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Abstract
Objective To compare the protective effect of commercial stannous-containing mouth rinses on enamel erosion in a simu-
lated 5-day in vitro cycling model.
Materials and methods 81 human enamel specimens were embedded in resin blocks and divided into nine groups as follows; 
group 1: stannous fluoride  (1000SnF2) toothpaste; groups 2,3, and 4 were the same as group 1 plus Elmex®, PerioMed™, 
and Meridol®, respectively, group 5: stannous fluoride  (1450SnF2) toothpaste, groups 6, 7, and 8 were the same as group 5 
plus Elmex®, PerioMed™, and Meridol®, respectively, group 9: negative control. An erosive challenge was induced with a 
1 min hydrochloric acid (0.01 M, pH 2.2) treatment 3 times per day. Each cycle included immersing in the toothpaste slurry 
twice for two minutes and a one-minute rinse. The enamel slabs were immersed in artificial saliva between each erosive cycle 
and incubated overnight at 37 °C. Surface hardness loss and enamel loss were determined by Knoop surface hardness and 
non-contact profilometry, respectively. Finally, enamel surfaces were analyzed by scanning electron microscopy and X-ray 
energy dispersive spectroscopy (SEM/EDS).
Results All three mouth rinses had similar protective effects against erosion when using adjunct with 1000  SnF2 toothpaste 
(p > 0.05). With 1450  SnF2 toothpaste, Elmex® presented significantly lower surface hardness loss than Meridol® (p < 0.05). 
The combined use of Elmex® or PerioMed™ with toothpaste provided significantly better erosion protection than toothpaste 
alone, either 1000 or 1450  SnF2. In addition,  1000SnF2 toothpaste adjunct with mouth rinse is comparable to 1450  SnF2 
toothpaste alone in preventing enamel erosion.
Conclusion All three mouth rinses reduced enamel erosion. The additional use of a high concentration stannous containing 
mouth rinse with 1450  SnF2 toothpaste increases the protective effect against enamel erosion in vitro.
Clinical significance To date, no standard protocol for preventing dental erosion is available. There are three stannous-
containing mouth rinses on the market; however, no study compared their efficacy or indicated whether using adjuncts 
with anti-erosion toothpaste provides additional benefits. This study found that adding stannous mouth rinse to twice-daily 
toothpaste increases erosion protection.
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Introduction

Dental erosion is an irreversible loss of tooth substance, 
which can be caused by a chemical reaction of nonbac-
terial acids. These acids may be of extrinsic or intrinsic 
origins [1]. The intrinsic cause is mainly gastric acid or 

hydrochloric acid, which is produced by the parietal cells 
in the stomach and has a pH of 1–1.5 [2, 3]. This acid may 
contact the teeth during vomiting, regurgitation, reflux, or 
psychosomatic disorder such as stress-induced vomiting, 
anorexia, and bulimia nervosa. Among intrinsic factors, 
gastroesophageal reflux disease (GERD) is the most com-
mon cause of dental erosion [4–8]. According to a system-
atic review in 2018, the prevalence of dental erosion ranged 
from 10.6% to 42%, with a median value of 25.5%. Individ-
uals diagnosed with GERD had a higher mean prevalence 
of dental erosion, which was found to be 48.81%, compared 
to those without GERD [9].
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When enamel erosion occurs at an early stage, the 
enamel will lose its mineral content, causing enamel sof-
tening [10]. The softened enamel, which has a lower resist-
ance to physical force, is easily worn off by mechanical 
force. Consequently, loss of enamel structure will develop 
later in the erosion process [10–12]. Dental erosion may 
cause several clinical problems, such as dentin hypersen-
sitivity and poor esthetic. A severe form of dental erosion 
can result in a shortening of teeth and a loss of vertical 
dimension of occlusion [6, 9]. Several factors are known 
to contribute to dental erosion, particularly certain eat-
ing and drinking habits [6, 13]. Excessive consumption 
of acidic foods or drinks, as well as holding or swishing 
citrus fruits or soft drinks in the mouth before swallowing, 
can increase the risk of dental erosion [14, 15]. The best 
way to prevent dental erosion is to minimize acid expo-
sure. Thus, the main strategy for controlling and reducing 
dental erosion is educating individuals on healthy habits 
and raising awareness about modifying their diet or behav-
iors contributing to erosion [6, 13, 16]. Local preventive 
measures are also crucial, especially when dental ero-
sion is severe and associated with a health issue that may 
require long-term medical treatment [6, 13, 15, 17, 18].

