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Introduction
Toothpastes have been used since ancient 
times,[1] yet the fluorides, as the most 
active ingredients, have been added for the 
first time in 1914 in the United  Kingdom. 
Toothpastes with fluoride did not enter 
into massive usage until 1956 in America. 
Today, the fluoride toothpastes make 
up >95% of all toothpaste sales in America 
and Europe.

During topical fluoridation, a calcium 
fluoride  (CaF2)‑like material is formed on 
the tooth enamel. It acts as an F reservoir 
and is a source of free ions during 
cariogenic challenges. Thus, it makes CaF2 
the most effective compound in inhibiting 
enamel demineralization.[2]

The widespread use of fluoride has 
led to reducing the incidence of dental 
caries but has also increased the rate of 
dental fluorosis. The risk of fluorosis 
is especially high in preschool children 
because they tend to swallow the toothpaste 
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Abstract
Aim: This study evaluated in  vitro the remineralization capacity of commercial toothpastes 
with different fluoride  (F) concentrations and their effectiveness when they are acidified. 
Materials and Methods: One hundred and twelve caries‑free teeth were used to prepare enamel 
specimens, and the specimens were divided into 16 groups  (n  =  7). Baseline surface Vickers 
microhardness was measured for all the specimens and all the tested groups were subjected 
to the pH‑cycling regime involved five demineralization challenges each day for 10  days, and 
surface Vickers microhardness was then measured. Once daily, specimens were exposed for 
30 min after last demineralization challenge of the day to the slurry of each toothpaste containing 
1450 ppm F, 1000 ppm F, 450 ppm F, and 0 ppm F. The slurry was in original pH or acidulated on 
6.5, 6.0, or 5.5 pH. The difference among tested group was assessed by analysis of variance and 
Newman–Keuls test  (P  <  0.05). Results: The highest increase in microhardness was detected after 
treatment with toothpaste containing 1450  ppm fluoride  (percentage of increase in microhardness 
was 6.20%), and the biggest loss was detected after treatment with toothpaste containing no 
fluoride  (percentage of decrease was 6.82%), but there was no significant difference between tested 
groups. Conclusions: The highest increase in microhardness was detected after treatment with 
toothpaste containing more fluorides (1450 ppm F) regardless of the acidity.

Keywords: Enamel demineralization, fluoride, pH cycling, prevention

Influence of Toothpaste pH on Its Capacity to Prevent Enamel 
Demineralization

Original Article

Lidia Gavic, 
Kristina Gorseta1, 
Ali Borzabadi-
Farahani2, 
Antonija Tadin, 
Domagoj Glavina1

Study of Dental Medicine, 
School of Medicine, University 
of Split, Split, Croatia, 
1Department of Pediatric 
Dentistry, School of Dental 
Medicine, University of Zagreb, 
Zagreb, Croatia, 2Department 
of Clinical Sciences and 
Translational Medicine, 
University of Rome'Tor 
Vergata', Rome, Italy; Specialist 
Orthodontic Practice, London, 
England, UK

How to cite this article: Gavic L, Gorseta K, 
Borzabadi-Farahani A, Tadin A, Glavina D. Influence 
of toothpaste pH on its capacity to prevent enamel 
demineralization. Contemp Clin Dent 2018;9:554-9.

This is an open access journal, and articles are 
distributed under the terms of the Creative Commons 
Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows 
others to remix, tweak, and build upon the work non‑commercially, 
as long as appropriate credit is given and the new creations are 
licensed under the identical terms.

For reprints contact: reprints@medknow.com

during daily tooth brushing.[3,4] Pessan 
et  al. showed that the main source of 
fluoride intake in preschool children 
was the dentifrices.[5] In many countries 
including Croatia, it is recommended 
that children should use toothpastes 
containing  <600  ppm.[3] Santos et  al. in 
their systematic review have proved that 
those low‑fluoride toothpastes do not have 
the same anticariogenic effect as those 
containing higher F concentrations. They 
showed that children who brushed with 
low‑fluoride toothpaste had an increased 
risk of caries.[6]

