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Abstract
Background: The success of adhesion to the tooth structure plays an important role in the dental restoration, 
which can effectively avoid the terrible clinical problems during the bonding process, including the secondary 
caries and the loading of adhesive compositions with fillers and nanoparticles with antibacterial properties 
has led to a significant reinforcement effect of the adhesive.

Objective: The current study is designed to investigate the effects of addition of 2% of fluorinated graphene 
on the adhesive-dentin hybrid layer for two types of commercially available universal adhesive, guided 
using the etch and rinse technique as a bonding procedure.

Method: Forty extracted premolar teeth will be divided into four groups of ten teeth. Group I: the non-
incorporated (Prime & Bond Universal) bonding agent (Control group). Group II:using the 2% FG 
nanoparticles incorporated (Prime & Bond Universal) bonding agent. Group III: non-incorporated (All 
Bond Universal) bonding agent (Control group). Group IV: using the incorporated (All Bond Universal) 
bonding agent. The degree of conversion was also measured using Fourier transform infrared spectroscopy 
(FTIR). The antibacterial activity of the adhesives was evaluated using agar diffusion test against the 
following bacteria: Streptococcus mutans and Lactobacillus salivarius obtained from saliva.

Results: A significantly greater antibacterial activity was obtained with adhesives containing a 2% fluorinated 
grap hene nanoparticles than other groups (P<.01). Degree of conversion of tested adhesives was not change 
significantly after addition of 2% of fluorinated grap hene nanoparticles.

Conclusion: The antibacterial effect of adhesives that incorporated with 2% of fluorinated graphene 
nanoparticles was higher than the non-incorporated etch- and rinse adhesive systems. The degree of 
conversion of adhesives was not significantly different.
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Introduction
Success in adhesive dentistry means long-lasting 

restorations. Notwithstanding, the loss of adhesion or 

retention of a resin composite restoration is a frequent 
problem observed by dental practitioners, especially 
due to bond strength degradation⁽¹ ̵²⁾. The loading of 
adhesive compositions with fillers and nanoparticles has 
led to a significant reinforcement effect of the adhesive 
⁽³ ̵⁴̵ ⁵⁾.Fluorinated graphene (FG), an up-rising member 
in the family of graphene derivatives, is a kind of one-
molecule-thick material ⁽⁶⁾. Graphene has been reported 
to be highly cytotoxic for bacteria and can thus serve as 
an antibacterialmaterial, so we could speculate that as a 
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member of graphene family, FG may also have similar 
effect ⁽⁷⁾. In previous studies, the antibacterial function of 
graphene is believed to be caused by both physical and 
chemical effects ⁽⁸⁾.

Materials and Method
Preparation of modified universal adhesives: 

Two commercial universal adhesive agents; Prime 
& Bond Universal adhesive (Dentsply, Tusla dental 
specialties, USA (and All- Bond Universal adhesive 
(Bisco Inc, USA) wereselected in this study. The 
fluorinated graphene nanoparticles (FGN) (Hyper Chem 
Co., chaina, Let. No. Q19011701) was used as filler 
particles and it was submittedto the silanizationprocess 
to improve the adhesion interface between the filler 
nanoparticles and the adhesive matrix so that the FGN 
was treated with3-metacryloxypropyltrimethoxy (MPS) 
silane coupling agent using a procedure described by 
Deb et al. in 1996 ⁽¹²⁾.

Apercentage of 2 w% of FGN was chosen from 
a pilot study out of 4 different percentages (1, 2, 3, 4 
w. %) because this constration didn’t adversely affect 
the viscosity, color stability and flowability of the 
adhesives⁽¹³⁾. Then the FGN was dispersed in 6 ml 
of each adhesive by ultrasonication for 1 h to obtaining 
ahomogenous mixture.