One of the strategies to prevent dental erosion is the use of 
topical fluorides in a form that can be applied by the patient 
themselves [17, 18]. Tooth brushing with fluoride-containing 
toothpaste twice daily is generally recommended as routine 
oral health care [19]. Additionally, mouth rinse is a com-
mon and easily accessible product that can be used daily for 
oral hygiene. For patients with more severe conditions, the 
use of mouth rinse can be proposed as an extra strategy to 
enhance the effectiveness of fluoride toothpaste in preventing 
dental erosion. Among the large number of commercially 
available fluoride-containing products, fluoride solution con-
taining stannous has been considered the better option for 
controlling tooth erosion when compared to other fluoride 
solutions [12, 20–24]. In vitro studies have demonstrated the 
protective effect of  SnF2 solutions against enamel erosion, 
either alone [15] or combined with other fluoride solutions 
such as AmF and NaF [23, 25]. The mechanism of action of 
stannous is based on the formation of a layer rich with acid 
resistant precipitates [26, 27].

There are now three commercially marketed mouth 
rinses that contain stannous: Elmex®, PerioMed™, and 
Meridol®. Stannous and fluoride are the two active com-
ponents of the three mouth rinses. Despite having varying 
ion concentrations and Sn:F ratios, these mouth rinses have 
demonstrated protective effects against tooth erosion[20–22, 
24, 25, 28–36]. Surprisingly, no research has been per-
formed in which the effect of these three mouth rinses on 
human enamel erosion was compared. Therefore, the pre-
sent study aimed to compare the effect of three marketed 

stannous-containing mouth rinses on the prevention of ero-
sion when used in combination with stannous-containing 
toothpaste.

Materials and methods

Specimen preparation

The study protocol was approved by the Ethics Committee 
(Reference number HREC-DCU 2020–120) and the Insti-
tutional Biosafety Committee (DENT CU-IBC 009/2021), 
of the Faculty of Dentistry, Chulalongkorn University, Thai-
land. Human permanent molar teeth extracted following 
an individual treatment plan were used in this study. The 
extracted teeth were stored in 0.1% thymol solution before 
preparation. The buccal and/or lingual surfaces of the teeth 
were inspected with a stereomicroscope (SZ 61, OLYMPUS, 
Japan) at 30 × magnification. Teeth included in this study 
were free of caries, white spot lesions, hypoplasia, restora-
tions, cracks, and other enamel defects. The natural surfaces 
were sequentially ground flat using a polishing machine 
(MINITECH 233, PRESI, France) with 600 and 800 silicon 
carbide abrasive paper until an experimental area of approxi-
mately 3 × 3 mm was achieved. A slow-speed cutting machine 
(ISOMET1000™, USA) was used to section the teeth into 
3 × 3x2 mm blocks. These enamel samples were mounted in 
acrylic resin and polished with 1000 and 1200 silicon car-
bide abrasive papers and fine polished with aluminum oxide 
powder. Next, the enamel slabs were cleaned in an ultrasonic 
bath with deionized water (DI) for 3 min.

To serve as the reference area for profilometric measurement, 
the right and left outer parts of each specimen were covered with 
UPVC tape (Scotch® tape 600). The exposed area 1 × 3 mm in 
the center of each specimen was subjected to the treatment as 
shown in Fig. 1. Before starting scanning, the treated surfaces 
were checked under a microscope for possible tape leakage. If 
leakage was detected, the samples were excluded. Prior to the 
experiment, all specimens were examined for baseline surface 
hardness values by placing 5 indentations, 100 µm apart from 
each other, using a Knoop hardness tester with a load of 50 g 
and a dwell time of 5 s (FM-810, FUTURE-TECH, Japan) [37].

