
 

 
Australian Journal of Basic and Applied Sciences 

2019 February; 13(2): pages 27-35 
              DOI: 10.22587/ajbas.2019.13.2.4 
Original paper                                                                                                                                        AENSI Publications 

Journal home page: www.ajbasweb.com 

 

Australian Journal of Basic and Applied Sciences 

ISSN: 1991-8178, EISSN: 2309-8414  

Microanalysis and Scanning Electron Microscopic Study of Resin 

Infiltration and Fluoride Varnish on Early Proximal Caries Lesions 
 

Shimaa T. Ibrahim,
1
 Hisham I. Othman,

2
 Adel M. Abdel-Azim,

2
 Wael Elias,

2
 Aliaa O. Lotfy

2
, Rita M. 

Khounganian
3
 

 

1Faculty of Dentistry, King Abdulaziz University, Kingdom of Saudi Arabia 
2Department of Oral Diagnostic Sciences, Faculty of Dentistry, King Abdulaziz University 
3Department of Oral Medicine and Diagnostic Sciences, College of Dentistry, King Saud University, Kingdom of Saudi Arabia 

 

Correspondence Author: Hisham I. Othman, Department of Oral Diagnostic Sciences, Faculty of Dentistry, King Abdulaziz University. 

E-mail:- hothman@kau.edu.sa 

 

Received date: 10 January 2019, Accepted date: 25 February 2018, Online date: 28 February 2019 

 

Copyright: © 2019 Shimaa T. Ibrahim et al, This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Keywords: Icon
®

, Duraphat fluoride varnish, artificial caries, energy-dispersive X-ray spectroscopy, scanning electron 

microscopy. 

 

INTRODUCTION 

 

 The management of incipient caries lesions is a promising subject in modern dentistry. A recent approach for treating non-

cavitated caries relies principally on deep resin infiltration by providing a strong mechanical bonding with the demineralized 

enamel surface and obliterating microporosities on the surface of the affected enamel. Hence, this kind of treatment can arrest the 

progression of carious lesions and decrease the incidence of recurrent caries (Kielbassa et al., 2011, Kielbassa et al.,2009, Paris et 

al.,2007). In general, remineralization is a procedure where calcium and phosphate ions are deposited into the tooth’s 

demineralized enamel crystal spaces, thus creating a maximum mineral level (Cochrane et al., 2011), a procedure where it can be 

applied especially in the early proximal caries lesions where it can be arrested by an improvement of the patients’ oral hygiene 

and the use of fluorides (Kielbassa et al., 2006). 

 Several non-invasive techniques have been developed to treat early caries lesions (Doméjean et al., 2015) 
 
such as fluoride 

application, which improves the re-mineralization process of the demineralized tooth structure (Tenuta et al., 2009). It was 

reported that the application of Duraphat fluoride varnish twice per year at 6-month intervals significantly reduces the incidence of 

proximal caries (Bergström et al., 2014). Another approach for the prevention and treatment of early enamel proximal caries 

developed in Germany is resin infiltration (Kielbassa et al., 2006). With its low viscosity, the resin penetrates the porosities of the 

