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NANOLEAKAGE EVALUATION OF NANO-FILLED RESIN  
COMPOSITE USING DIFFERENT ADHESIVE SYSTEMS AT  
DIFFERENT DENTIN DEPTH (AN INVITRO STUDY)
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ABSTRACT
Objective: This study evaluated the nanoleakage of nano-filled resin composite using different adhesive systems at different 

dentin depth. Material and Methods: A total of 120 freshly extracted human molars were used in this study. The selected teeth 
were randomly divided into two main groups according to adhesive system(self-etch and total etch), each main group were 
divided in to two groups according to dentin depth(superficial and deep dentin), each group were divided in to 3 sub-groups 
according to storage periods(24hours,3 months and 6 months). All the prepared cavities were restored incrementally using the 
nanofilled resin composite, then the specimens were immersed into silver nitrate and sectioned. Nanoleakage was measured. 
Results: The results showed that there was no statistically significant difference between self-etch and total etch 
according to the effect of adhesive system nor dentin depth on nanoleakage, while there was a statistically significant 
increase in median nano-leakage scores from 24 hours to 3 months as well as from 3 to 6 months of storage time. 
Conclusion: Usage of total etch or self-etch bonding agents has a positive effect on decreasing resin composite leakage. In deep 
dentin, it is advisable to use self etch bonding agents, while using total etch is indicated for deep dentin.
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INTRODUCTION 
Resin composites were introduced as aesthetic 

materials for anterior restorations and their use 
was quickly extended to posterior teeth (1). Despite 
evolution and the adhesive systems improvement, 
composite restorations still present some draw-
backs(2). One of the major drawbacks is polymer-
ization shrinkage, which leads to polymerization 
stress generation that cause debonding between 
tooth structure and resin composite that can reduce 
restoration longevity(3). The incomplete penetra-

tion of resin within the dentin micropores which in 
turn compromises the bonding synergism leading 
to bacterial leakage and ultimately lead to marginal 
discoloration, secondary caries and pulpal affection 
and it is different from microleakage as the compos-
ite shrinkage, creates stresses within the material at 
the tooth structure interface (4).

Many efforts have been made to overcome this 
polymerization shrinkage, nanotechnology is one 
of them that can improve this continuity between 
the tooth structure and the nano-sized filler particle 
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and provide a more stable and natural interface 
between the mineralized hard tissues of the tooth 
and these advanced restorative biomaterials (5). 
Nanocomposites have improved compressive 
strength, diametrical tensile strength, fracture 
resistance, low polymerization shrinkage and better 
aesthetics (6).

Nanocomposites show greater fracture tough-
ness and adhesion to tooth structure and may pro-
vide resins composite with a dramatically smaller 
filler particle size that can be loaded in higher con-
centrations which contains nanomers and nano-
clusters (7). The nanomers particles are 5 to 75 nm, 
nanoclusters with zirconia/silica nanoparticles (5 to 
20nm in size) fused together at contact point, and 
the resulting porous structure is infiltrated with si-
lane and glass fillers nanoparticles(8).

There are two adhesive techniques are used 
generally in restorative dentistry. The first, etch and 
rinse technique includes etching with phosphoric 
acid and its meticulous rinsing, whereas, the second, 
self-etch technique excludes phosphoric acid and 
requires the mild acidic primers application for 
etching and chemical bonding to hydroxyapatite(9). 
Good adaptation of composite restorations to dental 
tissue is achieved when there is no a marginal 
micro gap around the filling with sufficiently deep 
penetration of the composite resin into the tissues. 
Polymerization contraction during the hardening of 
the composite resin leads to the formation of micro 
gaps around composite fillings(10). The purpose 
of this study was to evaluate the nanoleakage of 
nanofilled resin composite using two adhesive 
systems at different dentin depth.

MATERIALS AND METHODS
One type of resin composite (Filtek™ Z350 XT 

3M Universal Restorative shade A3), two adhesive 
systems: self-etch adhesive system (Single bond™ 
3M Universal Adhesive) and total etch adhesive 
system (Adper™ 3M Single Bond Plus Adhesive) 
were used in this study.

Selection and Grouping of teeth:
A total of 120 freshly extracted human molars 

age range 25 to 40 years were used in this study, the 
extracted teeth were collected from the outpatient 
clinic of oral and maxillofacial surgery department, 
Al Azhar University (boys) for periodontal or 
orthodontic reasons. The teeth were selected to be 
used in the study are divided into; cavities restored 
with Z350XT bonded by self-etch adhesive system 
and cavities restored with Z350XT bonded by total 
etch adhesive system. Each main group was divided 
into two subgroups (n=30) according to dentin 
depth: superficial and deep dentin. Each subgroup 
was further subdivided according to storage period 
into one day, three months and six months storage 
period.

