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Dental erosion is a pathologic, non-bacterial hard dental tissue loss induced by extrinsic 

or intrinsic acids. This in vitro study aimed to evaluate and compare the morphology and 
surface roughness of dental enamel after erosive challenge in some extrinsic and intrinsic acidic 
substances, Coca-Cola, orange and gastric juice. 

Enamel samples (n=48), obtained by preparation of surgical extracted human third 
molars, were subjected to the erosive challenge of the artificial gastric juice and commercially-
available Coca-Cola and orange juice by immersion in 50 ml of erosive solutions for 15 min, 
three times daily, for 10 days. Between immersions, the samples were kept in filtered saliva. 
Twenty-four samples were prepared for the surface morphology analysis using scanning-
electron microscope, and 24 for the analysis of Ra-surface roughness parameter (using a 
diamond-stylus-profilometer), including the 12 control samples (which did not undergo the 
erosion procedure). Results of the surface roughness were analyzed by one-way ANOVA 
Student-Newman-Keuls post hoc test. 

Ultrastructural analysis of enamel surface after immersion in Coca-Cola and gastric 
juice showed type 1 etching pattern with the typical honeycomb appearance. After the erosive 
challenge with orange juice, a nonspecific morphological model was established. Profilometric 
parameter Ra was significantly increased for samples immersed in gastric juice compared to 
samples immersed in Coca-Cola and orange juice, as well as, in samples with Coca-Cola-
erosion compared with orange juice-erosion. Gastric juice had higher erosive potential in 
relation to Coca-Cola and orange juice, with the most intense morphological changes and the 
highest roughness on the enamel surface. 
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Introduction 
 
Dental erosion has been defined as pathologic, 

non-bacterial dental hard tissue loss induced by 
extrinsic or intrinsic acids or chelators acting on 

plaque-free tooth surfaces (1). The most important 

extrinsic source of acid exposure is diet, which could 
include numerous components and products with 

complex composition and a potential for erosive 
damage (carbonated and acidic drinks, acidic food, 
citrus pastilles, various medicaments), professional 
exposure to corrosive agents (acid vapors from 
batteries and other appliances), even exposure to 

chlorinated water in swimming pools during water 
sports (2-6). In addition, behavioral factors like 
eating and drinking habits (holding an acid beverage 
in the mouth before swallowing, swishing around the 
mouth or sucking juice through the teeth) contribute 
to its development (7).  Intrinsic factors are the 

result of endogenous acid, generally gastric acids 
that contact teeth especially in patients suffering 
from anorexia, bulimia, chronic vomiting during 

pregnancy and gastrointestinal disturbances (8-11). 
Many laboratory studies have found 

carbonated drinks, especially carbonated cola drinks, 
to be associated with erosion, most likely due to 

their low pH (2, 4, 12, 13). Further, in vitro studies 



 

 

have shown that fruit juices may also be potentially 

erosive, due to their high content of titratable acid 

(2, 4, 12). 
On the other hand, acidic stomach contents 

refluxed into the oral cavity can dissolve tooth 
structures and cause erosive tooth wear (14, 15) 
because contact between the hydrochloric acid from 
the stomach (with pH from 1.5 to 3,5) and the oral 

cavity occurs for a few seconds, several times a day 
(16). 

The aims of the present in vitro study were 
twofold: (1) to analyze the experimental models of 
enamel erosion after exposure to Coca-Cola, orange 
juice and artificial gastric juice at the ultrastructural 

level, and (2) to evaluate enamel surface roughness 
after erosive challenge in the same acidic solutions. 

 
 
 

Material and methods 
 

The material for this research included 12 

human impacted mandibular third molars (from 

patients aged 18–25 years) disinfected in 1% thymol 

solution and kept in 1% sodium hypochlorite for 24 

h. Organic debris was removed by carefully using a 

dentist’s set of instruments (17).  

After the removal of the roots, at least 2 mm 

below cementoenamel junction, the crowns were cut 

(using a diamond saw under water irrigation) from 

the distal, mesial, buccal, and lingual side. Out of the 

total of 48 samples, 24 were used for SEM analysis 

and 24 were used for the analysis of enamel surface 

roughness (Table 1).  
 

Table 1. Distribution of samples used in experimental protocols. 

 

 

Samples 
Number of samples 

for SEM analysis 

Number of samples for 

surface roughness analysis 
Total 

Control 6 6 (3 measurements) 12 

Immersed in Coca-Cola 6 6 (3 measurements) 12 

Immersed in orange juice 6 6 (3 measurements) 12 

Immersed in artificial gastric juice 6 6 (3 measurements) 12 

Total 24 24 48 

 

 

 

 

Erosion solutions and human saliva 

 

The erosion models caused by soft drinks 

were obtained by immersing the samples in Coca-

Cola (HBC – Serbia A.D. Zemun) and orange juice 

(NECTAR’ D.O.O. Backa Palanka, Serbia). 

