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Abstract 
Aim of study is to compare the effect of etching with ortho-phosphoric acid on sound dentine, affected dentine and sclerotic dentine 
through AFM analysis. Material and Methods. The group study included 30 extracted third molars, 20 with acute and chronic carious 
lesions and 10 intact teeth. Teeth were sectioned in long axe to prepare sections with carious lesions surrounded by sound dentine. 
The sound teeth were sectioned to a depth of dentine comparable with carious lesions depth. The sections were etched with 37% ortho-
phosphoric acid. The surface roughness was determined initially and after etching using AFM analysis. The results were expressed as 
relative variation of squared roughness. Results. The values of relative roughness indices were between 2.78 and 3 for sclerotic dentine, 
3.18 and 3.26 for sound dentine, 3.32 and 3.38 for affected dentine. The highest values of roughness index were recorded for the affected 
dentine samples. Significant statistically values were recorded when comparing relative roughness indices for sclerotic dentine with relative 
roughness indices for affected dentine and sound dentine. Conclusions. Sclerotic dentine has significant higher resistance to the action of 
ortho-phosphoric acid than affected dentine and sound dentine. The lowest resistance to the action of etching agent was recorded for the 
affected dentine. 
Keywords: affected dentine, infected dentine, etching, AFM analysis. 

 Introduction 

The new concepts of modern dental medicine focused 
on less invasive dental treatments, favoring the enamel 
and dentine preservation. The removal of high infected 
humid dentine [1–3] followed by the sterilization and 
remineralization of the affected dentine and perfect seal-
ing of cavity can stop the evolution of carious process 
[4–6]. The removal of dentine partially demineralized 
and with low bacterial concentration, can be considered 
as a removal of relative healthy tissue and can induce 
pulp exposure [7].  

The composite resins are favorite materials for dental 
practicians when carious lesions or non-cariogenic lesi-
ons are treated. Numerous clinical situations are associ-
ated with the necessity to perform adhesion to modified 
dentinal substrate, affecting the long-term clinical per-
formance of composite resins restorations. The morpho-
logy and nature of dentinal surface influence the adhe-
sion process to dentinal hard tissues [8]. The dentine 
adhesion strategy associated with a separate etching step 
is based on dentine demineralization and hybrid layer 
formation [9]. Sometimes the adhesive penetrates only 
partially the demineralized dentine areas [10] favoring, 
on long-term, the adhesive failure and microleakage 
[11]. The atomic force microscopy (AFM) is a valuable 
method for demineralization studies and for the assess-
ment of the influence exerted by different solutions or 
factors in oral environment. This method highlights the 
induced structural and dimensional changes of the 
dentine samples. 

The aim of study is to compare, using AFM method, 
the effects of etching with 15% ortho-phosphoric acid 
on sound dentine, affected dentine and sclerotic dentine. 

 Material and Methods 

The group study included 30 extracted third molars, 
20 with acute and chronic carious lesions and 10 intact 
teeth. The teeth with carious lesions were sectioned in 
long axe with diamond discs under water-cooling to 
result laser fluorescence values of 40–50 (DIAGNODent, 
KaVodental, Biberach, Germany). Sections included 
carious lesions surrounded by sound dentine. The sound 
teeth were sectioned to a depth of dentine comparable 
with carious lesions depth. The removal of infected 
dentine was performed with spheric burs at convent-
ional speeds. The clinical assessment of differences 
between infected dentine, affected dentine and sclerotic 
dentine was performed accordingly to dentine aspect 
and hardness. The checking of the total removal of 
infected dentine was performed using laser fluorescence 
technique related to value 15 in lesion center [12].  
The sections were etched with 37% ortho-phosphoric 
acid using Scotchbond Etching Gel (3M ESPE) for  
15 seconds and washed with deionized water for total 
removal of etching agent. The surface roughness was 
determined before and after etching using AFM ana-
lysis. The results were expressed as relative variation of 
squared roughness, accordingly to formula ∆R = values 
of square roughness indices after demineralization – 
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values of square roughness indices before demineraliza-
tion/values of square roughness indices before demine-
ralization. 

 Results 

The values of relative roughness indices for dentine 
samples are presented in Table 1.  

Table 1 – Values of relative roughness indices for 
sound dentine, affected dentine and sclerotic dentine 

Sclerotic dentine Sound dentine Affected dentine 
2.78 3.19 3.32 
2.98 3.22 3.36 

3 3.28 3.33 
3.05 3.24 3.37 
2.87 3.26 3.35 
2.96 3.2 3.31 
2.91 3.25 3.37 
2.84 3.18 3.38 
2.98 3.27 3.34 
2.84 3.26 3.36 
2.92 3.24 3.35 

The values of relative roughness indices were 
between 2.78 and 3 for sclerotic dentine, 3.18 and 3.26 
for sound dentine, 3.32 and 33.8 for affected dentine. 
The relative roughness index for sclerotic dentine 
presented lowest values comparing with sound dentine 
and affected dentine. The highest values of roughness 
index were recorded for the affected dentine samples. 
Significant statistically values were recorded when 
comparing relative roughness indices for sclerotic 
dentine with relative roughness indices for affected 
dentine and sound dentine.  

