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ABSTRACT

Objectives: The purpose of this study is to evaluate the influence of grape seed extract (GSE) solution as dentin biomodification on microleakage 
between composite resin and dentin.

Methods: A total of 52 dentin specimens were divided into two groups. Group 1 involved the application of GSE solution for 30 seconds after etching. 
Group 2 served as the control group.

Results: The GSE solution group significantly increases microleakage between the composite resin and dentin compared to the control group.

Conclusions: The application of GSE solution after etching can increase microleakage between composite resin and dentin.
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INTRODUCTION

Composite resin filling is a material that is often used for dental 
fillings, especially on the anterior teeth. Composite resin has a varied 
selection of colors that can resemble the color of teeth and requires 
minimal preparation [1,2]. Composite resin is one type of adhesive 
restoration, which is needed to attach the restoration to enamel and 
dentin. Buonocore discovered the first generation of adhesive systems 
in 1955, and since then, eight generations have been developed [3]. 
Dentin in humans consists of 50% inorganic material, 25% organic 
material, and 25% water. Most inorganic material in dentin is 
composed of hydroxyapatite. Meanwhile, 90% of the composition of 
organic material consists of collagen fibers Type I, and the rest is non-
collagen protein [3]. The parts of dentin that play a role in the process 
of adhesion are dentinal tubules and intertubular dentin. Etching the 
dentinal tubules is done to dispose of the smear layer that formed 
during the process of mechanical teeth preparation. If the dentinal 
tubules are opened, this can allow the bonding material to penetrate 
the dentinal tubules, forming resin tags. Meanwhile, in the intertubular 
area, some minerals will dissolve as deep as 6 µm due to etching for 
15  seconds, leaving collagen fibers for the adhesive attachment. The 
bonding material will penetrate the gap of the collagen fibers forming 
the hybrid layer. The bonding of composite resins to dentin is harder 
than their bonding to enamel due to the heterogeneous characteristics 
of dentin, which increase the possibility of adhesive failure [3-5].

The failure of the adhesive in a composite resin filling occurs due to 
several factors, including the smear layer covering the dentinal tubule 
layer, the permeability of dentinal tubule fluid, the contraction force 
between the composite resin and teeth during the polymerization 
process, and damage to the hybrid layer. The failure of the adhesive 
results in microleakage between composite resin fillings in teeth. 
Microleakage is a gap between the filling and a tooth, which permits the 
entry of fluid or bacteria into the gap. Bacteria and liquid that penetrate 
the microcracks can lead to secondary caries, hypersensitivity, and 
irritation of the pulp [3]. Microleakage in the teeth most often occurs 
in the gingival wall. The gingival wall is formed by dentin; dentin 
consists of minerals, organic components, and dentinal tubules, which 
contain fluid that complicates the process of adhesion [6]. Grape 

seed extract (GSE) contains Vitamin E, flavonoids, linoleic acid, and 
proanthocyanidin. Recently, in the world of dentistry, there have been 
new developments regarding the beneficial effects of GSE. Some of the 
properties of GSE that have been examined make it possible for GSE 
to be used as a root canal irrigation material, antibacterial against 
Enterococcus faecalis and Streptococcus mutans, and a dentin collagen 
cross-linking booster [7-10]. GSE can be obtained by directly extracting 
grape seed or using GSE that has been mass produced. Today, many GSE 
solutions are sold in packaging for use as health supplements.

