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ABSTRACT 

There is a remarkable interest in the dental area about the effect produced by the acidic agents contained 

in commercial non-alcoholic drinks on dental enamel due to their ability to produce caries or erosive 

lesions. The objective was to characterize the morphological and the chemical alterations of the 

adamantine structure exposed to the action of a flavored water. Human dental crowns sectioned in the 

buccolingual direction were embedded in polymer. Flat and highly polished surfaces were obtained by 

wear with descending granulation sandpaper. Observations and chemical analyses were performed on 

radial enamel before and after exposure to the beverage, at the ESEM FEI QUANTA 200-EDS (SeMFi-

LIMF. FI- UNLP). For the morphological description, the etching patterns of the enamel were considered. 

The chemical elements sodium, magnesium, chlorine, and the calcium/phosphorus ratio were studied. The 

samples were immersed in 100 ml of a flavored water for 12 minutes. At the ESEM, the prisms presented 

different patterns of acid etching, which may affect the core or the profile. The chemical composition 

showed variations according to the area, before and after the treatment. Although the studied elements 

were present in the healthy enamel, both in the radial and in the Hunter Schreger bands, the percentage 

values were different. In the bands, sodium and magnesium increased while chlorine decreased. After the 

action of the flavored water, sodium and magnesium increased even more and the chlorine dropped 

markedly. A significant difference was found in Ca/P ratio before and after treatment. The beverage used 

contains acid agents in its composition that produce loss of minerals from the adamantine tissue. We 

conclude that the exposure of tooth enamel to flavored water produces demineralization compatible with 

erosion lesions. 

 

Key words: dental enamel- demineralization- soft drinks 

 

 

1 INTRODUCTION 

Dental enamel is the tissue most exposed to demineralization phenomena due to the action of acids, 

causing the appearance of lesions, which can progress, affecting the dentin and pulp. These acids come 

mainly from streptococcus in dental plaque. Colony counting methods allow determining the degree of 

colonization produced by Streptococcus mutans, being very useful to identify the population at high risk 

of dental caries (Ojeda-Garcés, 2013). Romero and Iniesta (2021) mention some factors that contribute to 

increasing the risk of cavities such as enamel hypoplasia, poor nutritional status, medications that reduce 

saliva or contain sugar, as well as conditions of oral dysphagia or reflux, when exposing the teeth to acid 

gastric content. 

However, not all demineralization lesions of tooth enamel are associated with bacteria. Eating 

foods with low pH causes different degrees of erosion (Lussi 1993). Various investigations warn about 

the effects of fruit juices and carbonated drinks on the enamel of deciduous and permanent teeth (Pimentel 

Lopes, 2013). Sabel et al (2012) report that enamel responds to demineralization with lesions of different 

depths and this is related to the chemical composition. They established a correlation between the carbon 

content and the depth of the lesions: when carbon was in a higher proportion in healthy enamel, the depth 

of the lesions was greater. This research also determined that the lesion was deeper when the degree of 

porosity of the enamel was higher (Sabel, 2012). It is known, through observation under electron 
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microscopy, that the exposure of enamel to acid solutions produces a honeycomb-shaped etching pattern, 

where the center of the prism (central zone) is more affected than its periphery due to selective mineral 

loss (Tyler, 1976). 

Another study (Yin-Lin, 2014), evaluated the erosive potential of different soft drinks, finding that 

the pH values were below the critical pH of enamel hydroxyapatite. In addition, it was determined that 

beverages with citric acid and ascorbic acid in their composition, presented the highest acid titration. 

According to Torres et al. (2016) non-carbonated beverages, such as fruit juices or high-sugar beverages, 

contain organic acids such as citrus (orange), tartaric (grapes), maleic (apple), and ascorbic (vitamin C), 

all of which contain a low pH.  

Tooth enamel is an acellular tissue that contains between 80 and 90% of its volume of 

hydroxyapatite crystals and the remaining 10-20% is generally composed of organic protein material and 

water. (Tyler, 1976). Various chemical components have been identified in this tissue such as P, Ca, Mg, 

Zn, Pb, Co, F, I, Fe, Al, Se (Mariel Cárdenas, 2010). In the permanent dentition, the calcium/phosphorus 

ratio is constant in its thickness, except for the tendency to lower values on the surface, possibly due to 

the formation of calcium-deficient apatite (Weatherell, 1974). The enamel microstructure presents a very 

complex organization since the prisms do not follow a rectilinear path from their origin in the enamel-

dentine junction to the external surface. Under the optical microscope, intercrossing of the prisms can be 

distinguished occupying the inner two thirds of the enamel thickness, giving rise to the Hunter Schreger 

bands (HSB), while in the outer third, the prisms are arranged parallel to each other forming the so-called 

radial enamel. 

