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ABSTRACT 
The   aim   of   the   study   was   to   evaluate   the   composite   resin-tooth   interface when using a universal 

adhesive applied in different etching strategies. Materials and method: 20 class V cavities were prepared in extracted 

teeth and restored with a composite resin using a universal adhesive system. Half of the restorations were applied 

using etch-and-rinse technique and the other half were applied with self-etch technique.  The   samples had been 

subjected to a dye penetration microleakage test and then the teeth were axially sectioned. The microleakage scores 

and the morphology of the adhesive joint were evaluated using an optical microscope and a scanning electron 

microscope. Results: The microleakage scores did not show a significant difference between the self-etch group and 

the total etch-group. For both groups, no significant gaps were noticed, however few cracks were visible within the 

adhesive layer.  The SEM images showed the preservation of a tide contact   between   the   composite   resin   and   

the   dental   tissues in most specimens of the both groups.   An   adhesive   joint   involving   a layer of adhesive 

resin was formed between composite resin and both enamel and dentin regardless of the chosen technique (self-etch 

or total etch strategy). Conclusions: The immediate sealing qualities and the morphology of the interface did not 

significantly change when total etch strategy had been used when comparing to self-etch strategy. 
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INTRODUCTION 

Microleakage at tooth- restoration interface, 

mainly related to polymerization shrinkage, 

can cause marginal discoloration, post-

operative sensitivity or secondary caries and 

pulp complications. Therefore, the quality of 

the marginal sealing and the properties of the 

adhesive joint remain the key of long-term 

success in restorative dentistry. 

Universal adhesives also called "multi-mode" 

or "multi-purpose" adhesives are the most 

recent generation of bonding systems. The 

manufacturers intended to provide an adhesive 

which combines adequate bonding to both 

enamel and dentin, and a simple, yet versatile 

and less-sensitive technique. These adhesives 

may be used with both methods: (1) as etch-

and-rinse systems with preliminary selective 

or total acid etching; and (2) as self-etching 

bonding systems [1]. Although these 

adhesives can be used with various substrates 

[2], reduced treatment times [3], or various 

surface moisture of enamel and dentin 

surfaces [4], the quality of the adhesion and 

especially the marginal sealing provided by 

these systems is still a matter of controversies 

[5-8]. 

Besides the risk for immediate nanoleakage 

when a marginal gap occurs, after exposure to 

acid in both etch-and-rinse and self-etch 

adhesives, the dentin collagen matrix is more 

vulnerable to degradation by endogenous 

metalloproteinases [9]. Etching mode could 

significantly influence the micro-leakage and 

the quality of hybridization. Many studies 

have suggested that the bonding of universal 

adhesives may vary between different 

commercial products and between application 

technique (including etching strategy) for the 

same adhesive [5]. On the contrary, several 

clinical studies found there was no statistical 

difference among bonding strategies when 

universal adhesives were used and that etching 
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had only a minor effect with universal 

adhesives [10,11].  

Hence the aim of this study was to evaluate 

the sealing ability and the morphology of the 

adhesive joint of one universal system applied 

in total-etch and self-etch technique. 

MATERIALS AND METHODS 
20 extracted molars were selected for this 

study. All the debris were removed by manual 

scaling and professional cleaning with pumice 

slurry. The teeth had been stored in distilled 

water at a temperature of 4 Celsius degrees 

until the cavities were prepared and restored. 

Class V cavities of approximately 2 mm 

depth, 3 mm width and 2 mm height had been 

prepared in the buccal surfaces, with the 

gingival margin placed bellow the enamel-

cement junction.  

The teeth were randomly distributed in 2 

groups (A and B) and restored with the micro-

hybrid composite - Gradia Direct (GC 

Corporation, Tokyo, Japan) (GC Corporation, 

Tokyo, Japan) applied with the multimode 

adhesive system G-Premio Bond (GC 

Corporation, Tokyo, Japan). In group A, the 

adhesive system was applied according to the 

total-etch technique, with preliminary 

application of an etching gel containing 

phosphoric acid 35% for 15 seconds prior to 

the application of the adhesive resin. Then the 

cavities were rinsed with water-air spray and 

gentle dried.  In group B the adhesive was 

applied using self-etch protocol. The adhesive 

was applied in both groups according to the 

manufacturer's indications. The composite 

resin was applied using the bulk technique and 

light-cured through a Mylar matrix for 40 

seconds.  