Eighty-one enamel specimens with a mean hardness 
of 305.22 ± 18.21 KHN were selected and assigned into 
9 groups using block randomization: group 1 =  1000SnF2 
toothpaste  (1000SnF2) + deionized water (DI); group 
2 =  1000SnF2 + Elmex®; group 3 =  1000SnF2 + PerioMed™; 
group 4 =  1000SnF2 + Meridol®; group 5 =  1450SnF2 tooth-
paste  (1450SnF2) + DI; group 6 =  1450SnF2 + Elmex®; group 
7 =  1450SnF2 + PerioMed™; group 8 =  1450SnF2 + Meridol®; 
and group 9 = non F toothpaste + DI (negative control). Details 
of all products are presented in Table 1.
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Experimental procedure

The experiment was a cyclic procedure over a 5-day period. 
To form the pellicle, all specimens were immersed in arti-
ficial saliva (1.45 mM Ca; 5.4 mM PO4; 0.1 M Tris buffer; 
and 2.2 g/L porcine gastric mucin, pH 7.0) [38, 39] for 18 h 
before the onset of the experimental procedure. Each day, 
enamel specimens were subjected to three erosive hydro-
chloric acid challenges that simulated gastric reflux episodes. 
The specimens were immersed in 0.01 M hydrochloric acid 
solution (5 ml per sample) for 1 min each time. During the 
treatment phase, the specimens received three daily treat-
ments that mimicked the routine of brushing twice a day and 
rinsing once, separately. For brushing, the specimens were 
immersed in toothpaste slurries for 2 min. The toothpaste 
slurries were prepared by mixing 1 part of the toothpaste with 
3 parts of deionized water by weight. For rinsing, the speci-
mens were immersed in mouth rinse for 1 min once a day. To 
avoid a potential effect associated with an abrasive process of 

tooth brushing, the specimen was treated with toothpaste in 
a slurry form without any brushing force applied. The pH of 
the mouth rinse and toothpaste slurries was measured using 
a pH electrode. Between each immersion, the specimens 
were washed in DI water (pH = 6.9) for 30 s. At the end of 
each experimental day, the specimen's surface was assessed 
and immersed in artificial saliva overnight. All procedures 
were performed under agitation at 100 rpm and 37 °C. Fig-
ure 2 summarizes the study design.

Measurement of enamel surface microhardness

To ensure blindness of the study, each block was assigned a 
random number, and the person who analyzed the blocks was 
unaware of the treatment. After each experimental day, five 
new indentations (50-g load for 5 s) were made 100 µm apart 
from the previous indentations. The surface hardness loss was 
calculated for each day using the following equation:

surface hardness loss = surface hardness baseline − surface hardness af ter treatment

Fig. 1  An illustration of the 
experimental area on the surface 
of the specimen
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Table 1  Descriptive of toothpaste and mouth rinse products tested

Superscript letters indicate manufacturer, city, and country:
a GlaxoSmithKline, Taiwan; b GlaxoSmithKline, Thailand; c Kindee Kiddee Kids Co., Ltd., Thailand; d GABA International AG, Therwil, Swit-
zerland; e 3 M ESPE, Minnesota, US
* pH measurement of the slurries (1 part of the product with 3 parts of deionized water; w/w)
** pH was measured in solution

Product Symbol Ingredients Active Agents pH

Sensodyne rapid  reliefa 1450SnF2 Glycerin, PEG-8, Hydrated 
Silica, Pentasodium Triphos-
phate, Aroma, Sodium 
Lauryl Sulfate, Titanium 
Dioxide, Carbomer, Stannous 
Fluoride, Cocamidopropyl 
Betaine, Sodium Saccharin, 
Sodium Fluoride, Limonene

Stannous content:
not declared
Fluoride content:
1450 ppm  F−

(1100 ppm as  SnF2, 350 as NaF)

6.7*

Sensodyne rapid  actionb 1000SnF2 Glycerin, PEG-8, Hydrated 
Silica, Pentasodium Triphos-
phate, Aroma, Sodium 
Lauryl Sulfate, Titanium 
Dioxide, Carbomer, Stannous 
Fluoride, Cocamidopropyl 
Betaine, Sodium Saccharin, 
Limonene

Stannous content:
not declared
Fluoride content:
F− 1040 ppm  F− as  SnF2

6.7*

Kindee Oral Gel Organic: Fluoride 
 Freec

non F Aqua, Sorbitol, Acrylate/C10-
30 Alkyl Acrylate Crosspoly-
mer, Xylitol, Propanediol, 
Cellulose Gum, Sodium 
Benzoate, Xanthan, Gum, 
Sodium Lauroyl Sarcosinate, 
Flavor, PEG-40, Hydrogenate 
Castor Oil, Sodium Sac-
charin, Potassium Sorbate, 
Disodium EDTA, Glycerin, 
Calcium Phosphoryl Oligo-
saccharides, Fragaria versa 
(Strawberry), Fruit Extract, 
Aloe Bardadensis (Aloe 
vera), Leaf Juice, Phenox-
yethanol, CI 14700

