpaste manufacturers should clearly 

label their products with the amount of total 

and ionized fluoride present. 

- Manufacturers should follow up on the 

available guidelines regarding fluoride 

concentration in toothpaste for different 

ages. 

- Authorities should send updates of the 

guidelines to manufacturers. 
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