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ABSTRACT: This research paper aims to
investigate the micromorphological pattern of
resin/dentin interface of HEMA-free adhesives in
comparison with HEMA-containing adhesives. The
specimens were examined using scanning electron
microscope (SEM) at magnification x1000, half of
the specimens were investigated immediately after
preparation, while the other half were exposed to 6
months’ water storage and 5000 thermalcycles
before examination.
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I. INTRODUCTION

Achieving sufficient hybridization inside
collagen fibrils and the durability of the resin-dentin
interface are both essential for good dentin
adhesion,it is important to recognize that, the
hybridization mechanism, in which an interdiffusion
zone, also known as a "Hybrid layer," is formed,
fulfils the occurrence of the micromechanical
retention of the restoration.[1]

Due to the relatively high water content of
dentin, adhesive compositions should have a
specific level of hydrophilicity to adequately wet
and penetrate the dentin surface for optimal
hybridization. As a result,2- hydroxyethyl
methacrylate (HEMA), which is a hydrophilic
monomer ,is commonly added to adhesive
components, not only as a co-solvent but also as a
diffusion promoter for other monomers to form the
hybrid layer[2] into the demineralized dentin surface
.Besides, HEMA improves the wetting ability of the
dentin, because of its high hydrophilicity. [3]

HEMA is considered a possible
component that reduces the durability of adhesion,
because of water sorption and hydrolytic bond
degradation that is associated with HEMA-
containing adhesives, [4]this hydrolytic degradation
of the adhesive interface has negative clinical
effects, including dentin hypersensitivity, marginal
discoloration, and the possibility of secondary
caries. As a result the durability and stability of the

restorations would reduce.[5] Furthermore, HEMA
may be liberated from the adhesive and move
through the dentinal tubules to the dental pulp.
Thus, it is known with its harmful cytotoxicity and
genotoxicity.[6]

For that reason, adhesive systems without
HEMA monomer have been introduced to avoid its
negative effects.[3]They known as HEMA-free
adhesives. However, the lack of HEMA in the
adhesive makes it more susceptible to a separation
phase between hydrophobic and hydrophilic
components.[7, 8] The phase-separation of HEMA-
free adhesives would form water droplets by water
separation from the adhesive monomer,[9] which
frequently expresses water-tree nanoleakage that
formed inside the polymerized adhesive layer,
because of osmotic infiltration of remaining water
on the dentin surface or water transferred from the
dentinal tubules.[8, 10]

Although, many studies have been
accomplished to assess the laboratory and clinical
performance of these adhesive systems, the efficacy
of HEMA on the success of composite restorations
is still debatable. Numerous studies [7, 11-13] found
no statistically significant changes between the
clinical and laboratory performances of HEMA-free
and HEMA-containing adhesive systems.However,
other studies [14-16] reported that these two
adhesive systems (HEMA-free and HEMA-
containing adhesive systems) performed differently
in clinical and laboratory conditions. Thus, this
study aims to investigate the micromorphological
pattern of these two adhesive systems.

Il. MATERIALS AND METHODS:

Twelve Freshly extracted human molars
were obtained from the oral surgery clinic of
Faculty of Dentistry, Mansoura University. The
reason of extraction was due to periodontal diseases.
Any soft tissue or hard deposits were removed from
the molars using hand scaler, rubber cups, pumice
water slurryand low speed.The extracted molars
were checked using stereomicroscope (ZEISS Stemi
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508, Wetzlar, Germany) to detect caries, cracks, and
previous fillings.

Only sound, intact and unrestored teeth
were chosen for this study. The molars were placed
in a 0.5% solution of chloramine-T (Faculty of
Pharmacy, Mansoura University, Egypt) for two
days to disinfect,[17] then kept in distilled water at
4°C until use.The occlusal enamel was removed
using periapical radiographs to reach to the mid-
coronal dentin.Poly vinyl chloride (PVC) (PVC 1.4
X 2.5 ¢cm) tubes used as molds where the sectioned
teeth were positioned and inserted in cold cured
acrylic resin (Acrostone, Egypt).In order to establish
a standardized smear layer, the molars'
occlusalsurfaces were polished for 60 seconds with
600-grit silicon carbide paper.