Abstract 
 
Objectives: This study aimed to evaluate the effect of resin infiltration, fluoride varnish, and a combination of 
fluoride and resin infiltration after the induction of caries-like lesions on extracted human premolars. 
Material and methods: Sixty extracted human premolars for orthodontic reasons were sectioned in a buccolingual 
direction into two halves using isomet low speed saw, creating 120 specimens in total. Each specimen was 
immersed in demineralizing solution for 4 days to induce caries-like lesion then thermocycled in artificial saliva. 
Only teeth with International Caries Detection and Assessment System code 2 were selected. The specimens were 
randomly assigned into four groups, Group A (control n=30), Group B (treated with Infiltration Concept [Icon®]; n = 
30), Group C (treated with Icon® + Duraphat fluoride; n = 30), Group D (treated with Duraphat fluoride; n = 30). All 
groups were examined by scanning electron microscopy and energy-dispersive X-ray spectroscopy. The data were 
analyzed using SPSS and R.  
Result: In group A (Control), the enamel surface showed irregular pitted rough surface with multiple superficial 
cavities with different etching patterns.  In Group B (Infiltration Concept [Icon®]), the enamel surface showed 
partial blockage of the enamel rods with resin infiltration and irregular surface, whereas in Group C (Icon®+ 
Duraphat fluoride) the surface was homogeneous with the presence of a hypermineralized layer and complete 
obliteration of the microporosities. In Group D (Duraphat fluoride), the surfaces were rough and partially blocked 
with fluorapatite crystals. Elemental analysis revealed significant calcium and phosphorus levels in Group B in 
comparison with the other groups. 
Conclusion: A combination of resin infiltration and fluoride varnish were efficacious in the treatment of early 
proximal lesions by improving the surface texture and achieving significant remineralization of the tooth surface. 
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lesions, making it superior to the former technique that depends on sealing the occlusal lesions with sealing materials (Kielbasa et 

al., 2017). 

 The superficial sealing of caries lesion is introduced as a safe method for controlling caries progression in non-cavitated 

enamel caries (Meyer-Lueckel et al., 2008 and Anauate-Netto et al., 2017). On the other hand, it presents drawbacks such as 

difficulty in retention and high flowability when applied; in addition, this technique requires a smooth proximal surface 

(Schmidlin et al., 2006). Initial caries is made of several layers, which each one possessing different pore volumes. The superficial 

zone has a low pore volume, whereas the body of the carious lesion zone has a pore volume of 25%.  The translucent zone, found 

deep in the lesion, has a pore volume of 1%, which is higher than the pore volume in normal enamel (0.1%) (Arnold and 

Gaengler, 2015). A method of treating caries has been introduced that uses low viscosity resin infiltration materials to infiltrate the 

different zones of carious lesions and fill the pores of early interproximal caries (Paris et al., 2013; Meyer-Lueckel, and Paris, 

2008). The Infiltration Concept (Icon
®
) is used to treat early proximal caries lesions because it depends on a micro-invasive 

infiltration technology and requires only one visit to control enamel caries progression. In addition, it removes the white spots in 

early caries lesions (Kielbassa et al., 2009). Many laboratory experiments have investigated the efficacy of the resin infiltration in 

penetrating and infiltrating artificial caries lesions. They found that teeth treated with resin infiltration were more resistant to 

caries progression and had a better prognosis compared with non-treated teeth (Meyer-Lueckel et al., 2006).  

 Scanning electronic microscopy (SEM) combined with energy-dispersive X-ray spectroscopy (EDS) is an effective method to 

examine the surface changes in incipient caries in vitro and mineral distribution after resin infiltration and fluoride application 

(Worawongvasu, 2015). Energy-dispersive X-ray spectroscopy (EDS) was performed in combination with SEM. The EDS 

scatters the X-ray energy spectrum with enough sensitivity to show X-ray spectral data. Its effectiveness is derived from the fact 

that each element has a unique atomic structure that is captured as a set of peaks in its X-ray emission spectrum. It is an 

explanatory procedure utilized for chemical and elemental analysis that provides a full quantitative analysis of the sample 

composition (Kodaka and Debari, 2002). 

This work aimed to study the effect of resin infiltration, Duraphat fluoride varnish, and the combination of Duraphat fluoride and 

resin infiltration on early proximal caries lesions of extracted human young premolar teeth in vitro using scanning electron 

microscopy (SEM) combined with energy-dispersive X-ray spectroscopy (EDS). 

 

MATERIALS AND METHODS 

 

Materials 
Study Sample: 60 human permanent premolar teeth from children between the ages of 12 and 16 years were collected from the 

orthodontic clinics of the Faculty of Dentistry, King Abdulaziz University. The selected teeth were extracted due to orthodontic 

reasons. The Ethics Research Committee of the Faculty of Dentistry at King Abdulaziz University granted ethical approval, 

No.029-02-18 

Inclusion and Exclusion Criteria: Young permanent premolar teeth with no incipient caries, enamel cracks, or caries cavities 

were included in this study. Teeth that were carious, badly distorted, or fractured with anomalies were excluded from the study.  