The AFM aspect of affected dentine sample before 
and after demineralization is presented in Figure 1 
(10 µm section), Figure 2 (50 µm section) and Figure 3 
(5 µm section). The profile of 5 µm section demonst-
rates the presence of variable roughness dimensions 
(Figure 4). The values of roughness were in range of 
40–150 nm. The aspect of the same dentine sample  
after demineralization is presented in Figure 5 (10 µm 
section), Figure 6 (50 µm section) and Figure 7 (5 µm 
section). The profile of 5 µm section demonstrates the 
presence of more advanced roughness degrees compa-
ring with sections before demineralization (Figure 8). 
The values of roughness presented in histogram were in 
range of 100–200 nm. 

 
Figure 1 – 3D aspect of affected dentine before and 
after etching (10 µm section). 

 
Figure 2 – 3D aspect of affected dentine before and 
after etching (50 µm section). 

 
Figure 3 – 3D aspect of affected dentine before and 
after etching (5 µm). 

 
Figure 4 – The profile of 5 µm section for affected 
dentine before etching. 

 
Figure 5 – 3D aspect of affected dentine after etching 
(10 µm section). 
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Figure 6 – 3D aspect of affected dentine after etching 
(50 µm). 

 
Figure 7 – 3D aspect of affected dentine after etching 
(5 µm section). 

 
Figure 8 – The profile of 5 µm section for affected 
dentine after etching. 

Data were statistically analyzed using Mann–Whitney 
test. Significant statistically values were recorded when 
comparing relative roughness indices for sclerotic 
dentine with relative roughness indices for sound 
dentine (Tables 2a and 2b) and with relative roughness 
indices for affected dentine (Tables 3a and 3b). 

Table 2a – Results of statistical test of comparing 
relative roughness for sclerotic dentine and sound 
dentine 

Ranks 

 GrdFl N Mean rank Sum of ranks

Sclerotic dentine 10 5.50 55.00 

Sound dentine 10 15.50 155.00 Roughness 

Total 20   

Table 2b – Results of statistical test of comparing 
relative roughness for sclerotic dentine and sound 
dentine 

Test statisticsb 

 Roughness indices 

Mann–Whitney U .000 

Wilcoxon W 55.000 

Z -3.784 

Asymp. Sig. (2-tailed) .000 

Exact Sig. [2*(1-tailed Sig.)] .000a 
aNot corrected for ties. 

bGrouping variable: GrdFl. 

Table 3a – Results of statistical test of comparing 
relative roughness for sclerotic dentine and affected 
dentine 

Ranks 

 GrdFl N Mean rank Sum of ranks

Sclerotic dentine 10 5.50 55.00 

Affected dentine 10 15.50 155.00 Roughness

Total 20   

Table 3b – Results of statistical test of comparing 
relative roughness for sclerotic dentine and affected 
dentine 

Test statisticsb 

 Roughness indices 

Mann–Whitney U .000 

Wilcoxon W 55.000 

Z -3.785 

Asymp. Sig. (2-tailed) .000 

Exact Sig. [2*(1-tailed Sig.)] .000a 
aNot corrected for ties. 

bGrouping variable: GrdFl. 

 Discussion 

In this study, the assessment of the affected dentine 
was performed accordingly to the scale of values 
recorded by Haak R et al. (2000) [12]. This method 
allowed us to establish, on the study group samples, 
clear limits between infected dentine areas and affected 
dentine or sclerotic dentine areas. The affected dentine 
areas present lower hardness than sound or sclerotic 
dentine areas representing tissue partially demineralized 
[13]. The demineralized areas are associated with porous 
dentine surfaces, explaining the increased values of 
square roughness indices before demineralization for 
affected dentine samples. The differences of structure 
and composition for the affected dentine layer influence 
the action of etching agent [14], conclusion sustained by 
the results of our study. 

Sclerotic dentine represents an altered substrate for-
med partially as a natural response mechanism to aggre-
ssions and partially because of microbial colonization. 
The principal feature of sclerotic dentine is represented 
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by partial or total obliteration of the dentinal tubules 
with mineral crystals [15, 16]. Whitlockite crystals 
present lower diameters in the surface dentine layer and 
form mineral complexes that block the dentinal tubules. 
This hypermineralized layer makes difficult the action 
of etching agent, explaining the lowest values of relative 
roughness index recorded by our study. A second expla-
nation of the less efficient action on sclerotic dentine 
could be related to the higher concentrations of fluorine 
ions integrated in more stable forms resistant to acid 
attacks [17–19]. The same decrease of etching efficien-
cy to the sclerotic dentine was established by Kwong 
SM et al. (2000), though the study was performed on 
sclerotic dentine present in non-cariogenic cervical 
lesions [16]. 

The microstructural features and different behavior 
of the two types of dentinal substrate, modified by acid 
attack, can influence the mechanisms of composite 
resins adhesion, using different adhesion strategies.  
The total-etch adhesive systems seem less efficient in 
the case of the hypermineralized sclerotic dentine 
substrate, result similar with data offered by studies that 
assessed the interface dentine-adhesive system [20].  
The affected dentine, submitted to the action of etching 
agent, presented a similar behavior with sound dentine, 
suggesting that total-etch adhesive systems could 
represent viable options for this particular dentine type, 
conclusion confirmed by Xuan W et al. (2010) [21]. 

 Conclusions 

The sclerotic dentine presented a significantly higher 
resistance to the 37% ortho-phosphoric acid action 
comparing with affected dentine and sound dentine.  
The lowest resistance to the action of etching agent was 
recorded for the affected dentine, accordingly to the 
highest values of the relative roughness indices recorded 
by our study. 
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