In the previous study it was established that 

Coca-Cola had pH 2.67 ± 0.06 and TA 1.87 ± 0.09, 

whereas orange juice had pH 3.73 ± 0.03, requiring 

5.70 ml of NaOH to reach pH 7.0 (4). 

The model of enamel erosion with GERD was 

created using artificial gastric juice according to the 

methodology of Stefaniak et al. (18) and it was 

modified in accordance with the stablished goals of 

the research. Its initial pH was 2,1 (Table 2.). 

 

 

Table 2. The contents of artificial gastric juice (primary electrolytes and ionic compounds) 

 

 

Contents Concentration 

Calcium chloride dihydrate 

(CaCl2×2H2O) 
0.264 g/L 

Magnesium chloride hexahydrate 

hexahydrat (MgCl2×6H2O) 
0.152 g/L 

Potassium chloride (KCl) 0.864 g/L 

Sodium chloride (NaCl) 2.855 g/L 

Hydrochloric acid (HCl) 1.426 (3.38 ml; 36.2%) 

 

 

 

 

Human saliva was collected from healthy 

volunteers in the morning, 2 hours after fasting. 

Volunteers rinsed their mouths twice with distilled 

water before saliva collection (19). Filtrates were 

obtained with Whatman filter papers grade 1: 11 μm 

(Sigma-Aldrich, USA). 

 

 



 

 

Erosive Challenge 

 

This study was approved by the institution’s 

Ethics Committee. Tooth samples planned for 

analysis using SEM, immediately after cutting, 

rinsing and drying, were distributed into one of three 

erosive challenges, while the samples planned for 

analysis using profilometer, before exposure to 

acidic solutions, were prepared as follows: circular 

molds of 16 mm in diameter and 3 mm deep were 

filled by self-cured resin. Each sample was 

embedded in resin, with labial (oral) surfaces 

uppermost, and was cleaned with nonfluoridated 

pumice, rinsed with water and dried with oil-free 

compressed air. 

All of the enamel samples were exposed to 

acidic solution according to the following protocol 

(10): immersion in 50 ml acidic solution (Coca-

Cola/orange juice/gastric juice) for 15 minutes with 

occasional shaking, rinsing with distilled water, and 

immersion in human saliva.  

The cycle was repeated three times a day for 

10 days. During the night, the samples were placed 

in human saliva, including the 12 control samples 

(which did not undergo the demineralization 

procedure). The experiment was conducted at room 

temperature.  

 

 

 

 

Preparation of samples for SEM analysis  

 

At the end of the experimental period the 

samples were dried, fixed to aluminum stubs with a 

fixing agent (Dotite paint xc 12 Carbon JEOL, Tokyo, 

Japan), sputter-coated with old/palladium (in the 

unit JFC 1100E Ion Sputter JEOL), and examined by 

scanning electron microscopy (SEM) (JEOL-JSM-

5300). 

 

Preparation of samples for surface roughness 

analysis 

 

Surface roughness of the enamel samples was 

measured using a profilometer (Mitutoyo Surftest 

SJ-301) (20).  

Although four parameters of roughness are 

registered with the stylus of the Mitutoyo type 

profilometer, the statistical analysis took into 

account only one, the most frequently used 

parameter, Ra, which is defined as the average 

distance from the profile to the mean line over the 

length of assessment. A detailed description of the 

measurement method using a diamond stylus 

profilometer has already been published in our 

recent study (4). Statistical analysis was carried out 

using one-way ANOVA Student-Newman-Keuls post 

hoc test. 

Table 3. The values of the enamel surface roughness parameter (Ra) in relation to the tested acid solutions 
 
 

Roughness 

parameter 

Exposure 

(min) 
Control 

I 

Artificial gastric juice 

II 

Coca-Cola 

III 

Orange juice 

Ra 15 0.67 ± 0.02 1.63 ± 0.25a 1.49 ± 0.08a,b 1.27 ± 0.01a,b,c 

 
ap < 0.05 vs control; bp < 0.05 vs. artificial gastric juice; cp < 0.05 vs. Coca-Cola; 

 
 
 
 

On enamel surfaces not exposed to the 
erosive challenge by Coca-Cola, orange and gastric 
juice (control group), the typical structures of sound 

enamel (grooves and perichimata lines) were 
apparent. Additionally, small depressions or ditches 
or grinding marks were observed and they were 
found to be indicative of the cumulative mechanical 
effects the teeth have experienced. (Figure. 1) 

 

Results 

 

SEM results are shown in micrographs 1 to 4 
and the measurements of enamel surface roughness 
are shown in Table 3. 
 