The previous study reported that the use of GSE can strengthen 
collagen cross-linking so that the condition of the collagen fibers can be 
stable and more resistant to damage [11]. Liu et al. conducted a study of 
dentin specimens that were etched for 15 seconds, then dentin mineral 
becomes soluble so that 6 µm of the collagen was exposed, collagen 
that is exposed will be more susceptible to damage when contaminated 
with the collagenase enzyme derived from bacteria and saliva [10]. 
In this study, GSE with 0.5-15% proanthocyanidin was applied to 
the specimens, and then the specimens were immersed in a solution 
containing the enzyme collagenase. Spectroscopic observations 
showed that the application of GSE with 2-15% proanthocyanidin for 
30  seconds can prevent further damage to collagen. Thus, GSE with 
2-15% proanthocyanidin can be used as a dentin biomodification 
ingredient to prevent collagen damage that can lead to microleakage. 
This study will compare microleakage between a composite resin filling 
and dentin using a total-etch bonding system with the application of 
GSE solution on dentin.

METHODS

The specimens used included 52 layers of dentin derived from 
maxillary premolar teeth removed for orthodontic purposes. Before 
the teeth were used, they were stored in saline water and used within 
1 month after extraction. Teeth that were used had to meet the inclusion 
and exclusion criteria. Enamel on the mesial and distal premolars 
was removed using a diamond bur, leaving only the dentin tissue. 
The research sample was then divided into two treatment groups, 
respectively, with a total of 26 samples. Group 1 was treated as follow: 
Dentin was etched with 37% phosphoric acid for 15  seconds, rinsed 
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with running water for 5  seconds, and sprayed with light wind. GSE 
solution was then applied to the dentin for 30 seconds, and then rinsed 
with water. In humid conditions, the dentin was bonded for 15 seconds, 
then sprayed with light wind for 5  seconds, and then irradiated for 
15  seconds (according to the rules of the factory). Group  2 (control 
group) was treated as follow: Dentin was etched with 37% phosphoric 
acid for 15  seconds, rinsed with running water for 5  seconds, and 
sprayed with light wind. In humid conditions, the dentin was bonded 
for 15 seconds, then sprayed with light wind for 5 seconds, and then 
irradiated for 15 seconds (according to the rules of the factory).

In both groups, composite resin filling procedures were performed 
using a mold round with a 6-mm diameter and 1-mm height. The 
composite was then irradiated for 20  seconds. The entire surface 
of a tooth receiving a filling was covered by nail polish up to 1  mm 
from the edge of the restoration. The specimen was then soaked with 
a solution of 1% blue methylene for 24 hrs at room temperature. 
Next, the specimen was dried, left for 24 hrs, and rinsed with running 
water. Samples were split using a diamond disc in a horizontal 
direction without water at the mid-restoration point horizontally. 
The penetration of blue methylene was checked for each piece using 
a microscope with a 20-times magnification and a millimeter grid. 
The biggest leakage rate on each side was used as the data. If the 
data were normally distributed, the data obtained from each group 
were analyzed using an independent t-test. However, if the data 
distribution was not normal, then the analysis was completed using 
the Mann–Whitney test.

RESULTS

This study analyzed the influence of GSE solution on the amount 
of microleakage between a composite resin filling and dentin. 
Observations were made with a stereomicroscope with a magnification 
of 20 times. The depth of the penetration of blue methylene that showed 
microleakage was measured in millimeters using a millimeter grid. 
On the normality test, data were obtained for samples >50; then, the 
Kolmogorov–Smirnov test was used, and the obtained value was p<0.05. 
It could be concluded from the distribution of data in both groups 
that the data were not normal. Therefore, an analysis of the data was 
completed, followed by the use of the non-parametric Mann–Whitney 
test. On the Mann–Whitney test, a value of p<0.05 was obtained, so it 
can be concluded that there was a significant difference in microleakage 
between the groups that applied GSE after etching and control.

In Table  1, the median and mean scores for microleakage between a 
composite resin filling and dentin in the GSE group after etching is 
higher than that of the control group. The significance value of both 
groups is p=0.001, and because p<0.05, it can be concluded that there 
was a significant difference in microleakage between the groups 
that applied GSE after etching and control. In Table 2, the smallest 
percentage of microleakage between resin composite filling and dentin 
(0%) is in the group of 0  mm of GSE solution microleakage, and the 
greatest percentage (73%) is in the control group with no microleakage.