Grouping: The teeth were sectioned into two halves, thereby creating 120 specimens in total. The specimens were randomly 

divided into four equal groups according to the method of treatment (or material used): Group A: (control) comprised 30 

specimens.  Group B comprised 30 specimens treated with resin infiltration (Icon
®
 Infiltration Kit; DMG, (Chemisch-

Pharmazeutische Fabrik, Germany); Group C comprised 30 specimens treated with resin infiltration followed by Duraphat 

fluoride varnish; and Group D comprised 30 specimens treated with Duraphat fluoride varnish (GABA, Germany) 5% sodium 

fluoride. 

 

Methods 

 The collected teeth were stored in 2.5% glutaraldehyde in phosphate buffer (pH 7.3) for 24 hours and washed three times with 

phosphate buffer. Using an IsoMet
TM

 low-speed saw (IsoMet
TM

 Low-speed Saw, Buehler, a division of Illinois Tool Works Inc, 

USA), each tooth was cross-sectioned at the cervical line. Then, the crown was sectioned in a buccolingual direction into two 

halves (mesial and distal) and each half of the same tooth was assigned to a different group. Consequently, 60 teeth created 120 

specimens in total. Thereafter, all tooth surfaces were covered with an acid-resistant varnish, except for the proximal surfaces that 

were exposed to the assigned treatment. A demineralizing solution (2.2 mM KH2PO4, 50 mM acetic acid, and 2.2 mM CaCl2 with 

pH equal to 4.5), was used for inducing caries-like lesions by immersing the specimens in the solution for 4 days (Ten Cate and 

Duijsters, 1982). During the period of demineralization, the specimens were evaluated every 24 hours and the pH level was 

checked using a bench pH meter. The specimens were washed with deionized water and evaluated for caries detection. The 

desired level of demineralization was equivalent to score 2 according to the International Caries Detection and Assessment 

System (ICDAS) which is described as distinct visual changes in enamel visible when the tooth is wet and dry (Pitts N. 2004). 

Specimens were randomly selected and allocated to the following four treatment groups: 

Grouping: Group A received no treatment and acted as a control group. Group B was treated with resin infiltration, Group C was 

treated with Duraphat fluoride varnish and resin, and group D was treated with Duraphat fluoride varnish only. The resin 

application was performed according to the manufacturer’s instructions. The specimens were placed in artificial saliva (20 

mmol/L NaHCO3, 3 mmol/L NaH2PO4.H2O, and 1 mmol/L CaCl2.2 H2O) for a two-week aging period. The aging medium was 

maintained at a pH of 7.0 and changed every 48 hrs. to avoid saturation of the solution. Thermocycling followed in 5°C and 55°C 

distilled water for 1000 cycles with a dwell time of 30 sec and a transfer time of 15 sec. 

(Al-Helal et al., 2003). All specimens were fixed in 2.5% glutaraldehyde in phosphate buffer (pH 7.3) for 24 hours. Next, 

phosphate buffer was used to wash the specimens thrice before dehydrating them in a graded series of aqueous–ethanol solutions 
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for 10 minutes each. They were mounted on stubs and sputtered with gold coating. The surface morphology of the examined areas 

of the different groups was observed by scanning electron microscope operated at a frequency of 20 kV; afterward, the same areas 

were examined using the energy-dispersive analyzer unit (Oxford, Instruments, X-Max N, 20). Five readings had been recorded 

from each area for statistical analysis. 

 

Statistical Analysis: 

 Data were collected and tabulated using Microsoft Excel
®
 2007 and then statistically analyzed using SPSS

®
 version 18 and 

“R” (R Core Team, 2017; R Foundation for Statistical Computing, Vienna, Austria; https://www.R-project.org/) utilizing Rcmdr 

as the GUI front end. Scientific data visualization and graphs were made by QtiPlot https://www.qtiplot.com/index.html)
.
 One-

way ANOVA was performed to examine the effect of different treatment modalities on changes in elemental analysis of early 

proximal lesions. Post-hoc multiple comparisons were carried out using the Tukey test. All statistical analyses were performed at 

the level of significance alpha = 0.05. 

