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Abstract: The aim of this in vitro study was to evaluate the effects of a single dose application of two 20 
daily toothpastes on enamel exposed to acid attack. The research was conducted on human molars 21 
enamel fragments (n=72). The two different toothpastes active ingredients were sodium fluoride 22 
(NaF) and stannous fluoride (SnF2). They were compared in protecting the surface of the enamel 23 
exposed to three acids: citric acid, lactic acid and hydrochloric acid. A spectrophotometer was used 24 
to measure the calcium ions and phosphate released in the solutions by the enamel specimens. 25 
Afterward, ionic concentrations were analyzed through the t-Student test, in order to estimate the 26 
significance level (p< 0.05) of the solubility differences obtained between the treatment and control 27 
groups. Finally, sample surfaces were analyzed with scanning electron microscopy and X-ray 28 
energy dispersive spectroscopy (SEM/EDX). The two analyzed toothpastes did not reveal any 29 
statistically significant variation in the release of calcium and phosphate (p>0.05). Nevertheless, 30 
acid-resistant deposits were detected in samples treated with stannous fluoride and exposed to 31 
lactic acid, though the presence of tin ion deposits on samples treated with stannous fluoride was 32 
not shown.  33 
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 35 

1. Introduction 36 

Dental erosion is defined as the result of a chronic, localized and irreversible pathological loss 37 
of hard tooth tissues and is caused by chemical-like processes, without the involvement of 38 
microorganisms [1]. The prevalence and incidence of dental erosion have increased steadily in recent 39 
years, involving about a third of the population of the western world [2] especially in the younger 40 
age groups and in the male population [3]. Soft drinks widely consumed among children and 41 
adolescents in Western and developing countries, are able to cause demineralization of large enamel 42 
areas, as demonstrated using scanning electron microscopy (SEM) [4-7]. Clearly, the erosion problem 43 
does not affect prosthetic teeth and dental implants [8,9] but could affect brackets retention  [10,11] 44 
and increase the incidence of white spot lesions in orthodontic patients [12].   45 
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Saliva buffer role may not be sufficient in neutralizing the acidic agents present in the oral cavity, 46 
though, it is necessary to adopt some preventive strategies to overcome the enamel erosion. This 47 
would have great effects in orthodontics with fixed appliance, improving the shear bond strength 48 
between the tooth and the brackets [13–16].  49 

Changing the patient's diet and applying a fluoride toothpaste are some solutions [17]. Although 50 
the sodium fluoride (NaF) is the main ingredient of caries preventing toothpaste, it has a limited 51 
effect in preventing erosion [18]. The true inhibitor of dental erosion is the stannous ion [2,19–21].  52 

Decalcification happens when the mouth pH makes calcium and phosphate ions leaving the 53 
enamel [22]: spectrophotometric analysis of the release of calcium and phosphate in solution has been 54 
used in the literature to evaluate the outcomes of acid attack of the hard tissues of the tooth and 55 
represents a reliable and reproducible analysis method [23].  56 

This study aims to quantitatively evaluate the effect of a stannous fluoride toothpaste in 57 
comparison with a traditional sodium fluoride-based toothpaste on the enamel exposed to acid 58 
attack. The null hypothesis is that a single application of sodium fluoride and stannous fluoride does 59 
not modify the release of calcium and phosphate in solution from enamel exposed to acid attack with 60 
citric, hydrochloric and lactic acid. 61 

2. Experimental Section 62 

Enamel fragments (n=72), with a weight of approximately 0.3 gr were used for this study. They 63 
were obtained with a diamond bur (Isomet, Buehler Ltd., Lake Bluff, IL, USA) from 36 caries-free 64 
human molars (patients age 18-25 years), extracted for orthodontic reasons. The study was conducted 65 
in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics 66 
Committee of IRCCS San Raffaele Scientific Institute, Milan, Italy ( 107/1NT/2017). 67 