The aim of this work was to characterize the morphological and chemical aspects of enamel with 

Hunter Schreger bands and radial enamel, exposed to flavored water in vitro. 

 

2 METHODOLOGY 

In this study, longitudinal sections of human dental crowns obtained with the informed consent of 

the patient were used. These were embedded in acrylic resin and worn flat. Water-based sandpaper with 

progressive granulation (particle 600, 1200, 1500 y 2000) were used and finally a cloth and rotating 

instruments to give high shine. The samples were washed with alcohol, then ultrasound for 5 minutes and 

dried.  

Samples were soaked for 12 minute in 100 ml of a commercially available orange flavored water, 

removed, and washed with water. Metallized with gold was done for observation and chemical analysis 

using an ESEM FEI QUANTA 200 with an EDS probe belonging to the Electron Microscopy and 
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Microanalysis Service of the Physical Metallurgy Research Laboratory. (SeMFi-LIMF. FI- UNLP). The 

working conditions were high vacuum at 20 kV in an area of 100 µ2. 

Acid etching patterns are considered for the morphological description of enamel by the action of 

the drink (Silverstone, 1975).  

The elemental chemical analysis were performed for calcium (Ca), phosphorus (P), sodium (Na), 

magnesium (Mg), chlorine (Cl) and the Ca/P ratio. Recordings were made on the radial enamel and with 

Hunter-Schreger bands (HSB) before and after the action of the drink. 

The ANOVA test with Bonferroni multiple comparisons was used. The accepted error α was 0.05. 

 

3 RESULTS 

3.1 MORPHOLOGICAL ASPECTS 

The micrographs of the healthy enamel show a characteristic arrangement of the prisms in each 

zone, being parallel to each other in the radial enamel and presenting cross-linking in bundles in the HSB 

enamel. (Fig. 1). In this latter, prisms can be distinguished in transverse and longitudinal section arranged 

alternately.  

After the action of the drink, in the radial enamel, numerous small porosities are observed while 

the contours of the prisms were slightly defined. In the longitudinal sections of the prisms, the 

interprismatic space takes on an irregular appearance. In cross sections, the prisms presented two patterns: 

in several samples a depression of the center of the prism was observed, maintaining high contours (Fig. 

2A), while in others, the pattern was reversed, that is, the centers remained elevated and the contours 

depressed (Fig. 2B). These alterations correspond to the type I and II patterns of enamel acid etching, 

respectively. 

 

Figure 1. Micrograph of healthy enamel. RE: Radial enamel. HSB Hunter Schreger bands. SEM x 180 
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Figure 2. Micrograph of the enamel treated with the drink. A and B enamel HSB. Prisms are seen in cross-section with affected 

centers (A) and with affected contours (B). SEM x 1000 

 

A  

 

B 

  
 

3.2 ELEMENTARY CHEMICAL COMPOSITION (ECC) 

Energy dispersive analyses (EDAX) of healthy and treated enamel were performed and observed 

pronounced peaks for calcium and phosphorus; in addition, other elements such as sodium, magnesium 

and chlorine were detected. (Fig. 3). The relative values (weight %) of the qualitative and quantitative 

analysis of healthy and treated tissue are shown in Table I. 

In healthy enamel, sodium is found in a higher percentage in BHS enamel. After treatment with 

the drink, increased in HSB enamel (Na: 0.88%) in relation to healthy enamel (Na: 0.70%). The difference 

was significant, however, no significant difference was found in the percentage of sodium between healthy 

and treated radial enamel. Regarding magnesium, no significant difference was found in healthy radial 

enamel and HSB, however, after immersion in the drink, the percentage was higher in HSB (Mg: 0.29%) 

than in healthy enamel. (Mg: 0.23). Chlorine is found in a higher proportion both in healthy radial enamel 

and in that treated with the drink, the difference being significant (Fig. 4).   

The Ca/P ratio did not show a significant difference between healthy, as well as in treated enamel. 

However, after immersion in the drink, the Ca/P ratio decreased in radial enamel and in treated HSB 

(Ca/P: 2.0) relative to healthy enamel (Ca/P: 2.1) and difference was significant (Fig. 4). 