Whereas, it is known that the formation 
of CaF2 increases as the pH of a topical F 
agent decreases.[7,8] There are also studies 
that tested low‑fluoride toothpastes with 
acidic level. Some authors evaluated 
the effectiveness of acidic toothpaste 
with reduced fluoride concentrations.[9‑12] 
Brighenti et al. found in their study that the 
low‑fluoride toothpaste was more effective 
when it was acidified than toothpaste with 
neutral pH. Furthermore, they found that 
the effectiveness of acidified low‑fluoride 
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toothpaste  (550  ppm F) was similar to neutral higher 
fluoride  (1100  ppm F) toothpaste.[9] Olympio et  al. found 
that the acidulated dentifrice with 550 ppm F led to similar 
salivary concentrations of fluoride as the neutral dentifrice 
with 1100 ppm.[10] Furthermore, the results of Buzalaf et al. 
indicate that the reduction of dentifrice pH increases F 
uptake in dental plaque.[11]

The purpose of this study was to evaluate in  vitro the 
remineralization capacity of commercial toothpastes with 
different F concentrations and their effectiveness when they 
are acidified.

The aim was to investigate how commercially available 
toothpastes with different fluoride levels perform on 
original and adjusted pH level and to study their abilities to 
prevent enamel demineralization.

Materials and Methods
Preparation of enamel slabs

For this experiment, 112 caries‑free teeth, which had been 
extracted for orthodontic reasons, were used and equally 
divided into 16 groups  (n  =  7). The teeth were stored 
immediately after extraction in 2% formaldehyde solution 
at 25°C. Enamel specimens were prepared from the buccal 
surface, using a water‑cooled diamond saw, according to the 
relevant standard operating procedure  (about 4  mm wide, 
4 mm long, and 2 mm depth)  [Figure  1]. In addition, each 
of the enamel slabs was embedded in acrylic resin and cured 
for 24 h. The surfaces of the resin blocks were progressively 
polished with an automatic polishing machine  (RotoPol 11, 
Struers, Copenhagen, Denmark) under running water with 
carborundum discs  (500 and 1200 grit; FEPA, Struers, 
Denmark). These procedures were implemented to achieve 
parallel planar surface for the Vickers microhardness tests.

Microhardness measurements

A Vickers diamond indenter  (HMV Shimadzu, Japan) 
was used in a standard microhardness tester for specimen 

indentation. A  load of 980 mN applied for 10 s was used 
to make indentations. Each sample was subjected to six 
indentations before and after demineralization cycling.

pH‑cycling regime

All the tested groups were subjected to the five 
demineralization challenges each day for 10  days. For 
the demineralization, the method proposed by Ten Cate 
was used.[13] The specimens were dipped in 50  ml of the 
demineralization solution once a day for 5  min  (1.5 mM 
CaCl2, 0.9 mM KH2PO4, 50 mM acetic acid, and pH 4.8). 
Subsequently, the specimens were rinsed in distilled water 
for a minute and placed in 50  ml of artificial saliva for 
90 min. Preparation of artificial saliva was made according 
to Al‑Mullahi and Toumba.[14]

During the daytime, the formulation of artificial saliva 
was as follows: calcium carbonate 0.07  g/l, magnesium 
carbonate 0.019  g/l, potassium dehydrogenate phosphate 
0.554  g/l, HEPES (Bioanalytic GmbH, Umkirch/Freiburg, 
Germany)  buffer  (acid form) 4.77  g/l, potassium chloride 
2.24  g/l, and pH  6.8. After the last demineralization, the 
specimens were exposed to the slurry of toothpaste, once 
a day, and after that they were rinsed with distilled water 
and immersed in 50  ml of nighttime artificial saliva 
formulation  (calcium carbonate 0.05  g/l, magnesium 
carbonate 0.019  g/l, potassium dehydrogenate phosphate 
0.068  g/l, HEPES buffer  [acid form] 4.77  g/l, potassium 
chloride 2.24  g/l, and pH  6.8).[14] Everyday, the pH values 
of demineralization and remineralization solutions were 
measured with a pH meter (HI 8014, HANNA instruments, 
Biobloch Scientific). After 10  days of the pH‑cycling 
regime, all enamel specimens were rinsed with distilled 
water and stored in sealed containers with wet gauze until 
being analyzed.

Toothpaste treatment

The toothpastes used in this study were Vademecum Anticaries 
and Naturel  (1450  ppm F, Henkel, Slovenia), Kalodont 
Pro‑Care Herbal  (1000  ppm F, Saponia Osijek, Croatia), 
Signal Kids  (450  ppm F, Unilever, France), and Kalodont 
Wild Strawberry (0 ppm F, Saponia Osijek, Croatia).