The apices of all teeth were sealed with a 

flowable composite resin (Vertise Flow- Kerr) 

and then the external surfaces of each sample 

were completely covered with two layers of 

nail varnish up to 1mm around the tooth-

restoration interface. The teeth were stored in 

1% methylene blue solution. After 24 hours 

the specimens were cleaned with tap water for 

5 minutes and then they were axially sectioned 

in a buccal-lingual direction through the 

middles of the restorations. The microleakages 

at the enamel margins and cervical margins 

were evaluated and scored using an optical 

Carl-Zeiss AXIO Imager A1m microscope, 

coupled with a high-resolution digital camera, 

using dark field and bright field filters.  
Dye penetration was evaluated according to a 

4 points scale: 0 = no dye penetration; 1 = dye 

penetration from the cavo-surface margin to 

less than half the length of the prepared wall; 

2 = dye penetration from the cavo-surface 

margin to more than half the length of the 

prepared wall, but not involving the axial wall; 

3 = dye penetration from the cavo-surface 

margin along the whole length of the prepared 

wall and also involving the axial wall. The 

scores were registered for each group and 

statistically analyzed using the non-parametric 

Mann-Whitney test. The sections were also 

observed by scanning electron microscopy 

using a VEGA II LSH (TESCAN) 

microscope. 

 

RESULTS AND DISCUSSIONS 

Results of the microleakage test 

For each group the microleakage test showed 

several specimens with adequate marginal 

sealing and other samples with various scores 

of stain infiltration at both enamel and cervical 

margins.  Most of the microscopic images 

showed a minimal leakage (fig. 1.b) or no 

leakage at all (fig. 1. a, d).  There were two 

specimens showing a deeper penetration of the 

stain (score 2) at the gingival margin for the 

group B (fig. 1. c), although other 5 specimens 

showed no cervical leakage at all. Score 3 

showing a deep penetration involving the axial 

wall was not observed in the samples. 

 

Group Group A (total-etch technique) Group B (self-etch technique) 

Enamel margin a. b. 



Romanian Journal of Medical and Dental Education 

Vol. 9, No. 3, May - June 2020 

 

60 
 

 
Score 0 

 
Score 1 

Cervical margin c. 

 
Score 2 

d. 

 
Score 0 

Fig. 1. Images of dye penetration between dental margins and composite resin. 

 

The microleakage scores at enamel and cervical margins, the mean values of the leakage scores and 

standard deviations are listed in Table 1.  

 

Table 1. Microleakage scores, mean values of microleakage scores and standard deviations for 

each group 

Margin N Group Scores Maximum Mean Std. 

Deviation 

Enamel 

margin 

10 Group 

A 

0 1 0 1 1 1 0 1 0 1 1 .60 .516 

10 Group 

B 

1 1 0 1 1 1 0 1 0 1 1 .70 .483 

Cervical 

margin 

10 Group 

A 

0 2 1 0 2 0 0 0 1 1 2 .70 .823 

10 Group 

B 

0 1 1 1 1 0 1 0 1 1 1 .70 .483 

 

According to table 1, the mean values of 

leakage scores for enamel margins were: A 

(0.6) < B (0.7), while for dentin margins the 

mean values were equal for the both groups: A 

(0.7) = B (0.7). In group A, the mean value of 

leakages scores was higher for the cervical 

margins comparing to the enamel margins. On 

the contrary in group B, there was the same 

mean score for both of the margins. 

The non-parametric Mann-Whitney test was 

used to determine if the differences were 

statistically significant.  

When comparing the leakages scores at the 

enamel margins, the values of the group B 

(restored without preliminary etching) tended 

to be slightly higher than for group A (total-

etch technique), however neither of the groups 

recorded scores higher than 1.  
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The differences were not statistically 

significant according to Mann-Whitney test 

(p=0.648>0.05) (table 2). 

 

Table 2. Results of Mann-Whitney test for enamel margins. 

 

Test Statisticsb 

 material 

Mann-Whitney U 45.000 

Wilcoxon W 100.000 

Z -.457 

Asymp. Sig. (2-tailed) .648 

Exact Sig. [2*(1-tailed 

Sig.)] 