 
 

 
 
 

Figure 1. Control samples: the surface of untreated 
enamel with perikymata. 

 



 

 

The enamel surface of teeth exposed to the 

acidic solutions clearly demonstrated deep changes 

in enamel structure: scanning micrographs of 
enamel samples eroded by Coca-Cola and gastric 
juice exhibited a distinct pattern, showing hollowing 
of prism centers with relatively intact peripheral 
regions, reflecting honeycomb appearance (Figuries 
2, 4). 
 
 
 

 
 

Figure 2. Erosive changes on enamel caused by 
Coca Cola: type 1 erosion, central parts of  
the prisms are affected and the peripheral  

parts are relatively preserved. 
 
 
 

 
 

Figure 4. Erosive changes in enamel surface caused by 
gastric juice with significant type 1 erosion, honeycomb 

appearance. 
 
 
 

In contrast, samples immerged in orange 
juice showed atypical etching: without prisms, with 
pitted enamel surfaces, as well as with structures 
which look like unfinished puzzles, maps, networks. 
(Figure 3). 

The highest value of Ra roughness parameter 
was observed in the samples immersed in gastric 

juice, followed by Coca-Cola and, finally, orange 
juice. 
 

 

 
 

Figure 3. Erosive changes in enamel surface caused by 
orange juice with irregular erosion type. 

 
 
 

There was a statistically significant difference 
among all of the tested roughness parameter 
values. 

 
Discussion 

 
Literature data point to an increase in dental 

erosions in the modern society and they represent a 
challenge for the researchers. Considering that there 
is a decreasing tendency in caries instances, erosive 
tooth wear is becoming a more significant element 
in planning a long-term model of dental health (2). 
An increase in the prevalence of various gastro-
intestinal diseases and eating disorders leads to 
more frequent contacts between the teeth and 
gastric acid. Together with increasing use of acidic 
beverages, these conditions are considered 
significant risk factors for teeth demineralization.  

The goal of our research was to create the 
ultrastructural experimental models of enamel 
erosion caused by Coca-Cola, orange juice and 
artificial gastric acid and to determine differences 
and possible similarities between the erosions 
caused by external and internal factors on 
experimental model. To some extent, the findings 
could point to the significance of prevention of both 
internal and external causes of erosive tooth wear.  

In order to simulate clinical conditions, the 
present research used gastric juice formula which, 
apart from HCl with 2,1 pH, contained only the 
primary electrolytes and ionic compounds, without 
organic and amino acids, carbohydrates and pepsin. 
Calcium, magnesium and sodium salts should act as 
buffer components which could probably control the 
erosive potential of gastric juice, similar to in vivo 
conditions. On the other hand, the majority of the 
results from laboratory studies regarding the enamel 
surface changes in reflux disease were obtained 
based on the use of pure HCl (16, 21, 22, 23, 24). 
Nevertheless, in studies by Barlet at al. and Braga at 
al. (9,10), gastric juice which was aspirated from 
patients undergoing endoscopy for symptoms of 
reflux disease was used. 

In the present study, the immersion cycles (3 
times for 15 minutes) could imitate GERD symptoms 
for a shorter period of time (10 days). Similarly, the 



 

 

time of immersion of samples into Coca-Cola and 
orange juice can imitate the frequency of 
consumption of soft drinks. On the samples 
immersed in the Coca-Cola and gastric juice, the 
following was observed: diffuse demineralization 
involved the rod core, with decomposition of 
morphology of prisms: they were severely affected, 
and a greater prism-core dissolution compared with 
that in the interprismatic areas gave the enamel a 
“honeycomb pattern” of etching, similar to the 
results published by Colombo et al. (25) and Braga 
at al. (10). Also, Arnold et al. (22) showed that 
exposure to pure HCl results in four different enamel 
etching patterns, and the depth of the surface layer 
was dependent upon the etching time. Our research 
showed that the degree of destruction of central 
prism parts varied depending on location, whereby 
the most prominent changes were observed in the 
vicinity of cement-enamel junctions. In the present 
study, samples immerged in orange juice showed 
atypical etching, which is referred to as type 4 in the 
literature. (26). 

In the current study, surface roughness was 
measured using a stylus profilometer that overhangs 
across the surface of the object, registering all of the 
unevenness at a certain measuring length (17, 27, 
28, 29, 30). According to some literature data stylus 
profilometry shows some disadvantages (the risk of 
the diamond tip causing damage to the specimens, 
inability to detect valleys which are narrower than 
the stylus tip) but nevertheless this technique has a 
high degree of precision (31). Moreover, the current 
national standards on measuring surface texture are 
defined using stylus profilometry (11, 31, 32). 