Once a day, for 30  min, during 10  days, after the last 
demineralization, the enamel specimens were exposed to the 
toothpaste/deionized water slurries (1:3 w/w).[14] The solution 
was prepared daily before application by mixing toothpaste 
and deionized water in the ratio of 1:3, and the pH values 
were measured in each slurry with a pH meter  (HI 8014, 
HANNA instruments, Biobloch Scientific). The original pH 
of the slurries and their standard deviations for 10 days during 
the experiment are listed in Table  1. Once the initial pH of 
the slurries was measured, it serves as a control group. The 
pH of the experimental slurries was adjusted to pH 6.5, 6.00, 
and 5.5 using the hydrochloric acid (0.1 mol/L) [Figure 2]. In 
each group, four different slurries were prepared, one with the 
original pH and three were acidified with hydrochloric acid.Figure 1: Enamel slabs embedded in acrylic resin (4 mm × 4 mm)
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Statistical analysis

The data were subjected to analysis of variance  (ANOVA) 
using a general linear model procedure of  Statistica 7.0 
(StatSoft, Inc., Tulsa, OK, USA) package. Statistica was set 
to P < 0.05. The difference among tested group was assessed 
by ANOVA and Newman–Keuls post hoc test (P < 0.05).

Results
The baseline and final microhardness as well as the 
difference in microhardness before and after treatment and 
the percentage of change in microhardness are presented in 
Table 2.

The results of ANOVA test for tested toothpaste showed 
statistically significant difference between the initial and 
final microhardness  (P  <  0.05). According to the post hoc 
Newmann–Keuls tests (P < 0.05), there was no statistically 
significant difference among tested groups.

The highest increase in microhardness was detected 
after treatment with toothpaste containing 1450  ppm F 
(percentage of increase in microhardness was 6.2%), and 
the biggest loss was detected after treatment with toothpaste 
containing no fluoride (percentage of decrease was 6.82%), 
but there was no significant difference between the tested 
groups.

Discussion
Dental caries is the most common infectious disease, 
but it can be prevented. The use of fluoride along other 
preventive measures such as eliminating established 
M.  streptococcus population from the oral cavity and 

control of the carbohydrate composition of the diet are the 
most successful healthy measures in dental care. Namely, 
fluorides could increase the acid resistance of the tooth.[15]

Fluoridated toothpastes are considered the most effective 
agents for preventing enamel demineralization, but their 
use increases the risk of dental fluorosis, especially in 
children who swallow large amounts of toothpaste during 
everyday brushing.[3] Therefore, the recommendations are 
to use a small amount of toothpaste[16] or a product with 
low‑fluoride concentration.[9]

All the toothpastes used in this study had an original pH 
of the toothpaste/deionized water slurry (1:3 w/w) of above 
6.80. The highest pH level was measured in the Signal 
Kids toothpaste  (7.09), but all other toothpastes had pH 
level near the neutral value [Table 1].

The pH‑cycling model used in this study was based on a 
study by Mulahi and Toumba,[14] and it was designed to 
stimulate the demineralizing and remineralizing episodes. 
This study was mainly focused on the prevention of 
demineralization, not remineralization of artificial 
preformed caries lesion,[17] and this protocol should have 
been able to stimulate the clinical situation.[18]

Microhardness measurements were used to provide 
evidence of enamel mineral loss or gain in connection with 
demineralization challenge and treatment with different 
toothpastes.[19,20]

Even though the findings obtained in this study are not 
statistically significant, they show a trend of increase in 
microhardness after treatment with toothpaste containing 
fluorides in all concentrations and decrease in microhardness 

Table 1: List of toothpaste used in the study
Toothpaste Manufacturer Ingrediens F (ppm) pH (slurry 1:3 w/w)
Vademecum 
Anticaries and 
Naturel

Henkel, 
Slovenia

Aqua, Sorbitol, Hydrated Silica, PEG‑32, Sodium auryl sulfate, Aroma, 
Glycerin, Cellulose gum, Sodium fluoride, Panthenol, Magnesium 
sulfate, Disodium phosphate, Sodium saccharin, Chamomilla recutita 
flower extract, Calcium glycerophosphate, Trisodium phosphate, Zinc 
sulfate, Propylene glycol, Sodium sulfate, Retinyl palmitate, Lactic acid, 
Manganese sulfate, Melissa officinalis leaf extract, Salvia Officinalis 
leaf extract, Thymus vulgaris Extract, Sodium benzoate, Limonene, CI 
42090, CI 47005, CI 77891

