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ABSTRACT 
Adhesion of dental materials to the dental hard tissue is dependent on a number of factors relating both to the 
material used and the type of approach to dental substrate. The purpose of this study was to analyze the size of 
the hybrid layer (HL) in evaluated sealed oclussal surfaces by scanning electron microscopy (SEM).  Method: 
The study was realized in vitro on a sample of 16 human teeth premolars and molars extracted for orthodontic or 
periodontal reasons. Permission was obtained from an institutional ethical committee of "Gr. T. Popa" 
University of Medicine and Pharmacy, Iasi and the subjects gave written, informed consent. The teeth were 
randomly divided into two equal groups (Gr1=etching time 20 seconds and GR2=etching time 60 seconds). The 

ystem 3MTM, composite 
resin Concise (3MESPE). The materials were photo activated with halogen source (3M), stored (48h), cut 
lengthwise (diamond), polished, conditioned (H3PO4-37%-5s) analysed by SEM (TESLA, BS 340), SPSS14.00 
statistically analysed (ANOVA

The thickness of hybrid layer related  directly proportional with etching time, after 60 second the  hybrid layer 
had a thickness of about three times higher than in the case for 20 seconds demineralization.  
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INTRODUCTION 

The prevention of caries is one of the most 
simple and cheap methods of dental 
treatment. (American Dental Association).  In 
this context the methods of primary 
prevention should be a goal to be attained by 
each practitioner.  

Usually, the mechanical adhesion of 
composite resins is based on dental tissue 
hybridization by means of surface and 
subsurface demineralization, followed by 

infiltration and polymerization of the 
materials used. In order to obtain the most 
intimate adhesion between biomaterials and 
hard dental structure, we rely on a less 
viscous phase which will penetrate the 
previously conditioned hard dental tissues.  

Adherence of the materials to the dental 
substructures is dependent on a number of 
factors relating both to the type of material 
used as well as to the dental substrate 
preparation method. 
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The purpose of this study was SEM 
evaluation (Scanning Electron Microscopy) of 
enamel hybridization in preventive sealing 
when two different conditioning agents are 
used. Null hypothesis is that the size of the 
hybrid layer does not differ significantly among 
the studied groups. The reason we chose to test 

two different etching methods was the literary 
controversy on the etching times and the desire 
to establish a possible correlation between the 
duration of acid application and the degree of 
sealant-enamel micro-leakage. 
 
MATERIAL AND METHODS  

The study included 16 human premolar 
and molar teeth, freshly extracted due to 
orthodontic or periodontal reasons, after 

study followed the protocol approved by the 
"Gr. T. Popa" UMPh Iasi ethics committee. 
The teeth were mechanically brushed with a 
non-fluoridated abrasive paste, washed with 
running water, stored in 0.5% chloramine 
solution at 40C. The samples were divided 
randomly into two equal groups (N = 8) and 
sealed according to protocol by applying two 
different etching times GR1=60seconds and 
GR2 = 20 seconds. Adhesion was achieved 
with etch and rinse adhesive system IS = 

Single Bond Plus (3M ESPE). The sealing 

material used was Concise 3M ESPE.  
 The samples were longitudinally 

sectioned-from mesial to distal-with diamond 
disks, washed with 900 alcohol, processed, 
polished with paper discs 400,600,1200 and 
2400 grit SiC, with rubber points and abrasive 

irrigation. The samples were demineralised 
with H3PO4 35% for 4 seconds and washed 
with distilled water for 2 minutes [1]. 
Prepared teeth were preserved in saline 
solution in labelled bottles (up to 48 hours). 
Analysis of the samples was done by SEM 
(JEOLJSM Japan 6390).  The hybrid layer 
(HL) thickness was measured in at least three 
different areas and an average was made for 
each sample. The type of this study was 
experimental SEM. Comparative analysis was 
performed using Analysis of Variance test 
(ANOVA), setting a 5% confidence interval.  
The groups analysed 
(60sec), ASBP, Co

 
 

RESULTS  
The analysis of the hybrid layer in the two 

studied groups revealed statistically 

 were recorded 
both between groups and in the same group, 
even in the same samples (Table 1, 2, 3, 4).  

 
Sample D SH GR.1 M-GR.1 D SH  GR.2 M-GR.2 Point 1 2 3 1 2 3 

1 10,259 11,562 15,379 12,4 5,292 4,864 8,605 6,253 
2 25,535 15,459 17,779 19,591 1,111 1,488 0,964 1,187 
3 24,501 26,585 28,185 26,423 8,486 4,151 10,672 7,769 
4 22,788 22,788 23,840 23,130 6,607 10,571 9,156 8,778 
5 9,034 11,365 14,424 11,607 8,355 8,487 12,406 9,749 
6 8,412 14,476 12,118 11,668 7,879 5,143 6,831 6,617 
7 12,753 30,404 34,704 25,953 8,871 7,322 5,543 7,245 
8 11,470 10,066 12,440 11,320 4,112 1,851 3,993 3,318 
M 17,761 6,364 

D= size; SH= hybrid layer; =micrometers M= mean 

Table 1. Results of quantitative analysis of the hybrid layer in the studied groups 
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Levene Statistic df1 df2 Sig. 
16.699 1 14 .001 

Table 2. Statistical analysis in the groups studied 

   

N Mean Std. 
Deviation Std. Error 

95% Confidence 
Interval for Mean 

Min Max 
Lower 
Bound 

Upper 
Bound 

GROUP A  8 17.76150 6.756344 2.388728 12.11305 23.40995 11.320 26.423 
GROUP B  8 6.36450 2.833261 1.001709 3.99583 8.73317 1.187 9.749 
Total  16 12.06300 7.725695 1.931424 7.94627 16.17973 1.187 26.423 

Table 3. Descriptive statistics 

Sum of Squares df Mean Square F Sig. 