.739a 

a. Not corrected for ties. 

b. Grouping Variable: lot 
 

 

At the cervical margins, in group A, more 

heterogenous scores were recorded with 5 

samples without leakage and yet a maximum 

score of 2 for 2 samples. On the other hand, in 

group B only three samples were recorded 

with score 0, while all the other specimens 

were recorded with score 1, which was the 

maximum score. Statistical analyze showed 

that the differences between the values of 

leakage scores at the cervical margins were 

not statistically significant (p=1>0.05) (Table 

3). 

 

Table 3. Results of Mann-Whitney test for cervical margins. 

 

Test Statisticsb 

 material 

Mann-Whitney U 50.000 

Wilcoxon W 105.000 

Z .000 

Asymp. Sig. (2-tailed) 1.000 

Exact Sig. [2*(1-tailed 

Sig.)] 

1.000a 

a. Not corrected for ties. 
 

 

Results of SEM study 

 Most images obtained by scanning 

electron microscopy showed the formation of 

the adhesive joint between the dental tissues 

and the composite resin with a tight contact 

mediated by a resin layer, regardless of the 

chosen technique (with or without etching).  

 At the enamel margins, for the group 

A most images revealed the presence of the 

adhesive joint (fig.2, a, d).  In group B, the 

adaptation of the material at the enamel 

margins seemed to be slightly more 

susceptible to failures. When failures were 

observed they were limited to the outer 

enamel (fig.2.g) or related to composite resin 
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overlapping the margins of the cavities 

(fig.2.j).  

 In cervical margins, in several 

situations, the overlapping composite resin 

remained tightly attached to the root surface 

(fig. 2.e, h, k). 

 For both groups, at the cavity's walls, 

in most situations, the contact was tight with a 

continuous, uniform layer of resin at the 

interface (fig. 2. f, l). Only minor gaps were 

noticed and some cracks were visible in the 

adhesive layer (fig. 2. c, l) and only few 

cohesive failures of enamel and minor 

adhesive failure were present at the interface 

with dentin (fig.2.i). These defects might be 

related to the polymerization shrinkage that 

had developed during restorative procedures 

and to the dehydration produced by vacuum 

during the preparation for SEM examination.  

 

 

Group Enamel margin Cervical margin Internal walls 

A 

total etch 

technique 

a 

 
500X BSE 

d 

 
500X BSE 

 

b 

 
500X BSE 

e 

 
500X BSE 

 

c 

 
500X BSE 

f 

 
500X BSE 

 

B 

self-etch 

technique 

g 

 
500X BSE 

h 

 
500X BSE 

i 

 
500X BSE 
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j 

 
500X BSE 

 

k 

 
500X BSE 

 

l 

 
500X BSE 

 

Fig. 2. SEM images of adhesive joint between the dental tissues and composite resin.  
 

DISCUSSIONS 

The etching modes, pH, composition, 

application method, could influence the 

nanoleakage of universal adhesives [12]. 

Phosphoric acid etching produces most 

durable resin–enamel bonds to enamel [13]. 

On the contrary, when universal adhesives are 

used with the self-etch strategy, their lower 

aggressiveness reduces their potential to fully 

demineralize enamel thereby resulting in 

inadequate retentive micro porosities [14]. A 

meta-analysis of in vitro studies confirmed 

that universal adhesives utilizing the self-etch 

strategy resulted in significantly lower enamel 

micro-shear and micro tensile bond strength 

values comparing to etch and rinse strategy 

[15]. Several other in vitro studies have 

reported improved enamel bond strength 

values when preliminary etching with 

phosphoric acid was utilized [6, 16-18]. In our 

study the difference between the leakage 

scores was not statistically significant. The 

explanation might be related to the acidity of 

G-Premio Bond, which is low and therefore it 

could effectively demineralize enamel. It 

seems that G-Premio falls under the 

intermediately strong category of adhesives 

with a pH of 1.5 [14].  