1450 6.83±0.04

Kalodont 
Pro‑care 
Herbal

Saponia 
Osijek, Croatia

Aqua, Hydrated Silica, Sorbitol, Glycerin, PEG‑8, Sodium lauryl 
sulfate, Aroma, Xanthan gum, Sodium monofluorophosphate, 
Propylene glycol, Ethoxydiglycol, Matricaria extract, Sage extract, 
Balm Mint extract, Witch‑hazel extract, Tormentil extract, Rosemary 
extract, Cocamidopropyl betaine, Tetrapotassium pyrophosphate, 
Sodium methylparaben, Sodium saccharin, Limonene, Citral, Linalool, 
Citronellol, Mica, CI 77891, CI 74160, CI 74260

1000 6.92±0.04

Signal Kids Unilever, 
France

Sorbitol, Aqua, Hydrated Silica, PEG‑32, Sodium lauryl sulfate, 
Cellulose gum, Sodium fluoride, Sodium saccharin, Tocopheryl acetate, 
Calcium gluconate, Glycerin, CI 74160, CI 77891

450 7.09±0.05

Kalodont Wild 
Strawberry

Saponia 
Osijek, Croatia

Aqua, Hydrated Silica, Sorbitol, Glycerin, Xylitol, PEG‑8, Sodium 
lauryl sulfate, Aroma, Sodium saccharin, Panthenol, Xanthan gum, 
Cocamidopropyl betaine, Tetrapotassium pyrophosphate, Dmdm 
Hydantoin, Mica, Benzyl Alcohol, CI 77891, CI 16255

0 6.81±0.07

Contemporary Clinical Dentistry | Volume 9 | Issue 4 | October-December 2018� 556

D
ow

nloaded from
 http://journals.lw

w
.com

/cocd by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 10/11/2024



Gavic, et al.: Prevention of enamel demineralization

when the specimens were treated with fluoride‑free 
toothpaste. The absence of statistical significance could be 
due to small sample size in each group (n = 7).

When investigating how the original solutions of the 
toothpaste affected demineralization, it could be shown that 
the toothpaste with the highest level of fluoride (1450 ppm) 

prevented demineralization the most. Moreover, the 
microhardness values were higher at the end of the 
experiment.

In this study, toothpaste containing 450  ppm (Signal Kids) 
had a slightly better effect on the demineralization prevention 
than the toothpaste that contained 1000  ppm F 

Table 2: The mean (standard deviation) of enamel Vickers microhardness values (kg/mm2) before and after treatment 
with toothpastes with different pH level; difference in microhardness and percentage of changes

Toothpaste ppm pH Baseline microhardness Final microhardness Δ microhardness Percentage changes
Vademecum 
Anticaries 
and Naturel

1450 6.83 317.00 (11.89) 336.9 (29.53) 19.97 (22.08) 6.20 (6.78)
6.5 336.39 (29.41) 354.28 (27.47) 17.89 (21.20) 5.55 (6.46)
6.0 329.19 (17.13) 338.21 (15.46) 15.02 (14.09) 4.76 (4.53)
5.5 339.86 (35.02) 340.36 (21.42) 0.5. (22.75) 0.64 (6.76)

Kalodont 
Pro‑Care 
Herbal

1000 6.92 346.62 (22.89) 352.19 (20.79) 5.57 (21.11) 1.79 (6.18)
6.5 345.11 (14.60) 345.55 (27.56) 1.00 (22.71) 0.11 (6.66)
6.0 369.43 (24.96) 362.87 (24.87) −6.56 (16.51) −1.69 (4.43)
5.5 330.78 (35.51) 347.45 (34.72) 16.67 (23,20) 5.32 (7.26)

Signal Kids 450 7.09 352.71 (18.11) 360.95 (19.96) 8.24 (18.28) 2.44 (5.41)
6.5 323.62 (33.55) 332.81 (24.37) 9.19 (21.43) 3.23 (7.42)
6.0 347.64 (20.00) 353.55 (26.40) 5.91 (14.61) 1.66 (4.28)
5.5 358.02 (33.65) 339.00 (22.22) −19.02 (20.71) −4.95 (5.73)

Kalodont 
Wild 
Strawberry

0 6.81 368.19 (45.58) 342.76 (46.26) −25.43 (24.61) −6.82 (6.52)
6.5 331.17 (36.01) 330.17 (14.84) −1.00 (31.00) 0.60 (10.58)
6.0 348.09 (30.04) 331.10 (31.06) −17.00 (38.27) −4.45 (10.44)
5.5 367.88 (29.98) 361.98 (26.78) −5.90 (10.02) −1.53 (2.57)