In a number of studies (28, 29), a difference 
in the surface roughness of the samples examined 
on various erosive challenges was determined only 
on the basis of the Ra parameter, where valid 
conclusions were drawn. The present study showed 
that this parameter was statistically significantly 
different among all the tested samples. Likewise, all 
samples of the experimental groups were also 
different from the control samples according to the 
SEM analysis and after analysis of the Ra parameter. 

According to the latest literature data, the Ra 
parameter provides no information on the 
characteristics of surface irregularities, whereby both 
maximal and minimal irregularities may show the 
same Ra values (31, 34). Therefore, this research 
also included an ultramicroscopic analysis in order to 
obtain more precise results. 

Braga et al. (10) showed that the enamel 
surface after orange juice had a generalized surface 
roughening with no apparent evidence of a prism 
pattern, and the surface was not completely etched. 
The same authors used atomic emission and FT 
Raman spectroscopy to analyze the mineral content 
of enamel after exposure to gastric and orange 
juice, and they determined that gastric juice has a 
higher erosive potential than orange juice. Our 
research analyzed surface roughness of enamel 
using stylus profilometry following the exposure to 
the same acidic solutions, as well as to Coca-Cola. It 
has been determined that gastric juice has a higher 
erosive effect on the enamel, which is in accordance 
to the results of the mentioned authors. Roughness 
parameter showed that, after exposure to gastric 

juice, the enamel surface had prominent 
unevenness of the surface which was statistically 
significant compared to the surface texture of 
samples exposed to Coca-Cola and orange juice.  

According to information from the 
manufacturers, Coca-Cola contains phosphoric acid, 
compared to citric acid,phosphoric acid is stronger 
(33). The effect of phosphoric acid results in a 
superficial etched zone which might be permanently 
lost from the tooth surface (26). On the other hand, 
citric acid may act as a chelator capable of binding 
the calcium from enamel or dentine, thus increasing 
the degree of undersaturation and favoring 
demineralization (35,36). 

In our previous study the erosive potential of 
various soft drinks was examined by measuring 
initial pH and titratable acidity and enamel surface 
roughness using different exposure times. It was 
found that Coca-Cola had the highest erosive 
potential in the shortest time interval exposure (15 
min), although it had the lowest titratable acidity 
(4). These results are in accordance with literature 
data which show that cola-based drinks have a 
higher erosive potential than orange juices 
immediately after exposure (12). Profilometric 
parameters have demonstrated that pure orange 
juice causes greater enamel erosion during longer 
exposures. A statistically significant lower degree of 
roughness compared to Coca-Cola in shorter 
exposure can be explained by higher initial pH in 
orange juice compared to Coca-Cola (3.73 vs. 2.67) 
(4). 

In the current study, gastric juice was 
significantly more erosive to enamel than Coca-Cola 
and orange juice, and Coca-Cola is more erosive 
than orange juice. Other studies attest that gastric 
juice (aspirated from patients undergoing 
endoscopy) has a greater potential for erosion than 
orange juice (10) and carbonated drinks (Bartlett 
and Coward, 2001). Results by Bartlett and Coward 
reflect the lower pH and titratable acidity of gastric 
juice compared with the carbonated drink. If this 
result is extrapolated to the clinical situation, it 
confirms the suspicion that gastric juice has the 
potential to produce the severe pattern of erosion 
found in patients with eating disorders and reflux 
disease (9). 

 
Conclusion 
 

Despite the limitations characteristic of in 
vitro studies, it can be concluded that experimental 
erosion model of enamel surface exposed to Coca-
Cola and artificial gastric juice shows type 1 acidic 

erosion (honeycomb appearance) by SEM analysis. 
Degree of destruction of central prism parts varied 
depending on location, whereby the most prominent 
changes were observed in the vicinity of cement-
enamel junctions. Ultrastructural experimental 
model of enamel surface erosion after exposure to 
orange juice demonstrates atypical etching with no 

apparent evidence of a prism pattern. Profilometric 
parameter Ra was significantly increased for 
samples immersed in gastric juice compared to 
samples immersed in Coca-Cola and orange juice, 
as well as in samples with Coca-Cola-erosion 



 

 

compared with orange juice-erosion. The results of 

this study point to a higher erosive potential of 

gastric juice, compared to Coca-Cola and orange 

juice, with the most intense morphological changes 

and the highest roughness on the enamel surface. 