Between Groups  519.566 1 519.566 19.360 .001 
Within Groups  375.729 14 26.838 
Total  895.295 15 

Table 4. ANOVA in the groups studied 

A.  

 

B.  
Fig. 1. SEM appearance of the enamel hybrid layer in preventive sealing with Concise White 

Sealant (3M ESPE): A. Group 1 - 60 seconds etching time revealed penetration of sealant to the 
bottom of the fissure and the formation of an optimal hybrid layer; B. Group 2 - 20 seconds 

etching time revealed penetration of sealant to the bottom of the fissure but with marginal gap 

DISCUSSION  
Enamel etching in the protocol of the new 

adhesive techniques [2, 3] aims to provide an 
optimal impregnation of its surface with 
adhesive monomer and consists of: removal 
of plaque, removal of remaining dentinal 
debris, creating micro-retentions in the form 
of crypts [4] by: partial and preferential 
dissolution of prismatic and between mineral 

crystals prisms with the development of 
microtags and macrotags [5], raising the free 
energy on the enamel surface, which 
facilitates the filling of the demineralized area 
with adhesive [6, 7] and ensuring wider 
contact surface between enamel and resin [8, 
9]. All these objectives are aimed at achieving 
effective hybridization of the enamel by a 
maximum monomer infiltration [10].  
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The hybrid layer dimension can be 
influenced by the orientation of the crystals 
towards the conditioned surface (Fig. 2, 3, 4). 

There are three types of enamel [6, 11]: 
Type I - with interprismatic enamel demine-
ralization in the form of a "bird's nest"; it is the 
most common type and it affects the body of 
the prism; peripheral prisms remain 
approximately integral, especially in the case of 
a longer etching time- 45 seconds opposed to 30 
seconds [12] Optimal micro retentive relief 
(type I) was obtained only when the enamel 
was conditioning in a parallel direction to the 
axis of the prism, the acid attack perpendicular 
to it, sometimes proving to be totally inefficient. 

 

 
Fig. 2. A-SEMX800 -enamel interprismatic 
areas after demineralization with H3PO4 

 

 

A  

 

B  
Fig. 3. SEM enamel between prisms areas- after demineralization with H3PO4 35%, for 30 
seconds A. SEMX4000; B. SEMX10000. We can observe the places where the material can 

penetrate to form resin microtags [Iulia S veanu]. 

A) B)  
Fig. 4 A)-SEMX1000- enamel interprismatic areas- after etching with  35% orthophosphoric 

acid for 60 seconds, B)-SEMX4000-[Iulia S veanu]. 

Type II - enamel with accentuated 
peripheral between prisms demineralization, 

the centre of the prism remaining intact; with 
a lower frequency [12, 13]. This morphology 
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offers retention only in the between prisms 
areas, where the adhesive will penetrate and 
through the resin polymerization it will form 
macrotags. Type III - enamel in which coexist 
both demineralization types, resulting an 
amorphous irregular surface after etching 
with H3PO4 37% for 15 seconds [12, 13]. 

Other electron microscopy studies 
revealed that an etching performed for 15 
seconds is as effective as one performed for 
60 seconds [14, 15], the attack mode of the 
enamel was unchanged by the action time 
except for the depth around the enamel 
prisms, but the adhesion strength was not 
affected by the depth of demineralization, 
aspect illustrated in a in vitro study [7]. That 
study highlights the fact that the adherence of 
the composite resin is not significantly 
influenced by the type of acid used- 19.7 MPa 
for 35% orthophosphoric acid and 18.6 MPa 
for 10% maleic acid in microfilled 
composites - but it is influenced by the type 
and composition of the restorative materials 
even if they are of the same class 
(composites). Also, other laboratory studies 
[14, 16] demonstrated similar results in terms 
of adherence and micro-leakage for an acid 
etching of 15 or 60 seconds. 37% 
orthophosphoric acid etching for 15 seconds 
will lead to micro-spaces on the enamel 

surface, allowing the penetration of a low 
viscosity resin up to a depth of 30-
This etching will induce an adherence of 
about 20 MPa [17].  
 
CONCLUSIONS  

SEM objectively reflects the adhesion of 
the sealing material to the enamel. Hybrid 
layer size varies both between groups and in 
the same group, even in the same samples. 
The thickness of the hybrid layer formed 
between enamel and sealant is directly 
proportional to the etching time; after 60 
seconds the hybrid layer has three times the 
thickness of the one formed by a 20 seconds 
demineralization. The etching time influences 
the dimension of the HL in favour of the 
samples that were demineralised for 60 
seconds.  
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