In summary, although the elements studied are present in healthy enamel, both in radial and in 

Hunter Schreger bands, the percentage values were different. Sodium and magnesium are found in a 

higher proportion in HSB, while the proportion of chlorine was higher in radial enamel. After the action 

of the flavored water, in HSB, sodium and magnesium increased even more and chlorine decreased 

markedly. The calcium/phosphorus ratio decreased in both areas after treatment. 
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Figure 3. Energy dispersive spectra (EDS) of healthy and drink-treated enamel. A and B healthy enamel. C and D enamel 

treated with the drink 

 

A. HEALTHY RADIAL ENAMEL 

 

B. HEALTHY  HSB ENAMEL 

  
  

C. TREATED RADIAL ENAMEL D.  TREATED HSB ENAMEL 

  
 

Table I. Elemental chemical analysis of tooth enamel. Values expressed in weight percentage 

  Na Mg P Cl Ca Ca/P 

ESMALTE  

SANO 

Radial 0,54a 

±0,09 

0,19 

±0,07 

18,14 

±0,51 

0,38ac 

±0,09 

38,36 

±1,15 

2,11a 

±0,03 

 BHS 0,70ab 

± 0,07 

0,23b 

±0,05 

18,05 

±0,50 

0,14a 

±0,13 

38,14 

±1,17 

2,11b 

±0,02 

ESMALTE 

TRATADO 

Radial 0,62 

±0,17 

0,21a 

±0,06 

20,35 

±4,51 

0,52bc 

±0,13 

40,70 

±8,69 

2,00a 

±0,06 

 BHS 0,88b 

± 0,19 

0,29ab 

±0,06 

19,56 

±4,22 

0,07b 

±0,07 

39,39 

±8,16 

2,02b 

±0,04 
a,b,c  Equal letters indicate significant difference  (ANOVA- Bonferroni, p<0,05) 
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Figure 4. Percentage mean values, deviation and error of sodium (Na), magnesium (Mg), chlorine (Cl) and the calcium / 

phosphorus ratio (Ca/P). Healthy radial enamel, healthy HSB, treated radial and treated HSB are represented in order. 

Na 

 

Mg 

 
 

Cl 

 

 Ca/P 

 

 

4 DISCUSSION AND CONCLUSIONS  

In this work, we analyze the action of a flavored natural water on the microstructure of dental 

enamel in vitro. We consider two zones of the thickness of the adamantine tissue differentiated by the 

organization of the prism beams: the outermost zone where the prisms are arranged parallel to each other 

(radial enamel) and the inner zone, where they are organized in beams that intersect in regular layers (HSB 

enamel). We characterize the morphological and chemical aspects of each area.  

The time in which the drink acted (12 minutes) was sufficient to produce alterations in the 

morphology of the prisms. In the SEM, an increase in porosity and alterations in the contours of the prisms 

were observed, compatible with type I and II enamel etching patterns. (Silverstone, 1975). This indicates 

the loss of minerals after immersion in the drink. 

The flavored water used in this experiment contains, in addition to natural mineral water, citric 

acid and EDTA. Citric acid is a weak organic tri-carboxylic acid that is present in most fruits, especially 

citrus. Its molecular formula is C6H8O7. The acidity of citric acid is due to the three-carboxyl groups (-

COOH) that protons can lose, forming derivatives such as citrate. Citrates are good pH controllers of 
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acidic solutions (Muñoz Villa 2014). Citrate ions form salts with many metal ions, including calcium. 

Chelation is the process of joining one or more citric acid molecules and metal ions, separating them in a 

complex way and rendering them inactive. EDTA or ethylene-diamine-tetra-acetic acid also has a 

chelating action and forms stable compounds with calcium. (Segura Egea, 1997). These components are 

responsible for the demineralization of the adamantine tissue. Elemental analysis will determine the 

variation in elemental chemical composition before and after exposure to the beverage. In healthy enamel, 

Mariel Cárdenas et al. (2010) demonstrated that some elements vary in their concentration (g %) from the 

external surface to the enamel-dentine junction. One of them is sodium, where the highest concentration 

was observed on the internal surface of the enamel, as demonstrated in this work. This relationship 

persisted after the action of the drink. Furthermore, these authors reported a higher proportion of 

magnesium in the internal zone, although this was not demonstrated in our analysis. However, HSB 

enamel presented a higher proportion of magnesium after treatment. Chlorine was found in a higher 

proportion in the external area (radial enamel), both in healthy enamel and in enamel treated by drinking. 

Therefore, demineralization did not affect the relationship of these elements in radial enamel and HSB, 

although the loss of calcium produced an increase in the relative percentages of sodium and magnesium 

and a decrease in chlorine, possibly attributed to their exit together with calcium (Table I).  

We conclude that the acid components contained in flavored water produce morphological and 

chemical alterations compatible with erosion phenomena of dental enamel. 
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