2.1. Samples organisation 68 

All the fragments were immersed into a storage solution of double distilled water (Carlo Erba, 69 
Italy) with a modified pH value of 7.4 at 4°C, prior to their use. 70 

The specimens were organized in two groups of 36 pieces and the samples of each group were 71 
split in a case group (n=18) and a control group (n=18).  72 

Each case group (n=18) provided for teeth brushing for 2 min with an electric brush with 73 
pressure control (Oral-B Triumph, Procter & Gamble, Cincinnati, Ohio). The toothpaste dose was 74 
controlled (1g). Each control group (n=18) did not follow any kind of treatment.  75 

The two case groups tested two different commercial toothpastes, as follows: 76 
● Group A (n=18): AZ ProExpert® , Procter & Gamble, Cincinnati, Ohio with 1100 ppm SnF2 and 350 ppm 77 

NaF;  78 
● Group B (n=18): Colgate Total Original® , Colgate-Palmolive, New York, US with 1450 ppm NaF. 79 

After brushing, the cases specimens were rinsed with deionized water for 10 seconds and stored 80 
in artificial saliva (1.5 mmol/L CaCl2, 50 mmol/L KCl, 0.9 mmol/L KH2PO4 Tris, pH 7.4) at 37°C for 2 81 
hours.  82 

After storage, both the cases and controls specimens of each main group (n=36) were assigned 83 
to three subgroups (n=12) and immersed for 5 min in an acid solution. The three solutions contained 84 
respectively: citric acid (pH 1.78); hydrochloric acid (pH 2.15) and lactic acid (pH 2.3).  85 

These three acids were tested because they are recognized as the most frequent causes of erosion 86 
and demineralization of the enamel. 87 

2.2. Measurements 88 

The quantitative evaluation of enamel demineralization is carried out through the 89 
spectrophotometric measurement of calcium and phosphate ions released in the solution. 90 
Measurements were carried out by using a spectrophotometer (Perkin Elmer Lambda 25) with quartz 91 
cuvette and with Diagnostic Kit (Hagen Diagnostika) for calcium ions (cod. 001-0037) and for 92 
phosphate (cod. 001-0017). In order to normalize the data, the values of the obtained ionic 93 
concentrations were standardized to the weight of each single fragment (0.30g ± 0.02). 94 
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2.3. Statistical analysis 95 

To test the significance level of the solubility’s differences between the treatment and control 96 
groups on the outcome variables, the t-Student test was performed. In this way the calcium (Ca2+) 97 
and phosphate (PO43-) ions release was analyzed from the dissolution tests. The P-values reported as 98 

statistically significant was <0.05. The α threshold is set at 0.05. 99 

2.4. SEM/EDX analysis 100 

After the treatments, some samples were randomly subjected to graphite metallization for 101 
Scanning Electron Microscopy (SEM) with Energy Dispersive X-Ray Analysis (EDX). For this purpose 102 
the correct analytical strategy for the particular sample must be taken into consideration [24]. The 103 
SEM / EDX analyses were conducted by using both a SEM Jeol JSM 5400 equipped with 104 
IMAGESLAVE®  and an EDS IXRF system, and a SEM Philips XL 20 with EDS EDAX-DX-4. This 105 
analysis was performed to examine the enamel surface morphology, the presence of deposits on the 106 
enamel surface and their chemical composition. 107 

3. Results 108 

3.1. Enamel dissolution analysis 109 

All the results are reported in Tables 1, 2 and 3.  110 
Statistically significant differences were found in the group treated with NaF, between the case 111 

and the control groups (p<0.05). The untreated samples (controls) showed a low release of phosphate 112 
and calcium after immersion in hydrochloric and lactic acid solutions. 113 

No statistically significant differences were found between the means of the two examined 114 
toothpaste and between the cases and the controls groups (p>0.05).  115 

Table 1. Enamel samples in citric acid solution. 116 

Toothpaste  
Calcium 

(mg/dL) 

Phosphate 

(mg/dL) 

