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Scanning electron microscopic observation  
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by Fluorostom on enamel surface 
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Abstract 
In this in vitro study, examination of the morphological changes of enamel surface after topical application of a sodium fluoride solution was 
performed. Validation of the Fluorostom effectiveness became possible, after 10 years of using for the caries prevention national program. 
Materials and Methods: Sound human enamel sections, ware treated with a 0.05% sodium fluoride solution. Demineralization areas were 
created with 37% phosphoric acid etching gel for 60 seconds. The demineralization areas were immersed in 100 mL of sodium fluoride 
solution, twice daily for 30 days. Surface examination was performed at scanning electron microscope and energy dispersion 
spectrometry. Results: Morphological appearance of fluoride deposits on the enamel surface revealed the presence of globular 
precipitates. EDX qualitative analysis revealed the presence of fluoride signals. Conclusions: Globular structures of amorphous CaF2 
precipitates, which act as a fluoride reservoir, were observed on the enamel surface after action of Fluorostom, and it can be 
recommended to prevent and control tooth decay. 
Keywords: sodium fluoride, enamel, SEM/EDX. 

 Introduction 

Use of fluoridated solutions has achieved a 
significant level of popularity among the public due to 
the health care programs, particularly those involving 
school-age children. 

Topical applications of fluoridated products have 
demonstrated effectiveness in preventing and controlling 
dental caries [1, 2]. 

The World Health Organization recommends the use 
of fluoridated solutions as alternative caries prevention 
and treatment method, which has an impact on  
public health. Fluoride concentration of these solutions  
varies between 0.5% and 0.2% F-, depending on the 
recommendation for a daily or weekly use [3]. 

Ripa LW et al. emphasized that the weekly use of 
mouth rinses with a neutral 0.2% sodium fluoride 
solution reduced the prevalence of caries in school-
children by 50%, after five years of studies [2]. In 
Constanta, DMFT scores decrease by 23.96% and of 
DMFS by 20.14% after the first four years and 30–40% 
so far, as a result of dental caries prevention program 
for children aged between 6 and 12 years, that started in 
2002 [4, 5]. 

The exact mechanism of caries prevention of 
fluoride has not been completely understood [6]. 

Several methods have been proposed for evaluating 
anti-caries potential of commercial products containing 
fluoride. Among them, the most commonly used in 
in vitro was the simulation of physicochemical effect of 
fluorinated products [7, 8]. 

Previous studies have shown that deposits of CaF2 

are observed on the enamel surface after rinsing with 
solutions containing 0.2% and 0.05% sodium fluoride, 
even after a short period [1]. 

Lately, it has been suggested that calcium fluoride 
(CaF2) or calcium fluoride-like material are deposited 
on enamel after exposure to fluoride solutions and are 
responsible for the cariostatic mechanism of topical 
fluoride [1]. Therefore, the assessment should focus on 
the product capacity to form this type of compound and 
therefore to provide a reservoir of fluoride [9–11]. 

Gerould CH [12] and other authors [7, 13], using 
scanning electron microscopy (SEM), were the first who 
reported the presence of CaF2 deposits on human 
enamel surface after topical fluoride action. 

Morphological appearance of fluoride deposits on 
the surface of tooth enamel at scanning electron 
microscope (SEM) has been variously described: as 
microcrystals or as amorphous coatings. Most 
frequently spherical globular deposits have been 
described [11]. Some authors have speculated that 
phosphate is responsible for the globular structure since 
pure calcium fluoride has cubical shape [14, 15]. 

Aim 

In this in vitro study, examination of the 
morphological changes of enamel surface after topical 
application of a sodium fluoride solution and the 
quantitative analysis of the elemental composition of 
surface deposits, were performed. Validation of the 
Fluorostom effectiveness became possible, after 10 
years of using for the caries prevention national 
program. 
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 Materials and Methods 

Sound human enamel sections, were treated with a 
0.05% sodium fluoride solution. Demineralization areas 
were created with 37% phosphoric acid etching gel for 
60 seconds.  