 

RESULTS 

 

Energy-dispersive X-ray analysis 

 Statistical analysis of the various elements of the enamel surfaces with caries-like lesions using energy-dispersive 

spectrometry after different treatment modalities yielded variable results among the three groups regarding the concentrations of 

calcium, phosphorus, fluoride, magnesium, and sodium. 

 

Comparison of various groups regarding the studied elements 

 Multiple comparisons for the levels of various elements among the four experimental groups were performed, and the results 

are shown in the table (1) and figure (1)  

 

Table 1: Mean, standard error, and pair-wise ANOVA test for the differences between groups regarding the calcium, fluoride, 

magnesium, sodium and phosphorus levels 

     
p-value (pair-wise test, Tukey method) 

 
Groups Mean SE Sg Group-B Group-C Group-D 

Calcium 

Group-A 19.34 2.63 a 0.929 < 0.001 0.0162 

Group-B 21.59 3.19 ab 
 

< 0.001 0.0743 

Group-C 42.64 2.68 c 
  

0.012 

Group-D 30.79 1.81 b 
   

Fluorides 

Group-A 41.41 3.47 a 0.972 0.0181 0.0303 

Group-B 43.45 3.39 ab 
 

0.0551 0.0857 

Group-C 55.66 3.58 b 
  

0.9975 

Group-D 54.77 2.74 b 
   

Magnesium 

Group-A 5.71 2.31 a 
   

Group-B 8.12 3.07 a 
   

Group-C 7.95 3.82 a 
   

Group-D 4.12 1.48 a 
   

Sodium 

Group-A 8.23 2.44 a 
   

Group-B 7.68 2.88 a 
   

Group-C 5.17 1.94 a 
   

Group-D 8.27 2.90 a 
   

Phosphorus 

Group-A 29.87 2.92 a 0.30698 0.00106 0.99379 

Group-B 23.84 2.30 a 
 

< 0.001 0.19596 

Group-C 43.60 2.15 b 
  

0.00242 

Group-D 30.76 2.28 a 
   

Rows with different letters related to each element are statistically significant at the level of alpha <=0.05 
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Figure 1: Correlation matrix for calcium, fluoride, magnesium, sodium, and phosphorus levels (Pearson’s correlation).  

 

 

Calcium 

 Calcium levels were 19.34±2.63, 21.59±3.19, 42.64±2.68 and 30.79±1.81 in group-A, group-B, group-C, and group-D 

respectively. These levels were significantly different at the level of alpha = 0.05. The highest level was noted in group-C and the 

lowest level was in group-A. 

 

Fluorides 

 The highest level of fluorides was in group-C (55.66±3.58) followed by group-D (54.77±2.74). The difference between the 

two groups was not significant. The lowest level of fluorides was in group-A (41.41±3.47) which was significantly different from 

group-C and group-D. There were no statistically significant differences between groups-A and B and also between groups-C and 

D. 

 

Magnesium 

 The highest level of magnesium was in group-B (8.12±3.07) followed by group-C (7.95±3.82) and group-A (5.71±2.31) and 

then group-D (4.12±1.48). These values were statistically insignificant. 

 

Sodium 

 The highest level of sodium was in group-D (8.27±2.9) followed by group-A (8.23±2.44) and group-B (7.68±2.88) followed 

by group-C (5.17±1.94). These values were statistically insignificant. 
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Phosphorus 

 The highest level of phosphorus was in group-C (43.6±2.15) followed by group-D (30.76±2.28) followed by group-A 

(29.87±2.92) and group-B (23.84±2.3). Group-B showed a statistically significant difference compared to groups C, while there 

was no statistical difference between groups A, B and D. These data are shown in the table (1). 