Cavity preparation: 
Class V cavities were prepared (4 mm mesio-

distal, 3mm occluso-gingival and 2 mm or 2.5 mm 
depth) by using a carbide bur size #014 (EMIL 
LANGE, Germany) with high-speed headpiece 
under copious amount of water, whereas the occlusal 
margin will be on enamel, while the gingival margin 
1mm above the CEJ. The depth of the cavity was 
determined by a precise digital caliber. No bevels 
were made at any of the enamel margins of the 
prepared cavities. A new bur was used after each 5 
preparations.

Adhesive system application and tooth restoration: 
In the first group (A1) Single bond universal 

adhesive system was applied to the prepared 
cavities in a rubbing motion for 20 seconds with 
disposable applicator according to manufacturer’s 
instructions.  The excess solvent was removed by 
gentle air drying for 5 seconds until there was no 
movement of the adhesive film and the surface 
should maintain a uniform glossy appearance. The 
adhesive then was cured for 20 seconds according to 
the manufacturer’s instructions with a LED curing 
unit at light intensity 1200 mW/cm2 in standard 
mode (3M ESPE EliparTM S10 U.S.A.). 
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In the second group (A 2 ) the (single bond plus). 
Selective etching technique was used; the enamel 
surface was etched for 30 seconds by 37% phos-
phoric acid, while the rest of the cavity was etched 
for 15 seconds as recommended by manufacturer’s 
instructions, then rinsed thoroughly with water for 
10 seconds. Gently air dried to remove excess water 
without over dryness in a way that moist condition 
of the dentin was preserved.

Bonding agent was applied to the cavity by using 
fully saturated micro-brush with rubbing motion for 
15 seconds and was gently air dried for 5 seconds 
approximately 0.5 mm away from the prepared 
surface. Then cured using light curing unit for 20 
s according to the manufacturer’s instructions. The 
light intensity was checked every 10 cases to ensure 
same light intensity by radiometer to check that the 
intensity is 1200 m W/cm2.

All the prepared cavities were restored incremen-
tally using the nanofilled resin composite (Filtek™ 
Z350 XT Universal Restorative) (3M ESPE). The 
material was placed in oblique incremental tech-
nique. Gold plated condenser was used to avoid 
sticking of composite to the instrument, each incre-
ment was cured for 40 sec. according to the manu-
facturer’s instructions.

Preparation of samples for microleakage evaluation: 
The sectioning was performed using a diamond 

disc of 4 cm diameter × 0.3 mm thickness with 
diamond cutting blades and water-resistant titanium 
coating with low speed saw, then the specimens 
were stored in distilled water until subjected to the 
microleakage evaluation. Microleakage pattern was 
observed under Stereo-microscope and evaluated 
qualitatively by the use of scores as described by 
Khera and Chan (11) as follows:

·	 0 – No leakage of the evaluated area

·	 1 – 0.5 mm of the evaluated area

·	 2 – 1 mm of the evaluated area

·	 3 – 1.5 mm but not extended to axial wall

·	 4 – 2 mm and extended to axial wall

Evaluation by SEM was done for one of random 
representative sample from each group.

Nano-leakage scores were analyzed as non-
parametric data. Data were presented as median, 
range, mean and standard deviation values. Mann-
Whitney U test was used to compare between the 
two adhesive systems as well as the two margins. 
Wilcoxon signed-rank test was used to compare 
between superficial and deep dentin. Kruskal-
Wallis test was used to compare between the three 
time periods. Dunn’s test was used for pair-wise 
comparisons when Kruskal-Wallis test is significant. 
The significance level was set at P ≤ 0.05. Statistical 
analysis was performed with IBM SPSS Statistics 
for Windows, Version 23.0. Armonk, NY: IBM 
Corp.

RESULTS

Effect of adhesive systems on leakage of resin 
composite:

There was no statistically significant difference 
between nano-leakage scores of the two adhesive 
systems whether at superficial dentin at 24 hours 
of storage time (P-value = 1.000, Effect size = 
0.000) or deep dentin (P-value = 0.513, Effect size 
= 0.335). At 3 months of storage time there was no 
statistically significant difference between nano-
leakage scores of the two adhesive systems whether 
at superficial dentin (P-value = 0.093, Effect size = 
0.951) or deep dentin (P-value = 0.549, Effect size 
= 0.335). And at 6 months there was no statistically 
significant difference between nano-leakage scores 
of the two adhesive systems whether at superficial 
dentin (P-value = 0.811, Effect size = 0.132) or 
deep dentin (P-value = 0.575, Effect size = 0.335)  
Table (1).
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TABLE (1) Descriptive statistics and results of Mann-Whitney U test for comparison between nano-leak-

age scores of the two adhesive systems after 24 hours:

Dentin Self-etch Total-etch P-value Effect size (d)