The demineralization areas were immersed in  
100 mL of sodium fluoride solution, twice daily for 
30 days. Fluoridated solution used in the study was: 
Fluorostom (I.C.C.F., Bucharest, Romania) 0.05% 
sodium fluoride (220 ppm F-). 

Surface examination was performed at scanning 
electron microscope and energy dispersion spectrometry 
was used for the elemental analysis or chemical 
characterization of the sample (Inspect S, produced by 
FEI Company, Holland la 25 kV). 

Samples’ preparation 

All extracted teeth were kept in a sterile container 
containing isotonic sodium chloride (NaCl) solution of  
154 mEq/L (saline), followed by the removal of the 
organic material from their surface by immersion in a 
10% solution of sodium hypochlorite (NaOCl). Then, 
they were brushed with an abrasive, fluoride-free 
prophylaxis paste, Clean Polish (KerrHawe SA Bioggio, 
Switzerland) and water. 

Samples were manually sectioned using diamond 
blades, driven by micromotor. Sections were made in 
bucco-lingualy direction, following the long axis of the 
tooth, resulting in each one every four sections of about 
2–4 mm (Figure 1). 

 

 
Figure 1 – Bucco-lingual sections. 

After sectioning, all samples were rinsed with 
distilled water. A third of each sample surface was 
covered with acid resistant colorless nail varnish, so that 
this part of the enamel remains intact (Figure 2). The 
remaining uncovered two thirds were subjected to 
demineralization. 

    
Figure 2 – Nail varnish covering stage. 

Demineralization 

Samples ware etched with 37% phosphoric acid gel 
for 60 seconds (Figure 3). 

 
Figure 3 – Demineralization stage. 

At the end of the demineralization, all sections were 
thoroughly washed with distilled water and dried with 
the dental units air spray. Demineralized external third 
was covered with red nail varnish to protect the initial 
demineralization, leaving the middle third uncovered  
for exposure to the fluoridated solution during the 
remineralization. 

Remineralization 

Thin sections of sound enamel were placed in 
100 mL of Fluorostom 0.05% sodium fluoride (220 ppm 
F-) solution, twice daily for 30 days. The fluoride 
solution was renewed daily. A section from each tooth 
was immersed in 100 mL distilled water and was 
considered the control group (M). In the interval 
between applications, all sections were kept in 100 mL 
distilled water. All procedures were performed at a 
room temperature of 260C. 

After remineralization, the enamel surfaces were 
analyzed at scanning electron microscope in order to 
observe induced structure changes on the enamel 
surface. The presence of Ca2+ and F- ions on the enamel 
samples was analyzed using the elemental analysis 
system EDX (Inspect S, Manufacturer FEI Company, 
Netherlands) (Figure 4). 

 
Figure 4 – Scanning electron microscope (SEM): 
Inspect S, Manufacturer: FEI Company, Netherlands. 
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Prepared samples were observed by SEM at the 
working parameters that are displayed on each image. 
Three measurements were taken for each image. 
Imaging is performed using secondary or reflected 
electrons, arising from the bombing of the preparation 
with the primary electron beam. The electron beam 
produced by electronic cannon, is maximum reduced 
through two or three electromagnetic lenses. Very 
narrow beam with a diameter below 100 Å is projected 
onto the preparation. With two deflection coils placed 
within the last electromagnetic lens, activated by a 
scanning beam is focused and determined to make a 
zigzag move across preparation, and scanning its 
surface. EDX spectrum provides information about the 
chemical composition (elemental analysis) of the 
sample showing the energy scale as a function of 
intensity and after an automatic identification and 
quantification of elements and for each element finally 
inquiring atomic percentages. 

 Results 

Scanning electron microscope 

Morphological changes on the enamel surface after 
application of fluoride in SEM revealed the presence of 
globular precipitate in all treated samples. Amorphous, 
globular and crystalline structures were seen on the 
enamel surface of the treated samples. Clear differences 
were observed between the treated and untreated 
samples (Figure 5).  

The samples’ surface was not covered completely by 
the globular precipitates. The globular precipitates were 
spherical in shape in all treated samples. 