 

Correlation Study 

 Pearson’s correlation was performed to correlate the calcium level with other elements in all groups. Results showed that 

calcium and phosphorus levels were positively correlated (R = 0.294) and the correlation was significant (p-value = 0.022). Also, 

the calcium level was positively correlated with fluorides (R = 0.236) but the correlation was insignificant. Other elements showed 

insignificant weak positive or negative correlations with calcium are shown in the table (1) and figure (1). 

 

Scanning Electron Microscope Examination 

 The demineralized proximal enamel surface (Group A- control) after the induction of artificial caries lesions, showed a rough 

pitted surface with multiple cavities of variable depths (Figure 2). After Icon
®
 infiltration (Group B; Figure 3), the demineralized 

enamel surface displayed partial blockage of the enamel rods and obliteration of the micropores with infiltrating resin displaying a 

non-homogenous layer on the enamel surface. Following the application of Icon
®
 and fluoride varnish (Group C; Figure 4), a 

smooth homogenous enamel surface was observed, and the enamel rods were completely covered by a hypermineralized surface 

with a complete absence of the defect areas. Following the application of fluoride varnish (Group D; Figure 5), partial blockage of 

the defect areas with fluorapatite crystals created an irregular, rough, and uneven topography. 

   

 
 

Figure 2: Enamel surface after demineralization (Group A, Control). An irregular pitted, and rough enamel surface with multiple 

craters of variable depths with the destruction of enamel rods and inner rods (X2000; bar = 10 µm). 
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Figure 3: Enamel surface following ICON application (Group B). The surface showing partial blockage of the enamel rods with 

resin infiltration, irregular rough uneven topography. Note the presence of a non- homogenous layer partially covering the enamel 

surface filling the micropores (X2000; bar = 10 µm) 

 

 
Figure 4: Enamel surface following ICON and fluoride application (Group C). The surface is highly smooth and homogeneous. 

The enamel rods have been completely covered with a hypermineralized layer with the absence of the multiple defect areas 

(X2000; bar = 10 µm). 

 

 
Figure 5: Enamel surface following fluoride application (Group D). The surface is showing partial remineralization with blockage 

of the enamel rods with fluorapatite crystals. Note the presence of an irregular, rough, uneven surface (X2000; bar = 10 µm).  

 

DISCUSSION 

 

 With many treatment options currently available, the search for the least invasive yet most effective technique has been the 

main goal in micro-invasive dentistry for many decades. The results of this study showed that the elemental analysis revealed a 

significant difference between the four groups in terms of the amount of mineral content. These findings confirmed previous 

studies that identified modifications in the mineral content of early proximal lesion among the different treatment modalities 

a 
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(Arnold and Gaengler, 2015). The highest of the level of calcium, phosphorus, and fluoride was in group C with a statistically 

significant difference. The use of combined application of resin and fluoride allows the resin to penetrate deeply and fills the 

micropores on the demineralized enamel surface, in addition to the formation of a homogenous hypermineralized layer. In 

concordance with the results of other studies,  it was stated that the use of lowing -viscosity resin infiltrant into non-cavitated 

caries lesions occludes  the micropore structure of the body of the lesion and prevent further demineralization as well as 

strengthening the weakened enamel structure by replacing the lost minerals with resin and elevating the level of minerals in the 

caries lesions (Hosoya et al., 2013 ; Arnold et al., 2013). Inconsistent with the result of other studies
 
(Kielbassa et al., 2009; Askar 

et al., 2015), the fluoride varnish was added on top of infiltrated lesions as Duraphat is considered to be the first-choice treatment 

of superficial caries lesions. Although many studies in the literature investigate the properties of the infiltrant. (Gelani et al., 2014, 

Torres et al., 2012, Mueller et al., 2006). Only a few consider the elemental analysis of the early proximal lesion. In resin 

infiltration Group B, the affected enamel surface showed an irregular, rough non-homogeneous surface with partial blockage of 

the micropores. These findings were similar to Pyne et al.’s study  2009where the surface roughness caused by dental treatments 

was dependent on the materials used. While some dental materials result in a smooth surface, some materials can create a 

relatively rough surface. Rough surfaces have an increased risk of bacterial adhesion and plaque accumulation compared with 

smoother surfaces and, as a result, rougher surfaces increase the risk of demineralization (Ulrich et al., 2015). To reach the highest 

quality of infiltrant resin, two variables were weighted, first, providing maximum penetration of the infiltrant resin into lesions 