Superficial
Median (Range) 0 (0 – 1) 0 (0 – 1)

1.000 0.000
Mean (SD) 0.4 (0.55) 0.4 (0.55)

Deep
Median (Range) 1 (0 – 1) 1 (0 – 1) 

0.513 0.335
Mean (SD) 0.6 (0.55) 0.8 (0.45)

*: Significant at P ≤ 0.05

Our study revealed that samples of resin 
composite bonded to superficial dentin using self-
etch adhesive system scored the highest leakage 
mean value (2.6 ± 0.89 SD) at 6 months storage 
time but scored the lowest leakage mean value (0.4 
± 0.55 SD) recorded from resin composite samples 
bonded to superficial dentin at 24 hours storage 
time. However, leakage of resin composite bonded 
using total etch bonding agent ranged from the 
lowest mean value (0.4 ± 0.55 SD) for superficial 
dentin samples at 24 hours to the highest leakage 
value (2.4 ± 1.14 SD) which was recorded for both 
deep dentin and superficial dentin at 6 months 
storage time.

Effect of dentin depth on nanoleakage: 
There was no statistically significant difference 

between nano-leakage scores of superficial and deep 
dentin at 24 hours storage time (P-value = 0.564, 

Effect size = 0.258), Similarly; with total-etch; at 
24 hours storage time, there was no statistically 
significant difference between nano-leakage scores 
of superficial and deep dentin (P-value = 0.157, 
Effect size = 0.632). At 3 months with self-etch; 
there was no statistically significant difference 
between nano-leakage scores of superficial and 
deep dentin (P-value = 0.564, Effect size = 0.258). 
Similarly, with total-etch; there was no statistically 
significant difference between nano-leakage scores 
of superficial and deep dentin (P-value = 0.059, 
Effect size = 0.845). For 6 months storage time 
with self-etch; there was no statistically significant 
difference between nano-leakage scores of 
superficial and deep dentin (P-value = 0.083, Effect 
size = 0.775), similarly; with total-etch; there was 
no statistically significant difference between nano-
leakage scores of superficial and deep (P-value = 
1.000, Effect size = 0.000), Fig. (1).

FIG (1) Chart showing the effect of dentin depth on nanoleakage.
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TABLE (2) Descriptive statistics and results of Kruskal-Wallis test for comparison between nano-leakage 

scores at different time periods with self-etch system 

Dentin 24 hours 3 months 6 months P-value Effect size  
(Eta-squared)

Superficial
Median 
(Range) 0 (0 – 1) C 1 (1 – 2) B 2 (2 – 4) A

0.004* 0.746
Mean (SD) 0.4 (0.55) 1.2 (0.45) 2.6 (0.89)

Deep
Median 
(Range) 1 (0 – 1) C 1 (1 – 2) B 2 (1 – 3) A

0.023* 1.866
Mean (SD) 0.6 (0.55) 1.4 (0.55) 2 (0.71)

*: Significant at P ≤ 0.05, Different superscripts in the same row are statistically significantly different

Effect of storage times on nanoleakage: 
With self-etch adhesive system whether 

regarding superficial or deep dentin; there was a 
statistically significant difference between different 
time periods (P-value = 0.004, Effect size = 
0.746) and (P-value = 0.023, Effect size = 1.866), 
respectively. Pair-wise comparisons between the 

Scanning electron microscope study: 

Effect of 24 hours of storage time on nanoleakage: 
Resin tags in total etch group showing silver ni-

trate particles that represents nanoleakage. Super-
ficial dentin showing less nanolekage while deep 
dentin showing more nanoleakage Fig. (2).

FIG (2) SEM photomicrograph of total etch group at superfi-
cial dentin showing hybrid layer and resin tags at (24) 
hours.

Effect of 3 months of storage time on nanoleakage:
Silver nitrate particles in self-etch group 

dispersed in the superficial and deep dentin that 
represents more nanoleakage Fig. (3).

     

FIG (3) SEM photomicrograph of self-etch group at deep den-
tin hybrid layer showing resin tags at (3) months.

            

time periods revealed that there was a statistically 
significant increase in median nano-leakage scores 
from 24 hours to 3 months as well as from 3 to 6 
months. Table (2). With total etch adhesive system 
regarding superficial dentin; there was a statistically 
significant difference between different time periods 
(P-value = 0.006, Effect size = 0.694).
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Effect of 6 months of storage time on nanoleakage: 
SEM of superficial dentin using self-etch 

showing nano-gaps between dentinal tubules and 
resin tags Fig. (4).

              

FIG (4) SEM photomicrograph of self-etch group at superficial 
dentin showing nanogaps between dentinal tubules and 
resin tags at (6) months.