The enamel surface of the untreated samples was 
severely etched with diffuse irregular type of etching 
and no globular precipitates were seen on the surface of 
the untreated samples (Figure 6).  

Etching with 37% phosphoric acid, for 60 seconds, 
produced a type III etching pattern: irregular pattern of 
demineralization, the surface structure of enamel is 
porous, with larger inter crystalline spaces [16]. 

(a)    (b)    (c)  
Figure 5 – Scanning electron micrographs of sound enamel surfaces treated with sodium fluoride solution 
Fluorostom (a) or untreated (b) at a magnification of 10 000×. Imagine (c) has a magnification of 20 000×. 

(a)     (b) 
Figure 6 – Scanning electron micrographs of sound enamel surfaces etched with 37% phosphoric acid gel for  
60 seconds (a) and the difference between the etched surface and the surface treated with sodium fluoride solution (b). 

Elemental analysis of the sample (EDX or 
EDS) 

The EDX elemental analysis highlighted the 
presence of Ca2+ and F- ions in all treated sections and 
in the control, untreated samples, fluoride was below the 
limit of detection for this technique (Figure 7). 

After collecting EDX spectrum, an automatic 
identification of items is done, and then per item 
quantifying, so the letter that appears after each item is 

the energy level that has made the collection. The 
collection is made on three energy levels: K, L and M 
(Wt – mass ratios, At – atomic percentages). The results 
following EDX analysis of these sections are quantified 
in the table below (Table 1). 

The secondary electrons were recorded and they 
gave the topographical location of the globules only  
in some samples. The elemental composition was 
determined only in bigger globules. 
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(a)    

(b)    
Figure 7 – EDS pattern of the enamel surface treated with sodium fluoride solution Fluorostom (a) section 2B zone 1 
and 2 and untreated (b). Intensity of the F- and Ca2+ peaks analyzed in two points for each section. 

Table 1 – EDS automatic identification of items, and per item quantifying for the section showed in Figure 7 
Figure 7 (a) section 2B zone 1 Figure 7 (a) section 2B zone 2 

Elem     Wt%       At%    K-Ratio      Z            A           F 
----------------------------------------------------------------------------- 
O K     27.28      42.81   0.0312   1.0429   0.1095   1.0005 
F K     10.90      14.40    0.0118   0.9814   0.1099   1.0005 
NaK     1.03        1.13    0.0021   0.9795   0.2054   1.0026 
SiK      0.70         0.63   0.0040   1.0060   0.5546   1.0185 
P K     18.35      14.87   0.1231   0.9736   0.6802   1.0130 
ClK       0.42        0.30   0.0028   0.9576   0.6836   1.0325 
CaK    41.31      25.87   0.3644   0.9801   0.8999   1.0000 
Total  100.00   100.00 
 
Element   Net Inte.    Backgrd Inte.   Error      P/B 
------------------------------------------------------------------- 
O K           49.10               3.94          2.36     12.45 
F K            26.85               3.94          3.36       6.81 
NaK             6.08               6.97       11.28        0.87 
SiK            12.96             15.07          7.76       0.86 
P K          380.03             15.09          0.82     25.18 
ClK              8.47             13.68       10.82        0.62 
CaK         927.75             10.94          0.51     84.82 

Elem     Wt%       At%    K-Ratio      Z            A           F 
---------------------------------------------------------------------------- 
O K     36.54      53.69   0.0473   1.0372   0.1248   1.0004 
F K       7.44        9.21    0.0078   0.9760   0.1071   1.0006 
NaK      1.42        1.46    0.0029   0.9742   0.2105   1.0025 
SiK       1.12        0.94    0.0064   1.0006   0.5634   1.0179 
P K     19.32      14.67    0.1291   0.9684   0.6825   1.0105 
CaK    34.15      20.03    0.2988   0.9736   0.8986   1.0000 
 