- 6.4*

Elmex® EROSION PROTECTION 
dental  rinsed

Elmex® Aqua, Glycerin, Sodium 
Gluconate, PEG-40, Hydro-
genated Castor Oil, Olaflur, 
Aroma, Stannous Chloride, 
Sodium Fluoride, Cocami-
dopropyl Betaine, Sodium 
Saccharin

Stannous content:
800 ppm  Sn2+ as  SnCl2
Fluoride content:
500 ppm  F−

(125 ppm  F− as AmF,
375 ppm  F− as NaF)

4.2**

PerioMed™ 0.63% Stannous Fluoride 
Oral  Rinsee

PerioMed™ Stannous Fluoride, Flavor, 
Glycerin, Methyl Paraben, 
Propyl Paraben, Sodium 
Saccharin

Stannous content:
750 ppm  Sn2+ as  SnF2
Fluoride content:
380 ppm
F− as  SnF2

3.2**

Meridol®  mouthwashd Meridol® Aqua, Xylitol, PVP, PEG-40 
Hydrogenated, Castor Oil, 
Olaflur, Aroma, Stannous 
Fluoride, Sodium Saccharin, 
CI42051

Stannous content:
409 ppm  Sn2+ as  SnF2
Fluoride content:
250 ppm  F−

(125 ppm  F− as AmF, 125 ppm  F− as  SnF2)

3.5**
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Measurement of enamel surface loss

At the end of the first, third, and fifth experimental 
days, the UPVC tape was carefully removed. There 
were 2 marker points on the block that were aligned 
vertically above and below the specimens. This allowed 
for replacement of the protective film in the exact same 
position. This process was carried out using a micro-
scope with 4X magnification. The slabs were then 
scanned with a non-contact profilometer (Infinite Focus 
SL, Alicona, Austria). The profilometry evaluation was 
done linearly, and the measurement started from the 
sound enamel to the eroded area and then to the sound 
enamel on the other side.

Comparing the experimental area to the reference area 
on both sides indicated enamel surface loss (µm). The 

enamel surface loss (µm) for each slab was determined by 
averaging three measurements.

Surface topography and elemental analysis

At the end of the experimental period, 3 samples from 
each group were randomly selected. The stannous (Sn) 
and fluoride (F) contents in weight percent (wt%) on the 
sample surface were determined using X-ray energy 
dispersive spectroscopy (EDS) (Quanta250, FEI, USA). 
After the EDS analysis, the samples were then coated with 
gold. The samples were analyzed in a scanning electron 
microscope (SEM) (Quanta250, FEI, USA). SEM images 
of enamel surfaces were taken at 3000x, 5000x, and 
10,000 × magnifications.

Fig. 2  Flowchart of erosive 
cycling
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Statistical analysis

The mean and standard deviation (SD) of surface 
hardness loss and enamel surface loss was calculated. 
Shapiro–Wilk test and Levene’s test were performed to check 
the assumption of normal distribution and the equality of 
variances of the data, respectively. Two-way mixed ANOVA 
was performed to analyze the influence of treatment and 
the number of experimental days. A one-way ANOVA with 
repeated measures was conducted in all groups to compare 

the data among experimental days within each treatment 
group. The data in groups 1, 2, and 7 were not normally 
distributed, and therefore the Friedman test was employed 
for these groups.

To compare microhardness and surface loss among the 
different treatment groups, a one-way ANOVA with the Least 
Significant Difference (LSD) test was performed. SPSS Sta-
tistic (version 28) was used to analyze all the data, and the 
level of significance was set to 0.05.

Fig. 3  Knoop microhardness 
change in  1000SnF2 toothpaste 
groups and  1450SnF2 toothpaste 
alone, after 5 days of erosive 
cycling

Fig. 4  Enamel surface loss (µm) 
in  1000SnF2 toothpaste groups 
and  1450SnF2 toothpaste alone, 
after 5 days of erosive cycling
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Results

The effects of 1000 ppm stannous fluoride 
toothpaste combined with stannous mouth rinses 
on enamel erosion

For both Knoop microhardness data and profilometric 
analysis, two-way mixed ANOVA revealed a signifi-
cant difference among the tested groups, as well as the 

duration of erosive challenges represented by the number 
of experimental days. However, their interaction was not 
significant. Surface microhardness change demonstrated 
that the  1000SnF2 combined with mouth rinses and the 
 1000SnF2 alone did not significantly differ from each 
other but were all significantly different from the nega-
tive control group (Fig. 3).

