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Imagistic Analysis of Dental Adhesives Loaded with Nanoparticles
Used on Teeth Sealing of Pits and Fissures with Resin Based Materials
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Recent assessments show an increase in the incidence of tooth decay. In addition to prophylactic treatments
using fluoride and  diet focused on low sugar consumption, application of sealing materials to the teeth
surfaces is the best protection against the appearance of dental caries on both temporary and permanent
teeth.Tooth sealing  applied using  conventional method, plus the application of adhesive systems can lead
to noticeable results over time.An increased thickness of the adhesive layer may lead to microinfiltration
and implicitly to a failure of the dental caries protection therapy.Loading the dental adhesive with magnetic
nanoparticles and applying it to the surface of the teeth with the help of a the magnetic field attempts to
reduce and uniformize the thickness of the adhesive layer, which can lead to a reduced decrease in the
occurrence of dental caries under the sealing materials for pit and fissures on the occlusal surfaces.
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Dental caries are still considered a condition that affects
the quality of life and health of the affected person. One of
the most important measures for preventing caries, besides
rigorous hygiene and the use of fluoride, can be considered
sealing the pits and fissures on the surface of the teeth
with dental sealants [1].

Even though the rhythm of dental caries is on a
downward trend, some research has shown that nearly a
quarter of preschool children experience carious lesions
on temporary teeth [2].

An imbalance in the dynamics of the demineralization /
remineralization process leads to the loss of minerals and
implicitly to the appearance of the carious processes.
Dental caries involve many protective and risk factors.
Biological, behavioral and environmental factors can
influence the severity of carious disease. Decreasing the
pH of the bacterial plaque to 4 can lead to destruction of
dental tissue over time, while the presence of fluoride in
the dental biofilm is a protective factor for the teeth [3].

The most important risk in the appearance of dental
caries is the presence of active demineralization areas  on
the proximal and occlusal teeth surfaces. This component
is recognized to be the most important risk factor in tooth
decay for all ages [4].

The presence on the dental surfaces of the active carious
lesions may be an impediment to the use of resin-based
sealant and glass ionomer sealant. Literature indicated that
sealant efficiency is 100%  after 1 year application and
98% at 3 years and 8 months. If lesions on the occlusal
surfaces of the teeth are without  cavities (ICDAS 0-4),
they can be sealed with dental sealants and can be
evaluated with devices such as  DIAGNOdent or QLF [5].

Dental materials used for pit and fissures sealing on
dental surfaces are represented by resin-based sealants
and glass ionomer sealants [6].
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Resin sealants can be used to prevent tooth decay for
both children and adolescents by applying protective
materials to the occlusal surfaces of permanent molars
[7].

Among the advantages of glassionomer sealants is the
change in fluoride level in the oral cavity, which can lead to
an increased rate of caries prevention. Over time, compared
to resins based sealants, glassionomer sealants had a
higher failure rate [8].

By mixing the benefits of the two groups of materials,
the researchers developed fluoride-releasing compomers
and modified resin ionomers [9-11].

To prevent or to stop the progression of non-cavity carious
lesions,  resin based dental materials for pit and fissures,
can be used with success [12, 13].

The disadvantages that can occur in the case of dental
seals with resin based materials are the contraction during
polymerization and the possibility of microinfiltration. These
microinfiltrations will cause the occlusal barrier to break
with saliva penetration and bacteria colonization, resulting
dental caries [14].

The penetration ratio of the sealing material is not
affected by the sealing material nor the enamel surface on
which it is applied. The penetration ratio of the sealant is
modified by the morphology of the surface to which it is
applied, i.e., the Y-shaped fissures allow the smallest
penetration of the sealing material, and the U-shaped
fissures have the highest penetration ratio for the sealant
[15].

Clinical retention of sealing materials has been
significantly improved by applying to the dental surface of
self-etch adhesives or those using the etch-and-rinse
technique by pre-etched acid engraving of the enamel [16].
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The thickness of the adhesive layer applied to the tooth
surface by conventional techniques for direct or indirect
teeth restoration is between 0 and 500 microns [17, 18].

The purpose of this study is to analyze the thickness
layer of dental adhesive (between the dental surface and
the resin material used in sealing of the dental pits and
fissures) loaded with magnetic nanoparticles and applied
on the surface of the enamel using conventional technique
and  the aid of a magnetic field applied for 2 min and 5 min.

Experimental part
In this study, 20 non-carious extracted teeth were used.

All the pits and fissures were covered by dental sealants
applied with conventional adhesive technique, the
adhesive layer being analyzed by the optical microscopy.

The technique used to seal the pits and fissures of
occlusal surfaces included the use of Guluma 2Bond dental
adhesive manufactured by Kulzer (Germany), ASeal F
sealing material produced by Schulzer (Germany), 37%
phosphoric acid produced by Cerkamed (Poland) and
single-Fe3O4 particles (fig.1.a.).

For 5 samples, the applied adhesive was not loaded with
magnetic nanoparticles, being applied to the surface of
the teeth by brushing, followed by air-blowing and light-
curing. For the other 15 samples, the dental adhesive was
loaded with magnetic nanoparticles (fig.1.b.).

For 5 samples, the magnetic nanoparticle loaded
adhesive was applied by brush, air-blown and
photopolymerized for 20 s , and for the other 10 samples
the adhesive was applied to the surface of the teeth in a
magnetic field for 2 min for 5 samples and  5 min for the
other 5, being subsequently photopolymerized for 20 s (fig
3a, fig 3b.) .