 
 
 
 
 

 
 
 
 
 
 
 

References 
 
 
 
 
 

1. Ganss C. Definition of erosion and links to tooth wear. 
Monogr Oral Sci 2006; 20: 9-16. [CrossRef][PubMed] 

2. Lussi A, Megert B, Shellis RP, Wang X. Analysis of the 
erosive effect of different dietary substances and 
medications. Br J Nutr 2012; 107(2): 252-62. 
[CrossRef][PubMed] 

3. Buczkowska-Radlinska J, Lagocka R, Kaczmarek W, 
Gorski M, Nowicka A. Prevalence of dental erosion in 
adolescent competitive swimmers exposed to gas-
chlorinated swimming pool water. Clin Oral Investig 
2013; 17(2): 579-83. [CrossRef][PubMed] 

4. Barac R, Gasic J, Trutic N, Sunaric S, Popovic J, Djekic, 
et al. Erosive Effect of Different Soft Drinks on Enamel 
Surface in vitro: Application of Stylus Profilometry. 
Med Princ Pract 2015; 24(5): 451-7.  
[CrossRef][PubMed] 

5. Zimmer S, Kirchner G, Bizhang M, Benedix M. 
Influence of various acidic beverages on tooth erosion. 
Evaluation by a new method. PloS One 2015; 10(6): 
e0129462. [CrossRef][PubMed] 

6. Ostrowska A, Szymanski W, Kolodziejczyk L, Bołtacz-
Rzepkowska E. Evaluation of the Erosive Potential of 
Selected Isotonic Drinks: In Vitro Studies. Adv Clin 
Exp Med 2016; 25(6): 1313-9. [CrossRef][PubMed] 

7. Lussi A, Schlueter N, Rakhmatullina E, Ganss C. 
Dental Erosion - an overview with emphasis on 
chemical and histopathological aspects. Caries Res 
2011; 45(suppl 1): 2-12. [CrossRef][PubMed] 

8. Moazzez R, Bartlett D. Intrinsic causes of erosion. 
Monogr Oral Sci 2014; 25: 180-196. 
[CrossRef][PubMed] 

9. Bartlett DW, Coward PY. Comparison of the erosive 
potential of gastric juice and a carbonated drink in 
vitro. J Oral Rehabil 2001; 28(11): 1045–47. 
[CrossRef][PubMed] 

10. Braga SRM, Faria DLA, Oliveira E, Sobral MAP. 
Morphological and mineral analysis of dental anamel 
after erosive challenge in gastric juice and orange 
juice. Microsc Res Techniq 2011; 4(12): 1083-7. 
[CrossRef][PubMed] 

11. Mann C, Ranjitkar S, Lekkas D, Hall C, Kaidonis J, 
Townsend G, et al. Three-dimensional profilometric 
assessment of early enamel erosion simulating gastric 
regurgitation. J Dent 2014; 42(11): 1411-21. 
[CrossRef][PubMed] 

12. Jensdottir T, Holbrook P, Nauntofte B, Buchwald C, 
Bardow A. Immediate erosive potential of cola drinks 
and orange juices. J Dent Res 2006; 85(3): 226-30. 
[CrossRef][PubMed] 

13. Haghgou HR, Haghgoo R, Asdollah FM. Comparison of 
the microhardness of primary and permanent teeth 

after immersion in two types of carbonated 
beverages. J Int Soc Prev Community Dent 2016; 
6(4): 344-8. [CrossRef][PubMed] 

14. Ranjitkar S, Kaidonis J A, Smales R J. 
Gastroesophageal reflux disease and tooth erosion. Int 
J Dent 2012; 2012: 479850. [PubMed] 

15. Stojšin I, Brkanić T, Živković S. The Effect of Gastric 
Juice on the Development of Erosive Changes in Hard 
Dental Tissue  Srp Arh Celok Lek 2014; 142(7-8): 
413-8. [PubMed] 

16. Dorceli Jdos R, Faraoni JJ, Pereira-da-Silva MA, Palma-
Dibb RG. Analysis of the Early Stages and Evolution of 
Dental Enamel Erosion. Braz Dent J 2016; 27(3): 313-
7. [CrossRef][PubMed] 

17. Heurich E, Beyer M, Jandt KD, Reichert J, Herold V, 
Schnabelrauch M, et al. Quantification of dental 
erosion-a comparison of stylus profilometry and 
confocal laser scanning microscopy (CLSM). Dent 
Mater 2010; 26(4): 326-36. [CrossRef][PubMed] 

18. Stefaniak AB, Virji MA, Harvey CJ, Sbarra DC, Day GA, 
Hoover MD. Influence of artificial gastric juice 
composition on bioaccessibility of cobalt- and 
tungsten-containing powders. Int J Hyg Environ 
Health 2010; 213(2):107-15. [CrossRef][PubMed] 