DISCUSSION
In this study, cavities class V were chosen as 

they are ideal regarding leakage testing. There’s no 
macro-mechanical undercuts present, requiring at 
least 50% of dentin bonding (12). Nano filled resin 
composite (Filtek Z350 XT) was used in our study 
has a forming of nanocluster in a broad range of sizes 
enabling a high filler loading hence high strength 
and wear resistance, and it was used since filler 
technology might significantly influence the dental 
composite performance (13). Total-etch technique 
was applied because a phosphoric acid etching step 
is utilized to modify both the dentin and enamel 
surfaces allowing adhesives penetration into the 
tooth surfaces (14). Self-etch technique utilize the 
acidic adhesive that demineralize and penetrate the 
surface simultaneously (15).

Silver nitrate migrates easily in the interface due 
to its tiny sized diameter molecule. This small size 
and high reactivity to stain after binding tightly to 
any exposed collagen fibrils that are not enveloped 
by the adhesive resin makes the sliver nitrate the 
most appropriate agent to detect the nanoporosities 
within the hybrid layer (16).

Our result revealed that the highest leakage mean 
value score was for those resins composite samples 
bonded to superficial dentin using self-etch adhesive 
system at 6 months storage time that was confirmed 
by scanning electron microscope.  Leakage spaces 
was found at hybrid layer interface, because 
it contains an acidic monomer and hydroxymethyl-
methacrylate which makes these polymers very 
hydrophilic and absorb water into the dentin 
interface and act even after polymerization as semi-
permeable membranes. This means increased silver 
uptake into the hybrid and adhesive layers resulting 
in higher amount of nano-leakage.  This could be 
attributed to the fact that hybrid layer is porous 
somewhat, and is accessible to silver dye (17).

It was valuable to mention that the self-etch 
adhesive do not totally remove the smear layer 
or open all the tubules since the self-etching 
materials have higher pH values than that of total-
etch adhesive systems, and self-etching materials 
are not rinsed away, thus, the smear layer are 
incorporated into the bonded layer. Furthermore, 
as the self-etch adhesive systems only modify 
the smear layer, the residual water may lead to 
incomplete polymerization of the adhesive, limiting 
resin-dentin bond quality (18).

This result was in agreement with Hashimoto 
et al (19), who studied nanoleakage by transmission 
electron microscopy, and stated that; nanoleakage 
was observed in all the tested groups, but it was 
more pronounced for the self-etch adhesives 
when compared to the total-etch adhesives. The 
SEM finding also showed that the total etched 
dentin surfaces were continuously covered by the 
adhesive layer and sent very fine processes into the 
anatomizing tubules. This may be due to the specific 
characteristics of different adhesive systems that 
determine the amount of smear layer removal, 
demineralization of the underlying dentin, as well 
as the ability of the adhesive to wet and penetrate 
the dentin (20).
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The difference in nanoleakage likely to be 
dependent on the dentin adhesive type used due 
to variable infiltration ability or difference in 
resin monomer composition or solvent. The self-
etching adhesives are more hydrophilic than the 
total-etch adhesive systems and more permeable to 
water originated from dentin and therefore, more 
susceptible to degradation of resin-dentin bonds (21). 

This also came in agreement with Ulker  et 
al. (22), who found that the conventional total-etch 
adhesive systems tended to show less nanoleakage 
than the self-etch adhesives when they used the 
field emission-SEM (FE-SEM).   Results are not 
in agreement with Zidan (23) who concluded that 
self-etch adhesive systems resulted in the least 
penetration of silver nitrate hybrid layer as they 
have the potential to form a hybrid layer and seal 
dentin and the collagen fibrils. 

Also the results were not in agreement with Sou-
za et al  (24), who evaluated the effect of ethanol-wet-
bonding technique on dentin adhesive infiltration, 
by means of nanohardness, elastic modulus and 
nanoleakage and concluded that the use of universal 
adhesives is an alternative to create a stable bond. 
This could be attributed to the impregnation of the 
hydrophobic monomers in the dentin substrate de-
creases water amount of the interface, that would 
improve the hybrid layer characteristics at baseline 
and overtime (25).

The greater leakage obtained using total etch 
(Single Bond plus) can also be explained by the fact 
that its bonding mechanism is based on the total 
removal of the smear layer following etching with 
phosphoric acid, which leaves an exposed collagen 
network available for primer impregnation(26) .This 
results came in agreement with Atash et al(27), 
who concluded that  self-etching adhesive system 
presented significantly lower values of leakage than 
did the Single Bond one-bottle system, either in the 
immediate assessment 24 hours or after 3 months of 
water storage.

CONCLUSIONS 
Under the limitation of this study, the following 

conclusion was evident:

1. Self etch bonding agents has a positive effect on 
decreasing resin composite leakage

2. Using self-etch bonding with deep dentin is 
advisable agents to decrease leakage of resin 
composite.

3. Leakage of resin composite to is a time 
dependent process.
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