(considered an essential factor) and second, low resin viscosity to fill the lesions pores. Other factors that should be considered are 

polymerization shrinkage, radiopacity, high mechanical strength, and method of application (Gurdogan et al., 2017). In the current 

study, the combination of both Duraphat fluoride varnish and Icon
®
 (group C) provided a more homogenous mineralized surface 

with complete obliteration of microporosities of the caries lesions on the enamel surfaces. This type of combination treatment 

provides maximum resistance against the progression of carious lesions (Longbottom et al., 2009). The outstanding function of 

fluoride in dentistry remains effective. Nevertheless, the effects of fluoride to remineralize enamel and secure maximum mineral 

obtain is confined by the bio-availability of calcium and phosphate ions (Reynolds, 2008). If the acid demand on the enamel is 

huge, then the salivary calcium and phosphate storage is rapidly consumed, and a diminishing of enamel mineral takes place 

(Ekstrand et al., 2010 and Meyer-Lueckel et al., 2010). Saliva, gingival fluid, and dissolved tooth minerals are the internal sources 

of calcium and phosphate. The effect of fluoride is controlled by the sum of calcium developed from saliva for achieving full 

remineralization (Watson et al., 2005). The increased adhesion of fluoride in the plaque biofilm was due to expand the 

concentration of calcium by increasing the calcium-bridging (Vicente et al., 2017). Thus, for remineralization to take place during 

the high incidence of caries, an increase in bioavailable calcium and phosphate is essential for enhancing the viability of the agent. 

The macromolecules characteristic in the saliva and plaque can adjust the increased calcium and phosphate level. Accordingly, an 

approach for enhancing the balance of calcium and phosphate stabilization in the oral environment is recommended (Watson et 

al., 2005). During the remineralization/demineralization cycle, the binding of fluoride and hydroxyapatite crystals causes 

decreased crystal solubility and accelerates the level of enamel mineral precipitation (Paris et al., 2012). These previous results 

supported our findings and explained the highest significant elemental analysis levels of calcium, phosphorus, and fluoride after 

treating caries-like lesions in Group C in correlation with the other groups. This is supported by the morphological scanning 

electron micrographs features of Group C which demonstrate clearly the presence of a mineralized layer against caries-like lesions 

on the enamel surface.  It bears to be mentioned that there are two ways for diminishing enamel solubility by the action of 

fluoride. First, it is more stable in the crystal network than in the hydrogen ion. Second, it associates with the calcium ions on the 

surface of the crystal, merging intently and engaging firmly. The impact power of fluoride penetration into the biofilm on the 

tooth surface is based on the sort of fluoridated item and the duration of application (Said et al., 2017). Although the chemical 

model used in this study for inducing caries-like lesions provided the goal to reproduce the oral medium and was sufficient 

enough to achieve the objective of the study, it was lacking the biological aspect of dental caries. Inconsistent with previous 

results, the advantages of chemical models include simplicity of the study, low cost, efficiency (time-saving), reproducibility, and 

stability of the experiment. However, the generated caries is not biological and cannot mimic a carious lesion within the complex 

oral environment. (Yu OY et al., 2017). Researchers should interpret the results and conclusions of these studies with caution. 

There are no specific studies or models that suit all experimental designs. Different models have their own strengths and 

limitations when used for mechanistic studies on demineralization-remineralization. The criteria for selecting a model should 

specifically meet the requirements of the experimental objectives  

 

CONCLUSIONS 

 

 With the restriction of this in vitro study, it can be concluded that the inhibiting effect of caries lesion progression can be 

achieved by the use of the combined technique of infiltrating resin and fluoride varnish in the treatment of early proximal caries 

lesions. It significantly increases the calcium, phosphate and fluoride ions and results in a homogenous smooth mineralized 

enamel surface. Such a combination might be a promising treatment modality for controlling early proximal caries lesion 

progression. 
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