Profilometry data revealed that the  1000SnF2 + Elmex® 
and  1000SnF2 + PerioMed™ groups provided more pro-
tection against enamel surface erosion than the  1000SnF2 

Fig. 5  Knoop microhardness 
change in  1450SnF2 toothpaste 
groups, after 5 days of erosive 
cycling

Fig. 6  Enamel surface loss (µm) 
in  1450SnF2 toothpaste groups, 
after 5 days of erosive cycling
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group (p 0.05). However,  1000SnF2 combined with mouth 
rinses had no more significant protective effect against 
enamel surface loss, when compared to  1450SnF2 alone 
(Fig. 4).

The effect of 1450 ppm stannous fluoridated 
toothpaste combined with stannous mouth rinses 
on enamel erosion

After 5 days of cycling,  1450SnF2 + Elmex® had the low-
est microhardness change and was the only group that 
performed significantly better than the  1450SnF2 + DI 
group (Fig.  5). According to profilometry data, the 
three mouth rinse groups showed no significant differ-
ence in protection against enamel surface loss. Only the 
 1450SnF2 + elmex® and  1450SnF2 + periomed™, how-
ever, were significantly more effective in preventing 
enamel surface loss than 1450SnF2 alone (p < 0.05). In 
addition,  1450SnF2 + Elmex® showed less enamel sur-
face loss than the  1450SnF2 + DI group on days 3 and 5. 
(Fig. 6).

SEM and EDS analysis of the eroded enamel surfaces

SEM images from each group showed different degrees of 
enamel erosion. The enamel surface of the negative control 
group (Fig. 7A) exhibited a distinctive etching pattern with 
honeycomb-like surface topography. The  1000SnF2 group 
(Fig. 7B) also had a honeycomb surface topography, but 
the enamel was less eroded. The surface topography of the 
 1000SnF2 toothpaste combined with mouth rinses (Figs. 7C-
7E) revealed a similar level of enamel erosion. The etch-
ing pattern was rarely seen on the surface of  1450SnF2 
groups, with or without mouth rinse (Figs. 7F-7I). A dis-
tinct continuous surface was seen on specimens treated with 
 1450SnF2 + Elmex® and  1450SnF2 PerioMed™ (Figs. 7G-
7H). According to EDS analysis, Sn was rarely detected on 
EDS samples of  SnF2 toothpaste alone. Even though the 
sample treated with stannous mouth rinses deposited higher 
Sn in all groups, only toothpaste with PerioMed™ demon-
strated a statistically significant difference. Detailed results 
for all groups are shown in Table 2.

Discussion

In the present study, we found that twice-daily treatment of 
human enamel specimens with stannous fluoride toothpaste 
and once a day with stannous fluoride mouth rinses provided 
an apparent protective effect against repeated hydrochlo-
ric acid erosion. Although a slightly additional protective 
effect was shown when mouth rinse was used together with 
toothpaste twice daily, it should be kept in mind that the 

toothpaste used in this study was stannous fluoride-contain-
ing toothpaste which has an anti-erosion effect as well. This 
is unlike toothpaste containing sodium fluoride or sodium 
monofluorophosphate, which is more widely used but less 
effective in preventing erosion than toothpaste containing 
stannous fluoride.

Interestingly, our data indicate that  1000SnF2 tooth-
paste combined with stannous mouth rinse exhibited a 
similar anti-erosion against HCl as  1450SnF2 toothpaste 
alone. This result could be used to recommend brushing 
with  1450SnF2 toothpaste twice daily without the use of a 
mouth rinse for individuals such as children or adults who 
cannot control their swallowing, for example. If the patient 
uses a  1000SnF2 toothpaste or if a  1450SnF2 toothpaste 
is unavailable, the additional use of stannous-containing 
mouth rinse once a day may be appropriate for these con-
ditions. It is worth noting that including mouth rinse as 
part of oral hygiene practice involves extra costs and an 
additional step in the daily routine. Therefore, its use may 
not be necessary for everyone. It should be recommended 
for patients with severe conditions or those at high risk 
for dental erosion.