DISCUSSION

This study analyzed the effect of GSE solution on microleakage between 
a composite resin filling and dentin in vitro. The background of this 
research refers to the research of Liu and Wang, which highlighted the 
ability of GSE as a reinforcement material for dentin collagen cross-
linking after etching, to prevent damage to collagen fibers that can 
lead to microleakage [9]. Dentin specimens were taken from the first 
and second maxillary premolars that were removed for orthodontic 
purposes, by removing the enamel surface in mesial and distal sections. 
The selection of the samples of the extracted teeth was done with the 
aim of achieving uniformity in the samples so that any anatomical 
variations that could be found among the samples were minimal. The 
teeth were soaked in saline water and used within 1 month after their 
extraction to keep them in moist conditions, especially the collagen in 
the dentin [11].

To achieve adhesion between the composite resin and dentin, an 
adhesive system was needed. The adhesive system used in this study 
is the fifth-generation total-etch, where etching is done in the enamel 
and dentinal areas, followed by the application of a monomer bonding 
material. Etching on dentin is done to dispose of the smear layer that 
closes the dentinal tubules so that the bonding material can penetrate 
the dentinal tubules forming resin tags. Meanwhile, on intertubular 
dentin, etching will cause the demineralization of most mineral layers 
and leave only collagen fibers. The bonding material then penetrates 
the gap of the collagen fibers forming the hybrid layer. The dry 
conditions of the dentin will result in the collapse of the collagen fibers 
and complicate the penetration of the bonding material [3]. Based on 
research that Malik et al. conducted in 2014, the moist conditions of the 
dentin will cause the collagen fibers to stand up and will facilitate the 
penetration of the bonding material into the gap of the collagen fibers. 
The bonding material, which is hydrophilic, will replace the existing 
water in the collagen fibers. The remaining water will then be wasted 
during the process of flattening the bonding material using sprayed 
wind [12].

The composite used in this study was nanotype. Nanocomposites 
have filler particles that are 0.1-100 nm in size; this type of composite 
has greater esthetic properties and strength compared with microfill 
and hybrid composite resin. Since it is so good, it is often used as a 
nanocomposite filling in the anterior and posterior teeth [13]. The 
composite filling in this study lay on one field surface, that is, the 
pulp wall with the lowest C-factor and minimized the occurrence of 
composite shrinkage when polymerization occurred, which can lead 
to microleakage. When the polymerization of monomer material in the 
composite resin is transformed into polymers, shrinkage occurs and 
potentially causes microleakage [3,14]. This study was performed in 
vitro with dye penetration methods that Taylor and Lynch introduced 
in 1992. This method can reveal microleakage through the penetration 
of dye between composite resin fillings and teeth. The dye used in this 
study is blue methylene 1%. This substance has very small particles 
(<2 µm) compared with India ink (10 µm), even smaller than dentinal 
tubules (1-4 µm), and bacteria (2-4 µm), which helps to explain the 
microleakage that occurs in composite resin fillings and teeth [15,16]. 
To prevent the penetration of blue methylene into open dentinal 
tubules, the entire surface of a tooth is covered by nail polish up to 
1 mm from the edge of the composite filling.

The GSE solution used in this study contained 2.9% proanthocyanidin. 
Proanthocyanidin has the ability to be a collagen cross-linking booster. 
Proanthocyanidin consists of a free hydroxyl phenyl group that has the 
ability to bind a protein amino acid. The phenyl hydroxyl group forms 

Table 1: Mean±SD and CI of microleakage between composite 
resin and dentin in GSE and control groups

Treatment 
group

n Median (mm)  
(minimum‑maximum)

Mean±SD p value

GSE 
solution

26 2 (1‑3) 1.8±0.75 0.001

Control 26 1 (0‑2) 1.2±0.52
Mann–Whitney statistic test, significant value of p<0.05. SD: Standard deviation, 
GSE: Grape seed extract, CI: Confidence interval