19. Jiang J, Park NJ, Hu S, Wong DT: A universal 
preanalytic solution for concurrent stabilization of 
salivary proteins, RNA and DNA at ambient 
temperature. Arch Oral Biol 2009; 54(3): 268–73. 
[CrossRef][PubMed] 

20. Korkut DS, Korkut S, Bekar I, Budakçi M, Dilik T, 
Çakicier N. The effects of heat treatment on the 
physical properties and surface roughness of Turkish 
Hazel (Corylus colurna L.) wood. Int J Mol Sci 2008; 
9(9): 1772-83. [CrossRef][PubMed] 

21. Turssi CP, Vianna LM, Hara AT, do Amaral FL, França 

FM, Basting RT. Counteractive effect of antacid 
suspensions on intrinsic dental erosion. Eur J Oral Sci 
2012; 120(4): 349-52. [CrossRef][PubMed] 

22. Arnold WH, Haddad B, Schaper K, Hagemann K, 
Lippold C, Danesh G. Enamel surface alterations after 
repeated conditioning with HCl. Head Face Med 2015; 
11:32. [CrossRef][PubMed] 

23. Alves Mdo S, Mantilla TF, Bridi EC, Basting RT, França 
FM, Amaral FL, Turssi CP. Rinsing with antacid 
suspension reduces hydrochloric acid-induced erosion. 
Arch Oral Biol 2016; 61: 66-70.  [CrossRef][PubMed] 

24. Oliveira GC, Tereza GPG, Boteon AP, Ferrairo BM, 
Goncalves PBS, Silva TCD, et al. Susceptibility of 
bovine dental enamel with initial erosion lesion to new 
erosive challenges. PLos One 2017; 12(8): e0182347. 
[CrossRef][PubMed] 

https://doi.org/10.1159/000093344
https://www.ncbi.nlm.nih.gov/pubmed/16687881
http://www.ncbi.nlm.nih.gov/pubmed?term=Lussi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21733310
http://www.ncbi.nlm.nih.gov/pubmed?term=Megert%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21733310
http://www.ncbi.nlm.nih.gov/pubmed?term=Shellis%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=21733310
http://www.ncbi.nlm.nih.gov/pubmed/?term=Analysis+of+the+erosive+effect+of+different+dietary+substances+and+medications
https://doi.org/10.1017/S0007114511002820
https://www.ncbi.nlm.nih.gov/pubmed/21733310
https://doi.org/10.1007/s00784-012-0720-6
https://www.ncbi.nlm.nih.gov/pubmed/22476450
https://doi.org/10.1159/000433435
https://www.ncbi.nlm.nih.gov/pubmed/26111496
https://doi.org/10.1371/journal.pone.0129462
https://www.ncbi.nlm.nih.gov/pubmed/26035729
https://doi.org/10.17219/acem/62323
https://www.ncbi.nlm.nih.gov/pubmed/28028987
https://doi.org/10.1159/000325915
https://www.ncbi.nlm.nih.gov/pubmed/21625128
https://doi.org/10.1159/000360369
https://www.ncbi.nlm.nih.gov/pubmed/24993266
https://doi.org/10.1046/j.1365-2842.2001.00780.x
https://www.ncbi.nlm.nih.gov/pubmed/11722721
https://doi.org/10.1002/jemt.20998
https://www.ncbi.nlm.nih.gov/pubmed/21538693
https://doi.org/10.1016/j.jdent.2014.06.011
https://www.ncbi.nlm.nih.gov/pubmed/24995810
https://doi.org/10.1177/154405910608500304
https://www.ncbi.nlm.nih.gov/pubmed/16498068
https://doi.org/10.4103/2231-0762.186803
https://www.ncbi.nlm.nih.gov/pubmed/27583223
https://www.ncbi.nlm.nih.gov/pubmed/22194748
https://www.ncbi.nlm.nih.gov/pubmed/25233684
https://doi.org/10.1590/0103-6440201600667
https://www.ncbi.nlm.nih.gov/pubmed/27224566
https://doi.org/10.1016/j.dental.2009.12.001
https://www.ncbi.nlm.nih.gov/pubmed/20047756
https://doi.org/10.1016/j.ijheh.2009.12.006
https://www.ncbi.nlm.nih.gov/pubmed/20096630
https://doi.org/10.1016/j.archoralbio.2008.10.004
https://www.ncbi.nlm.nih.gov/pubmed/19047016
http://www.ncbi.nlm.nih.gov/pubmed?term=Korkut%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=19325831
http://www.ncbi.nlm.nih.gov/pubmed?term=Bekar%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19325831
http://www.ncbi.nlm.nih.gov/pubmed/?term=the+effect+of+heat+treatment+on+the+physical+properties+and+surface+roughness+of+turkish+hazel
https://doi.org/10.3390/ijms9091772
https://www.ncbi.nlm.nih.gov/pubmed/19325831
https://doi.org/10.1111/j.1600-0722.2012.00972.x
https://www.ncbi.nlm.nih.gov/pubmed/22813226
https://doi.org/10.1186/s13005-015-0089-2
https://www.ncbi.nlm.nih.gov/pubmed/26407628
https://doi.org/10.1016/j.archoralbio.2015.10.014
https://www.ncbi.nlm.nih.gov/pubmed/26519789
https://doi.org/10.1371/journal.pone.0182347
https://www.ncbi.nlm.nih.gov/pubmed/28817591