Total   100.00  100.00 
 
Element    Net Inte.    Backgrd Inte.    Error      P/B 
--------------------------------------------------------------------- 
O K            99.43               6.09           1.61      16.32 
F K            23.70                6.09           3.84        3.89 
NaK           11.40               8.58            7.12        1.33 
SiK            27.95             11.35             3.87        2.46 
P K          530.61             13.27             0.68      39.99 
CaK       1012.60             11.79             0.48      85.87 

Figure 7 (b) section 2M zone 1 Figure 7 (b) section 2M zone 2 
Elem     Wt%       At%    K-Ratio      Z            A           F 
----------------------------------------------------------------------------- 
O K      48.39     67.86   0.0663   1.0299   0.1330   1.0002 
P K      19.79     14.33   0.1383   0.9617   0.7193   1.0102 
CaK     31.82     17.81   0.2792   0.9663   0.9080   1.0000 
Total  100.00   100.00 
 
Element    Net Inte.    Backgrd Inte.   Error    P/B 
--------------------------------------------------------------------- 
O K           73.47                 2.67          1.18     27.50 
P K         298.11                 6.96           0.58     42.85 
CaK        495.66                 6.17           0.44     80.28 

Elem     Wt%       At%    K-Ratio      Z            A           F 
----------------------------------------------------------------------------- 
O K      54.00    72.28   0.0840   1.0268    0.1515   1.0002 
P K      19.96    13.80   0.1394   0.9588    0.7222   1.0084 
CaK     26.04    13.91   0.2276   0.9625    0.9081   1.0000 
Total  100.00  100.00 
 
Element    Net Inte.    Backgrd Inte.    Error    P/B 
--------------------------------------------------------------------- 
O K             121.40             3.48          1.31      34.86 
P K              391.12             6.13          0.72     63.76 
CaK             525.45             6.65          0.62     79.03 

 
 Discussion 

Scanning electron microscope SEM was used by 
several authors [12, 17–19] to assess the deminerali-
zation/remineralization effect of fluoride containing 
products. In most studies, using scanning electron 
microscope, samples are coated with metals such as 

gold or palladium to improve image quality [12, 17–19]. 
Harding AM et al. [18] studied samples in the scanning 
electron microscope (SEM) without coating so that they 
could be observed again, if necessary, once the study 
ended. Consequently, we considered that this version  
is easier and because of the revaluation possibilities, we 
applied it. 
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The globular precipitates and amorphous structure 
were observed on the enamel surface treated with 
Fluorostom and we can assume that will serve as a 
reservoir of fluoride for longer periods of time and thus 
contribute to the caries preventive effect. Some earlier 
studies described the presence of the globular products 
after short time contact with topical fluoride agents [17, 
18]. 

The EDX elemental analysis highlighted the presence 
of Ca2+ and F- ions in all analyzed sections. The intensity 
of calcium varies in correlation with the topographical 
position of the globules, the high intensity of calcium 
became from the enamel structure. The intensity of  
the fluoride signals was higher in samples treated with 
Fluorostom and was below the limit of detection on the 
untreated samples. 

Etching with 37% phosphoric acid creates a porous 
surface due to selective dissolution of apatite crystals. 
Depending on the orientation of the crystals dissolved, 
several acid etching patterns are described: type I, 
involving crystals of enamel prism belonging to the 
center, type II, which cause dissolution of crystals at the 
periphery of prisms, type III is associated with an 
irregular demineralization pattern [20]. In our study 
after demineralization with 37% phosphoric acid for 
60 seconds, a type III etching pattern was mainly 
achieved. The results are similar to those of Legler LR 
et al. [16]. 

 Conclusions 

The analysis of results suggests that the tested 
product, Fluorostom, can be recommended as a topical 
fluoride preparation with anticaries potential because of 
globular structures formation that can acts as a fluoride 
reservoir. EDX qualitative analysis highlighted the 
presence of the fluoride signals in samples treated with 
Fluorostom. 

From our results and after comparing them with 
literature data, we have concluded that the Romanian 
product Fluorostom is effective for maintaining constant 
levels of fluoride in the enamel surface and have 
beneficial effects on reducing the solubility and 
promoting the remineralization of enamel. 
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