On the other hand, etch and rinse strategies or 

aggressive self-etch adhesives results in an 

increase fluid flow onto the exposed dentin 

surface [19], and this contamination might 

impinge the immediate bonding and increase 

the risk for hydrolytic and enzymatic 

degradation processes [20, 21] at the adhesive 

interface. Yamauchi et al. have tested four 

universal adhesives, including G-Premio 

Bond. The evaluation of the interfacial 

characteristic showed that phosphoric acid 

etched dentin had lower wettability and lower 

degree of polarization, and was less 

hydrophilic when compared to ground dentin. 

The adhesive layer was approximately 7-12 

μm thick, and the adaptation of the interface to 

dentin was excellent for both etching modes.  

However, cracks were visible in the adhesive 

layer of the resin-dentin interface of G-Premio 

Bond in both groups, but not in the other 

adhesives [5]. These results are consistent 

with our findings indicating the presence of 

several specimens with cracks within the resin 

layer at the interface in both groups. A 

previous study reported that G Premio Bond 

contains a higher proportion of water than 

other universal adhesives (approximately 25% 

water) [22]. The cracks might be the result of 

residual water loss during the vacuuming of 

the specimens.  

As regarding the adhesion to dentin, it is well 

known that using a mild or ultra-mild acid 

preserves hydroxyapatite partially attached to 

collagen, which renders it available for 

chemical interaction and protective 

nanolayering [23,24]. Ultra-mild adhesives 

seemed to be characterized by lower 

nanoleakage than intermediately strong 
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adhesives [25,26].  Another meta-analysis of 

in vitro studies assessing nanoleakage when 

using universal adhesives found inconsistent 

results depending on the universal adhesives 

used and concluded that etching modes 

significantly, influence the nanoleakage of 

universal adhesives, in various ways [12].  

In our microleakage study, we found no 

significant difference between the 

microleakage scores when G Premio Bond 

was applied with preliminary etching 

comparing to self-etch technique. Another 

study found a 5% decrease of initial shear 

bond strength of this adhesive to dentin when 

used in etch-and-rinse mode comparing to 

self-etch mode [5]. These results support the 

detrimental effect of preliminary etching in 

case of this adhesive, which might be related 

to the acidity of this adhesive. On the other 

hand, another meta-analysis did not find 

statistically significant difference between the 

microtensile bond strengths of 4 universal 

adhesives including G Premio Bond applied in 

etch-and-rinse versus self-etch strategies [15]. 

These controversial results seem to support the 

hypothesis that total-etch technique might 

affect the bonding of G Premio Bond to dentin 

in subtle ways which might need more 

investigations.  The higher maximum score 

and the heterogeneity of the scores registered 

in group A comparing to group B in our study 

might also indicate an inconsistent bonding to 

dentin when preliminary etching with 

phosphoric acid was used. 

G Premio Bond has a distinctive composition: 

which include 10-MDP, 4-methacryloxyethyl 

trimellitic acid (4-MET), and 10-

methacryloyloxydecyl dihydrogen 

thiophosphate (10-MDTP). The bonding 

mechanisms of 4-MET and 10-MDP to dentin 

have been reported to be similar involving 

ionically bonding to calcium from 

hydroxyapatite [27]. However, a previous 

study has reported that 4-MET has 

substantially lower chemical bonding potential 

than 10-MDP [23]. Combining phosphoric 

acid pretreatment with the mild strong acidity 

of G Premio Bond might leave insufficient 

dentinal calcium available for the already 

weaker chemical bonding provided by this 

adhesive.  

The major drawbacks of our study were the 

small number of the specimens and the 

inaccurate replication of oral environment. 

Therefor this should be considered a 

preliminary research. Considering the results, 

further investigation is needed for assessment 

of immediate and long-term effect of total 

etching strategy on the adhesive joint and 

sealing ability, in order to accurately predict 

the clinical behavior of this adhesive.   

 

CONCLUSION 

 

1. The etching strategy did not seem to 

significantly influence the adhesive joint 

between the composite resin and the dental 

substrate. The marginal sealing achieved by 

self-etch strategy was similar to that obtained 

with preliminary phosphate acid etching.    

2. The morphology of the adhesive joint 

always included a resin layer, no significant 

gaps; yet minor cracks of the resin layer and 

adhesives failures, have been noticed 

regardless the etching strategy.  

3. The potential benefits of additional 

etching with phosphoric acid should also be 

evaluated in terms of bond strengths and 

resistance to biodegradation. 
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