 

 

25. Colombo M, Beltrami R, Rattalino D, Mirando M, 
Chiesa M, Poggio C. Protective effects of a zinc-
hydroxyapatite toothpaste on enamel erosion: SEM 
study. Ann Stomatol (Roma) 2017; 7(3): 38-45. 
[PubMed] 

26. Carstensen W. The effects of different phosphoric acid 
concentrations on surface enamel. Angle Orthod 
1992; 62: 51-8. [PubMed] 

27. Fujii M, Kitasako Y, Sadr A, Tagami J. Roughness and 
pH changes of enamel surface induced by soft drinks 
in vitro-applications of stylus profilometry, focus 
variation 3D scanning microscopy and micro pH 
sensor. Dent Mater J 2011; 30(3): 404–10. 
[CrossRef][PubMed] 

28. Passos VF, Melo MA, Vasconcellos AA, Rodrigues LK, 
Santiago SL. Comparison of methods for quantifying 
dental wear caused by erosion and abrasion. Microsc 
Res Tech 2013; 76(2): 178-83. [CrossRef][PubMed] 

29. Paepegaey AM, Barker ML, Barlett DW, Mistry M, West 
NX, Hellin N, et al. Measuring enamel erosion: a 
comparative study of contact profilometry, non-
contact profilometry and confocal laser scanning 
microscopy. Dent Mater 2013; 29(12): 1265-72. 
[CrossRef][PubMed] 

30. Gyurkovics M, Baumann T, Calvalho TS, Assuncao CM 
Lussi A. In vitro evaluation of modified surface 
microhardness measurement, focus variation 3D 
microscopy and contact stylus profilometry to assess 
enamel surface loss after erosive–abrasive challenges. 
PloSOne 2017; 12(4): e0175027. [CrossRef][PubMed] 

31. Field J, Waterhouse P, German M: Quantifying and 
qualifying surface changes on dental hard tissue in 
vitro. J Dent 2010; 38(3): 182-90. 
[CrossRef][PubMed] 

32. International Standards Organisation. Geometrical 

product specifications (GPS). Surface texture: profile 
method; measurement standards. Geometric product 
specifications (GPS). Surface texture. Profile method 
calibration. Measurement standards. [Internet]. 
[updated 2017 Nov]. Available from: URL: 
https://www.iso.org/obp/ui/#iso:std:iso:25178:-
701:ed-1:v1:en.  

33. Lussi A, Jaeggi T. Erosion--diagnosis and risk factors. 
Clin Oral Investig 2008; 12 Suppl 1: S5-13. 
[CrossRef][PubMed] 

34. Ren YF, Zhao Q, Malmstrom H, Barnes V, Xu T. 
Assessing fluoride treatment applications of focus 
variation 3D scanning microscopy and stylus 
profilometry. J Dent 2009; 37(3): 167-76. 
[CrossRef][PubMed] 

35. Wang YL, Chang CC, Chi CW, Chang HH, Chiang YC, 
Chuang YC, et al. Erosive potential of soft drinks on 
human enamel: An in vitro study. J Formos Med Assoc 
2014; 113(11): 850-6. [CrossRef][PubMed] 