Degree of conversion test: For FTIR spectroscopic 
analysis, equal droplet amount of each adhesive resin 
was placed on a transparent poly-ethylene film. With 
a gentle steam of air, the solvents were evaporated for 
30 seconds and then covered with a second film and 
pressed softly to form a thin layer of the adhesive. The 
“sandwich” was placed into the sample holder of FTIR 
spectrometer (Equinox 55, Bruker, Germany) (Fig. 
3), and the absorbance peaks of the unpolymerized 
adhesives were recorded by transmission mode at a 
resolution of 4 cm-1, with scans in the range of 400-
4000 cm-1⁽¹⁴⁾. The adhesives were then light–cured 
with an LED Bluephase (IvoclarVivadent, Lichtenstein) 
light–curing unit with a light intensity of 600 mW/cm2 
for 40 seconds and the absorptions were recorded for 
the cured adhesive specimens. The DC% was calculated 
from the ratio of absorbance intensities for aliphatic 
C=C (peak at 1638 cm-1) and the internal reference of 
aromatic carbon-carbon double bonds (peak at 1608 cm-
1) were recorded before and after curing the specimens, 
according to the following equation⁽¹⁴⁾:

Fig. 3. Set-up for measuring degree of conversion of adhesive resins by Fourier transforms infrared (IR) 
spectroscopy ⁽¹⁴⁾.
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Microbiological Study: The microbiological study 
was conducted in the Department of Microbiology in 
the Medical Center in Baghdad, to evaluate and test 
the antibacterial activity of incorporated adhesives 
and was compared to the control non-incorporated 
adhesives against selected microorganisms which 
was Streptococcus mutan sand Lactobacilli, since 
these are the main microorganisms associated with the 
development and progression of carious lesion (Primary 
and secondary caries).

Adhesive specimenwells with an inner diameter of 
8 mm and a depth of 1.0 mm was prepared. Total forty 
wells wereprepared, ten wells for each group, 5 wells 
of each group wereused for each microorganism. The 
medium that used for antibacterial activity test will be 
Mueller-Hinton agar for Streptococcus mutans and 
MRS broth for Lactobacilli (19).

The selective medium for the cultivation of 
Streptococcus mutans was Mitis Salivarius Bacitracin 
Agar and for Lactobacilli was MRS Agar⁽¹⁵⁾.

A.	 Culture Medias:

1.	 Mitis Salivarius Bacitracin Agar (MSB): 
Mitis salivarius bacitracin (MSB) agar is 
the selective medium for the cultivation of 
MutansStreptococci⁽¹⁵⁾.

2.	 MRS Agar (Lactobacillus Selection Agar): MRS 
Agar was a semi-defined, partially selective medium 
for the isolation and enumeration of lactobacilli 
from foods and from intestinal, vaginal, and dental 
flora ⁽¹⁴⁾.

B.	 Isolation of microorganisms:

The microorganisms were cultured directly from 
swabs that were taken directly from mouth of volunteer 
patients. The swab will be rolled over a small area of the 
surface at the edge on MSB agar and MRS Agar; then 
was streaked for isolation from this inoculated area.

For MSB agar, the plates was incubated 
anaerobically utilizing a gas pack for 48 hours at 37 °C 
then aerobically for 24 hours at room temperature, while 
for MRS Agar, the plates was incubated anaerobically 
for three days at 37 °C ⁽¹⁵⁾

C.	 Measurement of the inhibition zone: After 24 
hours of incubation, the MRS agar plates was 
removed from the incubator and was examined for 
the inhibition zone around each well in (mm) after 48 
hours of incubation using a ruler around each disc. 
The measurement of the inhibition zone was done 
by two microbiologists separately to get the best and 
reliable standardized results for this test⁽¹⁵⁾.

Statistical Analysis: Statistical analysis was done 
by Statistical Package for Social Sciences (SPSS) version 
24. Results were calculated as mean ± standard error of 
means (SEM).Comparison among groups was done by 
using a one-way Analysis of variance (ANOVA). The 
statistically significant differences were considered 
when P<0.05.

Results
Degree of conversion (DC%): Table 2 and figure 

2 showed that there were non-significant differences 
(P>0.05) in degree of conversion of incorporated All 
Bond Universal adhesive agent with 2% fluorinated 
graphene (Group II) compared to the corresponding 
degree of conversion of the non- incorporated All Bond 
Universal adhesive agent (Group I). Mean±SEM of 
degree of conversion of (Group I) & (Group II) were 
respectively, 85.9200±.27479vs. 86.2600±.27536. 
Similarly, table 2 and figure 2 there were non-significant 
differences (P>0.05) in degree of conversion of the 
incorporated Prim & Bond Universal adhesive agent 
with 2% of fluorinated graphene (Group IV) compared 
to the non-incorporated Prim & Bond Universal adhesive 
agent (Group III). Mean±SEM of degree of conversion 
of (Group III) & (Group IV)were respectively,74.880
0±.21124vs.75.9200±.18547.