Table 2: Summary and percentage of microleakage between 
composite resin and dentin in GSE and control groups

Microleakage (mm) GSE solution (%) Control (%)
0 0 sample (0) 2 samples (7)
1 10 samples (38) 19 samples (73)
2 11 samples (42) 5 samples (19)
3 5 samples (19) 0 samples (0)
GSE: Grape seed extract
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new hydrogen bonds that are more stable with the hydroxyl, carboxyl, 
amino, and amide chain groups. According to Liu et al., the application 
of GSE with 2-15% proanthocyanidin for 30  seconds on dentin that 
has been etched can improve cross-linking between collagen fibers, 
making the collagen fibers more resistant to damage that can lead to 
microleakage [10,17-19]. Therefore, in this study, the application of GSE 
solution for 30 seconds was sufficient for increasing the cross-linking of 
collagen dentin, according to research by Liu and Wang [9].

The results showed that the median value of the microleakage of the 
GSE solution application group after etching was greater than that of 
the control group, and there was statistically no significant difference 
between the two (p=0.001). This means that microleakage improved 
in the GSE solution application group. Thus, the hypothesis that GSE 
solution application can reduce the value of microleakage between 
dentin and a composite resin filling was rejected. Microleakage in the 
GSE solution application group was mostly 2 mm (42%), followed by 
a leakage of 1 mm (38%) and a leakage of 3 mm (19%). It was larger 
than that of the control group, which had the highest leakage of 1 mm 
(73%). Microleakage on dentin cannot be eliminated entirely due to the 
condition of dentin, which contains many organic tissues. It is different 
from the enamel, of which 90% consists of an inorganic network. Some 
research on microleakage indicated that it can still happen between a 
composite resin filling and dentin; therefore, microleakage at a scale of 
1 mm is still considered tolerable. Clinically, microleakage on dentin is 
still protected by the density between the enamel and resin composites 
[3,6,11]. The amount of microleakage in the GSE solution application 
group after etching was possibly the result of the presence of other 
substances in the GSE solution used in this study. The GSE solution that 
was used is a type of mass-produced beverage. The composition of this 
solution includes water, GSE, and glycerin.

Glycerin has the chemical formula of C3H5(OH)3. Hydrogen bonds are 
formed with water, so glycerin can be dissolved in water or alcohol. 
Glycerin has the properties of being colorless, odorless, hydrophilic, 
hygroscopic, and a certain viscosity. Glycerin is obtained from a 
byproduct of saponification or from the process of making soap from 
animals and vegetables. The content of glycerin in GSE solution functions 
as a thickening agent. If GSE solution is applied to dentin that is etched 
for 30 seconds and then rinsed with water spray for 15 seconds, this 
will likely still leave a residue. Glycerin has a high viscosity and can 
be dissolved only by water, followed by mechanical cleaning. Residual 
glycerin is expected to remain attached to the collagen fibers and is 
not dissolved by water rinses. This causes delays in bonding in the 
demineralized dentin layer, thereby disrupting the formation of the 
hybrid layer and increasing the occurrence of microleakage [20]. Based 
on a scanning electron microscope examination of the GSE solution 
application group, there seems to be a gap in the hybrid layer. Gaps 
are likely due to the carryover of glycerin on collagen fibers, thereby 
disrupting the penetration of bonding and causing the hybrid layer not 
to form perfectly. The fact that GSE and glycerin may not be washed 
away by water spray could potentially interfere with the polymerization 
process of composite. Proanthocyanidin in GSE is known to have free 
radical compounds that can interfere with the process of composite 
resin polymerization [21].

CONCLUSION

The application of GSE solution for 30  seconds after etching has 
increased the likelihood of microleakage between a composite resin 
filling and dentin. Further research needs to be done with the same 

method concerning microleakage between composite resin fillings and 
dentin using pure GSE.
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