AZ 

ProExpert®  

Cases 0,69 ± 0,32 0,88 ± 0,19 

Controls 0,46 ± 0,28 0,77 ± 0,29 

t-test 0,559 0,742 

∆% release 50 14,29 

Colgate Total 

Original®  

Cases 0,07 ± 0,09 0,81 ± 0,15 

Controls 0,19 ± 0,07 0,77 ± 0,21 

t-test 0,470 0,705 

∆% release -63,16 5,19 

 ∆%: release difference expressed as a percentage; AZ ProExpert®: toothpaste with stannous fluoride 117 
(SnF2); Colgate Total Original® : toothpaste with sodium fluoride (NaF). 118 

Table 2. Enamel samples in hydrochloric acid solution. 119 

Toothpaste  
Calcium 

(mg/dL) 

Phosphate 

(mg/dL) 

AZ 

ProExpert®  

Cases 0,81 ± 0,23 0,40 ± 0,16 

Controls 0,89 ± 0,21 0,37 ± 0,13 

t-test 0,384 0,561 

∆% release -8,99 8,1 



J. Clin. Med. 2020, 9, x FOR PEER REVIEW 4 of 8 

 

Colgate Total 

Original®  

Cases 0,98 ± 0,09 0,59 ± 0,15 

Controls 0,91 ± 0,13 0,48 ± 0,08 

t-test 0,417 0,045 

∆% release 7,69 18,64 

 ∆%: release difference expressed as a percentage; AZ ProExpert®: toothpaste with stannous fluoride 120 
(SnF2); Colgate Total Original® : toothpaste with sodium fluoride (NaF). 121 

Table 3. Enamel samples in lactic acid solution. 122 

Toothpaste  
Calcium 

(mg/dL) 

Phosphate 

(mg/dL) 

AZ 

ProExpert®  

Cases 0,73 ± 0,37 1,10 ± 0,99 

Controls 0,74 ± 0,21 0,45 ± 0,12 

t-test 0,699 0,184 

∆% release -1,35 144,44 

Colgate Total 

Original®  

Cases 0,81 ± 0,23 0,81 ± 0,15 

Controls 0,89 ± 0,21 0,77 ± 0,21 

t-test 0,384 0,561 

∆% release -8,99 8,1 

 ∆%: release difference expressed as a percentage; AZ ProExpert®: toothpaste with stannous fluoride 123 
(SnF2); Colgate Total Original® : toothpaste with sodium fluoride (NaF). 124 

3.2. SEM/EDX analysis 125 

The SEM analysis of samples was performed for both treated and untreated cases, as showed by 126 
Figures 1, 2 and 3. 127 

The control groups presented major extension of the demineralization areas, major surface 128 
roughness and major loss of mineral substance in comparison to the samples treated with stannous 129 
or sodium fluoride. 130 

The samples brushed with sodium fluoride showed areas free from demineralization, 131 
independently form the acid solution type. 132 

The enamel brushed with stannous fluoride and exposed to lactic acid showed the presence of a 133 
layer of acid-resistant deposits.  134 

According with the EDX microanalysis, calcium and phosphate ions were released by the 135 
samples treated with topical fluoride application. Their release could be due to superficial and sub-136 
surface precipitates. Tin ion in the deposits of samples treated with stannous fluoride were not 137 
detected. 138 
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Figure 1. SEM pictures (800x, marker 100 μm) of enamel exposed to Citric acid for 5 minutes: (a) 139 
enamel brushed with AZ ProExpert®  toothpaste; (b) untreated controls; (c) enamel treated with 140 
Colgate Total Original®  toothpaste; (d) untreated controls. 141 

 

 

Figure 2. SEM pictures (800x, marker 100 μm) of enamel exposed to Hydrochloric acid for 5 minutes: 142 
(a) enamel brushed with AZ ProExpert®  toothpaste; (b) untreated controls; (c) enamel treated with 143 
Colgate Total Original®  toothpaste; (d) untreated controls. 144 

 

 