Although all stannous-treated samples in our study dem-
onstrated a preventative effect on enamel erosion, the EDS 
detected the rare absence of stannous ion release in samples 
treated with both stannous fluoride toothpaste. These can be 
attributed to the complex excipient compositions in tooth-
paste, such as stabilizers, thickeners, detergents, and abrasives 
such as silica, by which the stannous ion can be adsorbed, 
reducing the availability of stannous ions, as opposed to stan-
nous mouth rinses, which do not contain silica and could act 
as a large reservoir of stannous ions [40–43]. In addition, it 
should be noted that the groups receiving mouth rinses experi-
enced greater exposure to stannous compounds. Therefore, the 
frequency of daily application appears to be a crucial factor 
in achieving the desired outcome[20, 44]. The findings sug-
gest that a more intensive regimen could be more effective in 
addressing erosive challenges.

The mouth rinses used in this study have two stannous 
compounds, which were  SnF2 (PerioMed™, Meridol®) 
and  SnCl2 (Elmex®). Although mouth rinse contains dif-
ferent stannous compounds, there was still efficacy in ero-
sion prevention [45–47]. The efficacy of stannous fluoride 
solutions against enamel erosion, either alone or combined 
with other fluoride solutions such as AmF and NaF, has been 
proven in several studies [26, 48–50]. Stannous chloride is 
also beneficial in reducing tooth erosion [21, 51], especially 
when combined with other fluorides (AmF or NaF), which 
demonstrated a more anti-erosive effect than the used  SnCl2 
solution alone [21]. The use of stannous chloride as the 
stannous source and sodium/amine fluoride as the fluoride 
source allowed the efficacy of the solution to be optimized 
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Fig. 7  Representative scanning 
electron micrographs of the 
enamel samples collected after 
completion of the experiment. 
(A): nonF toothpaste + DI 
water group; (B): 1000 ppm 
 SnF2 toothpaste + DI water 
group; (C): 1000 ppm  SnF2 
toothpaste + Elmex® group; 
(D): 1000 ppm  SnF2 tooth-
paste + PerioMed™ group; 
(E): 1000 ppm  SnF2 tooth-
paste + Meridol® group; (F): 
1450 ppm  SnF2 toothpaste + DI 
water group; (G): 1450 ppm 
 SnF2 toothpaste + Elmer® 
group; (H): 1450 ppm  SnF2 
toothpaste + PerioMed™ group; 
(I): 1000 ppm  SnF2 tooth-
paste + Meridol® group
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by arranging the most effective ratio between fluoride and 
tin, independent of the other components [52].

Our findings demonstrated that, when used in combination 
with 1450  SnF2 toothpaste, Elmex®, and PerioMed™ had a 
promising preventive effect compared to Meridol®. The dif-
ference in anti-erosion efficacy of stannous-containing mouth 
rinses was probably related to a variety of factors, including 
mouth rinse pH [21], stannous compound efficacy[21], stan-
nous and fluoride concentration [25], and the Sn/F ratio [53].

Regarding concentrations of stannous and fluoride, an 
in vitro study investigated the effect of various stannous 
concentrations, but a constant fluoride concentration, on 
enamel loss revealed a dose–response relationship between 
the stannous concentration and the protection against enamel 
loss [25]. A similar outcome was confirmed by an in-situ trial 
[54]. This could explain why Meridol®, the solution with 
the lowest concentration of  Sn2+, provides the least erosion 
prevention in our study. Elmex® and PerioMed™ solutions 
with higher  Sn2+ concentrations provided more protection. 
Even though Elmex® had approximately half the fluoride 
concentration of PerioMed™, no significant difference 
was found in erosion protection between the two groups. 
This suggests that rather than fluoride ion concentrations, 
the difference in erosive prevention between Elmex®, 
PerioMed™, and Meridol® may be due to variations in 
stannous ion concentrations.