Table 2: The mean of Degree of conversion (DC) %in the four experimental groups

Groups Degree of conversion (DC)% 
Mean±SEM

Group I: The non-incorporated (Prime & Bond Universal) bonding agent (Control group). 85.9200±.27479ͣ

Group II: The incorporated (Prime & Bond Universal) bonding agent with 2% fluorinated graphene 86.2600±.27536ᵇ

Group III: The non-incorporated (All Bond Universal) bonding agent (Control group). 74.8800±.21124ͣ

Group IV: the incorporated (All Bond Universal) bonding agent with 2% fluorinated graphene 75.9200±.18547ᵇ
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Figure 1. Bar chart showing the mean of Degree of conversion (DC)% in the four experimental groups

Antibacterial test: The mean and standard error of 
mean values of the inhibition zone for the Streptococcus 
Mutans microorganism results for tested adhesive 
groups are represented in tables (3). The results of this 
study showed that Group IV: the incorporated (All 
Bond Universal) bonding agent with 2% fluorinated 
graphene exhibited high percentage of reduction of the 
Streptococcus Mutans microorganisms among the tested 
adhesive groups as shown in figure (3). Furthermore, 
ANOVA test shows that there is a highly significant 

difference in SBS mean group II (the incorporated 
All Bond universal + 2% fluorinated graphene) in 
compression with group I (the non-incorporated All 
Bond universal bonding agent)(p<.01) and there is 
a highly significant difference in SBS mean group IV 
(the incorporated Prim & Bond universal + 2% 
fluorinated graphene) in compression with group 
III (the non- incorporated Prim & Bond universal 
bonding agent)(p<.01).

Table 3: The mean of diameter of inhibition in the four experimental groups

Groups N
Diameters of 

Inhibition Zone 
Mean±SEM

Group I: The non-incorporated (Prime & Bond Universal) bonding agent (Control group). 10 0.000 ±.0000

Group II: The incorporated (Prime & Bond Universal) bonding agent with 2% fluorinated graphene 10 21.700*±0.232

Group III: The non-incorporated (All Bond Universal) bonding agent (Control group). 10 0.000±.0000

Group IV: The incorporated (All Bond Universal) bonding agent with 2% fluorinated graphene 10 21.8000±0.133 #
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Figure 3. Bar chart showing the mean of Diameters of inhibition zones in the four experimental groups.

Discussion
Durable and high bond strength to dentin is the 

goal of all the restorative materials and procedures. 
Clinical failure of adhesive restorations happens more 
often due to insufficient sealing of cavity margins, with 
subsequent discoloration, rather than complete loss of 
retention ⁽²²̵ ²³⁾. Results from the present study showed 
that the degree of coversion of tested adhesive agents 
that incorporated with FG nanoparticles and the pure 
adhesives are not change significantly. Secondary caries 
is one of the most common reasons which are responsible 
for the limited longevity of indirect restoration ⁽²³⁾.In 
previous studies, the antibacterial function of graphene 
is believed to becaused by both physical and chemical 
effects. The most important mechanism is the bacteria 
cell membrane destruction by the sharp edges of graphene 
nanosheets in suspensions⁽²⁴⁾. The chemical effect is 
primarily oxidative stress created by reactive oxygen 
species (ROS) ⁽²⁴⁾and extraction of phospholipids 
from the cell membrane. A study found that graphene 
layer reduces the attachment of microbes⁽²⁴⁾.
Recently; researchers found that graphene oxide 
nanosheets would be an effective antibacterial material 

against dentalpathogens ⁽²⁵⁾. Our research showed 
that the antibacterial behavior of the conventional 
adhesives could be enhanced by FG and the effect is 
more obvious for specimens with higher FG. Similar to 
graphene, the physical damage toward bacteria by sharp 
edges and chemical effect may also be responsible forits 
antibacterial property.

Conclusion
In addition, adhesive/FG composites showed 

superior performance of killing S. mutans and 
Lactobacilli bacteria. The presented work shows FG has 
potential to improve antibacterial properties and degree 
of conversion of adhesive agents.
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