Figure 3. SEM pictures ((800x, marker 100 μm) of enamel exposed to Lactic acid for 5 minutes: (a) 145 
enamel brushed with AZ ProExpert®  toothpaste; (b) untreated controls; (c) enamel treated with 146 
Colgate Total Original®  toothpaste; (d) untreated controls. 147 

4. Discussion 148 

Dental erosion has a multifactorial etiology, the main factors are a poor oral hygiene or an 149 
inadequate hygienic technique, a diet rich in carbohydrates or a frequent intake of soft drinks and 150 
some factors linked to systemic diseases. All these elements can expose the dental enamel to acid 151 
attacks [25–27] and increased dental permeability [28,29]. 152 

This study examined the citric acid, because of its presence in many drinks and wide use in food; 153 
the lactic acid, because of its involvement in the carious pathogenesis process and the hydrochloric 154 
acid because it is the most important component of gastric juices and it could be present in the oral 155 
cavity in conditions of vomiting or reflux [30].  156 

Sodium fluoride-based toothpastes are the most widely used prevention tool for these acid 157 
exposure [17]. The present experimentation aimed to evaluate the effects of a single dose application 158 
of a new toothpaste with stannous fluoride on enamel exposed to acid solutions, in comparison with 159 
a sodium fluoride based one. Sodium fluoride and stannous fluoride act in a different way: the former 160 
operates more effectively as a result of the acid attack; the latter has an optimal action if applied 161 
before the erosive challenge. This means that the sodium fluoride has an optimal action during the 162 
first erosive attacks, while the stannous fluoride is more effective following repeated acid attacks and 163 
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therefore, it is more suitable to inhibit enamel erosion in patients exposed to multiple erosive attacks 164 
[18]. The stannous fluoride is reported to offer protection against acid attacks due to the deposition 165 
of a barrier containing tin fluorophosphate and its effect is active also at a 2.2 pH [21]. 166 

The spectrophotometric analyses performed in this study showed no statistically significant 167 
variations in the release of calcium and phosphate neither between the two toothpastes neither 168 
between the cases and the controls groups (p>0.05). Though, the null hypothesis could not be rejected.  169 

A single dose application of a daily toothpaste fluoride-based appears to not be able to protect 170 
enamel against acid attack in in vitro conditions.  171 

However, the SEM morphological evaluation showed differences between the treated samples’ 172 
enamel surfaces and the controls’ samples enamel surfaces. The demineralized area extension, the 173 
surface roughness and the loss of mineral substance were reduced in samples treated with both 174 
fluoride-based toothpastes. The difference was that some specimens treated with the stannous 175 
fluoride-based toothpaste presented a deposited surface layer which could protect by acid attack. All 176 
the samples treated with the sodium fluoride-based toothpaste, on the contrary, did not show a 177 
superficial deposit, even though they also had some areas protected by demineralization.  178 

The absence of tin ion release in samples treated with stannous fluoride was detected with the 179 
EDX microanalysis. This can be attributed to the low concentration of the ion in the toothpaste and 180 
to the experimental protocol. The rinsing of the samples and the prolonged storing in artificial saliva, 181 
in fact, could be involved in the early release in solution. 182 

4.1. Limits of the Study 183 

The samples storage in artificial saliva can simulate the oral environment only partially, though 184 
an in vivo study would be more reliable. Furthermore, the current investigation analyzed only the 185 
effects of a single brief acid attack simulation. 186 

Following the results of the study and in particular the SEM/EDX analysis, it would be desirable 187 
to carry out further investigations about the protective effects of fluoride-based toothpastes, after 188 
multiple fluoride applications and repeated acid attack in oral cavity conditions. 189 

5. Conclusions 190 

A single topical application of sodium fluoride-based and stannous fluoride-based toothpastes 191 
after different acids attack, in simulated oral cavity conditions, does not reveal a significant effect in 192 
preventing enamel demineralization. Although, the application of stannous fluoride-based 193 
toothpaste seems to create an acid-resistant deposits that could prevent demineralization. 194 
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