From EDS analysis, PerioMed™ showed a higher amount 
of Sn deposited on the sample surface than other groups. 
However, there was no distinct difference in their ability to 
protect surface microhardness and enamel loss. This could 
imply that, whereas tin deposition is relatively resistant to 
acids, the effectiveness of stannous-containing products in 
preventing enamel erosion is not solely due to the surface 
deposition of Sn. Recent reports suggest that the concentra-
tion of stannous solution can affect the amount of stannous 
incorporated into the enamel beneath the surface [52]. Fur-
thermore, the reaction between stannous and hydroxyapatite 

can result in different stannous compounds being formed [55], 
which may affect the efficacy of stannous products. Therefore, 
further research is necessary to fully understand this point.

According to our findings, the 1450  SnF2 toothpaste 
combined with either Elmex® or PerioMed™ mouth rinse 
demonstrated the strongest anti-erosion effect. If our find-
ings are confirmed in a clinical trial, using stannous fluo-
ride toothpaste (1450 ppm) twice a day, in combination with 
Elmex® or PerioMed™ once a day, should be advised for 
adults and children above the age of 12 years at high risk of 
tooth erosion. Although Meridol®, with less stannous ions, 
has less anti-erosion effect than Elmex® and PerioMed™, it 
is probably a suitable choice for children over 6 years old or 
those who are sensitive to the astringent properties of stan-
nous. However, according to the manufacturer's instructions, 
Elmex® and Meridol® can be used immediately, while Peri-
oMed™ must be mixed prior to use. So, this factor may 
influence a patient's compliance.

The limitation of this in vitro study is that we did not use 
mouth rinse exactly according to the manufacturer’s instruc-
tions (rinse 10 ml. for 30 s for Elmex ® and Meridol ®; rinse 
approximately 15 ml. for 1 min twice times for PerioMed™). 
The outcome of this in vitro study is based on a one-minute 
mouth rinse duration for all mouth rinses. Moreover, the 
result must be interpreted with caution because the dissolu-
tion behavior of the surface might be influenced by the pres-
ence of pellicles and saliva under in situ/ in vivo conditions. 
We used polished enamel to achieve a flat surface, which is 
needed for reliable Knoop surface hardness and profilometry 
testing. The surface layer, which contains a higher concen-
tration of fluoride and phosphate, was removed, and is more 
prone to erosion than natural enamel. Therefore, this in vitro 
study may reveal a more aggressive scenario than occurring 
in the in vivo situation. Future research should examine the 
interaction of these products with biological factors, particu-
larly saliva, by conducting an in-situ study or clinical trial.

Table 2  Elemental content 
(%wt) on surfaces after 5 days 
of the experiment

Different letters denote statistically significant differences among the groups (p < 0.05)

Elemental content (%wt)
mean ± s.d

Group (n = 3) Sn F Ca P

Non F toothpaste 0.00 ± 0.0 a 0.00 ± 0.0a 68.88 ± 0.3 31.12 ± 0.3
1000SnF2 + DI 0.04 ± 0.0 a,c 1.44 ± 0.3b 67.67 ± 0.1 30.86 ± 0.9
1000SnF2 + Elmex® 1.32 ± 0.5 a,c 1.52 ± 0.7b 68.22 ± 2.7 28.90 ± 2.3
1000SnF2 + Periomed™ 3.60 ± 1.6 b 1.47 ± 0.2b 65.03 ± 2.0 29.08 ± 1.2
1000SnF2 + Meridol® 0.77 ± 0.3 a,c 1.44 ± 0.2b 67.81 ± 0.7 29.99 ± 0.4
1450SnF2 + DI 0.05 ± 0.1 a,c 1.48 ± 0.3b 68.22 ± 1.2 30.25 ± 1.0
1450SnF2 + Elmex® 1.44 ± 0.3 c 1.63 ± 0.3b 66.49 ± 0.6 30.53 ± 0.3
1450SnF2 + Periomed™ 3.94 ± 1.8 b 1.30 ± 0.4b 65.03 ± 1.9 29.64 ± 0.6
1450SnF2 + Meridol® 1.27 ± 0.5 a,c 1.54 ± 0.4b 67.73 ± 2.6 29.46 ± 2.3
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Conclusion

In conclusion, under the used laboratory conditions, no sta-
tistically significant difference was found between the three 
mouth rinses. However, Elmex® and PerioMed™ provided 
better enamel protection against erosion than Meridol®. 
Although the stannous fluoride toothpaste (either  1450SnF2 
or  1000SnF2) alone can reduce enamel erosion, the addi-
tional use of stannous mouth rinse proved to be a more effec-
tive anti-erosion measure.
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