Fig.1. a) Armamentarium
used in this study;

 b) Single core Fe3O4

particles mixed with
dental adhesive

For all samples, demineralization of enamel surfaces
with phosphoric acid was performed for 30 s, followed by
water jet washing and air-jet drying for 5 s (fig.2.a.). After
demineralization with 37% phosphoric acid, the adhesive
was applied to enamel surfaces (fig.2.b.).

Fig.2. a) Demineralization of
enamel surfaces with
phosphoric acid 37 %;

b) Application of dental
adhesive loaded with

magnetic nanoparticles on
the enamel surfaces

Fig.3. a) Magnetic field
application on teeth, always in

contact with the surfaces
b) Adhesive

photopolymerization for 20 s

After the photopolymerization of the adhesive, resin
based material was applied on teeth surfaces (fig.4.a.,
fig.4.b.).

All the samples were cut and analyzed by optical
microscopy. The A377 Optical Microscope used up to 200x
sizes, and the acquisition of larger images was achieved
using a 2MPX acquisition sensor with a focus of up to
40mm. Data acquisition was made via the USB 2.0 port of
the central computer. The surface brightness of the
samples was generated using the 10 leds on the CMOS
sensor edges (fig.5.a,b, fig.6.a,b)

Fig.4. a, b)  Samples view
after resin based sealant

application

Fig.5. Optical analysis of
the samples  a) Adhesive

layer without nanoparticles
inclusion  on sample

probes b)  Adhesive layer
with nanoparticles

insertion applied on teeth
without magnetic field
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Adhesive layer measurements were made using the
ImageJ software, by importing images and calibrating
pixels according to the scale generated by the optical
microscope.

Results and discussions
Application of adhesive on dental surfaces should

improve the binding strength of the final adhesive
restoration and should prevent dental sensitivity and
bacterial contamination, by sealing the dentinal tubes.[19]

An important factor, besides the adhesion power, is also
the thickness of the adhesive layer that can influence the
adaptability of the applied materials over it [20].

The use of sealants over adhesives has a higher success
rate at 6 months after application, than the use of sealants
without the use of adhesive materials [21].

The presence of a layer of adhesive between the tooth
and the sealing material for pits and fissures does not affect
the success of the sealing procedure. When it is impossible
to isolate the teeth and the saliva control is deficient, the
quality of the seals can be increased by applying a layer of
adhesive [22].

As a result of the measurements made, the thickness of
the adhesive layer without  nanoparticles ranged between
0.067 mm and 0.378 mm (fig.7, table 1).

The results of the sample measurements in which the
adhesive was loaded with ferric nanoparticles generated
thicknesses of the adhesive layer ranging from 0.018 mm
to 0.112 mm, its thickness decreasing by incorporating
the nanoparticles into the adhesive mass (fig.8, table 2).

The adhesive loaded with magnetic nanoparticles and
applied to the surface of the teeth in the magnetic field for
2 min generated adhesive layer thicknesses between 0.011
mm and 42 mm. (fig.9, table 3)

The thickness of the adhesive layer in the case of
samples in which magnetic nanoparticles adhesive was
applied to the surface of the teeth by means of a magnetic
field for 5 min was further diminished, having values
ranging from 0.011 mm to 0.028 mm, observing an
uniformity on the interface between the tooth and sealing
material. (fig.10, table 4)

Fig.6. Optical analysis of the
samples a) Adhesive layer

applied on teeth in a magnetic
field for 2 min b)  Adhesive
layer applied on teeth in a

magnetic field for 5 min
Fig.7 Optical microscopy measurements for dental probes with

adhesive without magnetic nanoparticles reinforcement applied on
teeth surfaces without magnetic field

Fig.8 Optical microscopy measurements for dental probes with
adhesive loaded with nanoparticles applied on teeth surfaces

without magnetic field

Fig.9 Optical microscopy measurements for dental samples with
adhesive applied in a magnetic field for 2 min

Table 1
AREAS OF INTEREST AND

THICKNESS OF THE ADHESIVE
LAYER FOR SAMPLES WHERE

ADHESIVE WASN’T LOADED WITH
MAGNETIC NANOPARTICLES
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Fig.10 Optical microscopy measurements
for dental probes with adhesive applied

in a magnetic field for 5 min

Table 3
 AREAS OF INTEREST AND
THICKNESS VALUES FOR

SAMPLES WHERE ADHESIVE
LOADED WITH

NANOPARTICLES WAS
APPLIED IN MAGNETIC FIELD

FOR 2 min

Table 2
 AREAS OF INTEREST AND

THICKNESS OF THE ADHESIVE
LAYER FOR SAMPLES WHERE
ADHESIVE WAS LOADED WITH
MAGNETIC NANOPARTICLES

AND APPLIED ON TEETH
WITHOUT MAGNETIC FIELD

Table 4
AREAS OF INTEREST AND
THICKNESS VALUES FOR

SAMPLES WHERE ADHESIVE
WAS APPLIED IN MAGNETIC

FIELD FOR 5 min

Conclusions
On the basis of the analyzes performed, the loading of

the dental adhesive with magnetic nanoparticles and its
application in the procedures of sealing the dental pits and
fissures prior to the application of the resin sealing material
leads to the decrease of the adhesive thickness layer.

Applying dental adhesive loaded with nanoparticles on the
surface of the teeth by in a  magnetic field also leads to a
decrease in the thickness of the adhesive layer, but also to
an  surface uniformity of the adhesive, involving superior
control of the materials used.
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