36. West NX, Hughes JA, Addy M. The effect of pH on the 
erosion of dentine and enamel by dietary acids in 
vitro. J Oral Rehabil 2001; 28(9): 860-4. 
[CrossRef][PubMed] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/28149449
https://www.ncbi.nlm.nih.gov/pubmed/1554164
https://doi.org/10.4012/dmj.2010-204
https://www.ncbi.nlm.nih.gov/pubmed/21597209
http://www.ncbi.nlm.nih.gov/pubmed?term=Passos%20VF%5BAuthor%5D&cauthor=true&cauthor_uid=23129538
http://www.ncbi.nlm.nih.gov/pubmed?term=Melo%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=23129538
http://www.ncbi.nlm.nih.gov/pubmed?term=Vasconcellos%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=23129538
https://doi.org/10.1002/jemt.22150
https://www.ncbi.nlm.nih.gov/pubmed/23129538
https://doi.org/10.1016/j.dental.2013.09.015
https://www.ncbi.nlm.nih.gov/pubmed/24209832
https://doi.org/10.1371/journal.pone.0175027
https://www.ncbi.nlm.nih.gov/pubmed/28380015
https://doi.org/10.1016/j.jdent.2010.01.002
https://www.ncbi.nlm.nih.gov/pubmed/20079800
https://www.iso.org/obp/ui/#iso:std:iso:25178:-701:ed-1:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:25178:-701:ed-1:v1:en
https://doi.org/10.1007/s00784-007-0179-z
https://www.ncbi.nlm.nih.gov/pubmed/18228059
https://doi.org/10.1016/j.jdent.2008.09.008
https://www.ncbi.nlm.nih.gov/pubmed/19124187
https://doi.org/10.1016/j.jfma.2014.06.002
https://www.ncbi.nlm.nih.gov/pubmed/25001324
https://doi.org/10.1046/j.1365-2842.2001.00778.x
https://www.ncbi.nlm.nih.gov/pubmed/11580825


 

 

 

Originalni rad UDC: 616.314:663.8 

doi:10.5633/amm.2018.0304 

 
 

 
 

 
EVALUACIJA HRAPAVOSTI I MORFOLOŠKIH PROMENA NA GLEĐNOJ 

POVRŠINI POSLE IZLOŽENOSTI COCA-COLI, SOKU OD NARANDŽE I 

VEŠTAČKOM ŽELUDAČNOM SOKU: IN VITRO STUDIJA 
 

 
Radomir Barac1, Jovanka Gasić1,2, Jelena Popović1,2, Aleksandar Mitić1,2,  

Goran Radenković3, Milena Potić-Floranović4, Marija Nikolić1,2, Nenad Stosić1 

 

 
1Univerzitet u Nišu, Medicinski fakultet, Departman za bolesti zuba i endodonciju, Niš, Srbija  
2Stomatološka klinika, Niš, Srbija 
3Univerzitet u Nišu, Mašinski fakultet, Katedra za proizvodno-informacione tehnologije, Niš, Srbija 
4Univerzitet u Nišu, Medicinski fakultet, Naučnoistraživački centar za biomedicinu, Niš, Srbija 

 

 

Kontakt: Radomir Barac  

Bulevar dr Zorana Đinđića 52, 18000 Niš, Srbija  
E-mail:barac_radomir@hotmail.com 
 

 
Erozija zuba je patološki gubitak tvrdih zubnih struktura izazvan spoljašnjim i 

unutrašnjim kiselinama, bez učešća bakterija. Ova in vitro studija je imala za cilj da proceni i 
uporedi morfologiju i površinsku hrapavost gleđi nakon erozivnog izazova nekih eksternih i 
internih kiselih supstanci kao što su: Coca-Cola, sok od narandže i veštački želudačni sok. 

 
Uzorci gleđi (n = 48), dobijeni ekstrakcijom humanih trećih molara, podvrgnuti su 

erozivnom izazovu veštačkog želudačnog soka i komercijalno dostupnih bezalkoholnih pića 
(Coca-Cola i sok od narandže) uranjanjem u 50 ml kiselog rastvora u trajanju od 15 min, tri 
puta dnevno, tokom 10 dana. Između potapanja, uzorci su držani u filtriranoj pljuvački. 
Dvadeset i četiri uzorka su pripremljena za analizu površinske morfologije korišćenjem 
skening-elektronskog mikroskopa i 24 za analizu Ra-parametra hrapavosti (korišćenjem 
stylus profilometra sa dijamanskom iglom), uključujući i 12 kontrolnih uzoraka (koji nisu 
podvrgnuti proceduri erozije). Rezultati površinske hrapavosti su analizirani pomoću one-way 
ANOVA Student-Newman-Keuls post hoc testa. 

 
Ultrastrukturna analiza površine gleđi posle potapanja u Coca-Colu i želudačni sok je 

pokazala tip 1 model nagrizanja sa tipičnom honeycomb strukturom. Nespecifičan morfološki 
model je ustanovljen nakon erozivnog izazova sokom od narandže. Profilometrijski parametar 
Ra je značajno povećan kod uzoraka potopljenih u želudačni sok u poređenju sa uzorcima 
izloženim Coca-Coli i soku od narandže, kao i u uzorcima sa Coca-Cola-erozijom u poređenju 
sa erozijom izazvanom sokom od narandže. Želudačni sok je pokazao veći erozivni potencijal 
u odnosu na Coca-Colu i sok od narandže, sa najintenzivnijim morfološkim promenama i 
najvećom hrapavošću na  površini gleđi. 
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Ključne reči: gleđna erozija, bezalkoholna pića, želudačni sok, SEM, površinska 
hrapavost 