N=7 specimens per experimental condition. SDs are shown in parentheses. There is not statistically different at P<0.05 by Newman‑Keuls 
test. SD: Standard deviation

Figure 2: Flowchart illustrating the study protocol
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(Kalodont Pro‑care). The toothpaste Kalodont Pro‑care 
contains 0.76% sodium monofluorophosphate  (MFP) as 
opposed to Signal Kids, which contains sodium fluoride. In 
some studies, it has been shown that toothpastes containing 
MFP were slightly less effective than those containing 
sodium fluorides.[21‑23] MFP needs to be hydrolyzed to 
release fluoride ions, and this ionization varies, depending 
on the activity of the enzyme phosphatase in the oral 
cavity.[24] Since this in  vitro study was conducted with 
artificial saliva, this could partially explain the findings, 
attributed to the absence of enzymes required to break the 
MFP bond and release the fluoride ions.

The greatest decrease in microhardness occurred, as 
expected, in the specimens treated with the toothpaste not 
containing fluoride. However, this loss of minerals and 
microhardness in comparison with other toothpastes was 
not statistically significant. Again, this lack of statistical 
significance could be due to small sample size in each 
group (n = 7). Kalodont Wild Strawberry used in this study 
contained xylitol that other toothpastes did not. Xylitol 
acts as an inhibitor of demineralization, by preventing 
translocation of Ca++ and PO4

3−  ions from lesions and also 
improves remineralization by acting as a Ca++ ions carrier 
from the remineralization solution.[25] Xylitol also has a 
buffering capacity.[26] When the original Kalodont Wild 
Strawberries toothpaste solution was acidified, much more 
acid was needed than in other pastes, and this could be a 
result of containing xylitol in its composition.

When the original solutions of toothpastes containing 
sodium fluoride were acidulated, the findings contradicted 
those obtained by Brighenti et  al.[9] Namely, the 
microhardness was lower after treatment with acidulated 
toothpaste than original ones. After 10  days of treatment, 
the average values of microhardness were higher in all 
groups of toothpastes, except the toothpaste with 450 ppm 
acidulated at pH 5.5 [Table 2].

In the   Brighenti et  al. study, the tested toothpastes 
were experimental with the same ingredients except 
fluoride concentrations and pH levels.[9] In our study, we 
used the commercial toothpaste with different factory 
compositions [Table 1].

González‑Cabezas et  al. investigated the effect of low 
pH on surface rehardening efficacy of high‑concentration 
fluoride treatments.[27] The results from their study 
suggested that high‑concentration fluoride treatments with 
acidic pH were more effective. This is contradictory to 
the present findings, but their fluoride concentrations were 
much higher than what we used here.[27]

When we observed the changes in enamel microhardness 
after the treatments with acidulated toothpaste containing 
1000  ppm F in the form of MFP, the greatest change 
occurred after treatment with solution acidulated at pH 5.5. 
The results were similar to those obtained after treatment 
with toothpaste with higher concentration of sodium 

fluoride  (1450  ppm) and pH about 7.0. As mentioned 
earlier, MFP needs to be hydrolyzed. Furthermore, the 
dissociation of MFP in aqueous solution at neutral pH is 
only 6%, whereas sodium fluoride dissociates completely. 
The dissociation release of F from MPF can be accelerated 
in acidic medium.[28,29]

It could be concluded that for toothpaste containing MFP, 
it would have been more effective to be used in an acidic 
solution than neutral.

Today, they are many studies about the toxicity of fluoride 
exposure.[30-32] Choi et al. stated that fluoride exposure may 
produce developmental neurotoxicity.[33]

Therefore, because of fear, an increasing number of people 
refuse to use fluoride toothpaste. Toothpaste containing 
xylitol could be an alternative. According to the present 
findings, the enamel microhardness was not statistically 
different after treatment with fluoride‑containing toothpaste 
versus fluoride‑free (xylitol containing) toothpaste.

This study has certain limitations. This was an in  vitro 
study and was unable to stimulate complex intraoral 
conditions that lead to caries development. Thus, the 
findings can be used to plan further clinical studies 
with larger sample sizes investigating the benefits of 
reducing pH of low‑fluoride toothpastes, especially those 
containing MFP, to decrease caries development. The pH in 
individuals’ oral environment varies, and it is dependent on 
the buffer capacity of their saliva. It would be interesting 
to investigate how the alterations in the pH of saliva could 
change the efficacy of toothpaste.
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