Two dissimilar adhesive systems were
applied to dentin surface of the prepared teeth, half
of the specimens received HEMA-free adhesive
system (G2-bond universal, GC, Tokyo, Japan), and
the other half received HEMA-containing adhesive
system (Clearfil SE bond, Kuraray Noritake, Tokyo,
Japan).Clearfil AP-X(Kuraray Noritake, Tokyo,
Japan) resin composite was incrementally placed on
the bonded surface in (2-3) ml using a metal band
surrounding the specimen and acting as a mold.
Each layer was light cured for 20 seconds using a
light cure unit (Elipar TM Deep Cure-S LED Curing
Light). The intensity of the LED unit was measured
by a radiometer with a power of 1300 W/cm and a
wavelength range of 350-520 nm. After the
composite had fully cured, the metal band was
removed, and the teeth were kept at room
temperature in distilled water for 24 hours before
the test.Half of the specimens were investigated
immediately and the other half were assigned to
aging protocol which was storage in artificial saliva
for 6 months,then thermalcycling for a total number
of 5000 cycles.

The teeth were additionally prepared for
SEM. Each specimen was divided into two equal
halves, using a water-cooled diamond disk at low
speed (IsoMetTM 4000, Buehler Ltd., Lake Bluff,
LL, USA) along their long axis, perpendicular to the
resin-dentin interface.Resin-dentin  slabs  were
obtained from each half and polished with silicon
carbide paper of different grits (600, 1000, 1200,

2000 and 4000) using a polishing cloth. The final
polish was achieved with diamond pastes of
decreasing sizes (6 um, 4 um and 1 um
respectively). The specimens were placed in a
digital ultrasonic bath (Guilin, Woodpecker |,
Guangxi , china) to remove the debris.The
specimens received a 10-minute ultrasonic cleaning,
then kept in saline solution for 10 minutes at room
temperature  before undergoing an acid-base
challenge. This involved exposing them to a 10%
orthophosphoric acid solution for 10 seconds and
then to a 5% sodium hypochlorite solution for 5
minutes. This technique removed any dentin that
was not filled with resin. The specimens were gold
sputtered twice (SPlI Module - Sputter Carbon /
Gold Coater, EDEN instruments, Japan) and
examined in secondary electron detection mode
using a SEM (JSM- 6510LV, JEOL, Japan) with an
accelerating voltage of 30 KV and a working
distance of 10-15 mm. The images were taken at
magnification x 1000. The methodology followed
the published paper by Hamama et al.[18]

I1l. RESULTS:

A descriptive micromorphological analysis
of the interfaces between different adhesives and the
dentin surfaces was carried out for each group. SEM
images of the G2-immediate group showed tubular
penetration of adhesive into the dentin surface, and
the formation of discrete resin tags of the adhesive
penetrating the dentin surface with the presence of
interfacial gaps that represent the smear layer. There
were signs of separation at the interface as. The
SEM images of Clearfil SE bond immediate group
showed long and thick resin tags with funnel shaped
pattern penetrating the dentin surface without any
evidence separation or interfacial gaps, the presence
of a hybrid layer was also obvious . According to
the aging group of G2- bond, there were resin tags
varied in shape and length penetrating dentin
surface, minor interfacial gaps and a thin hybrid
layer could be seen. In SEM images of the Clearfil
SE aging group there were short and distinct resin
tags penetrated the dentin surface with the presence
of minor interfacial gaps. (Figure 1).
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Figures 1:SEM micrographs showing the resin-dentin interface of all the tested groups at

magnification x1000.

IV. DISCUSSION

Despite the significant advancements in
adhesive technology over the past 50 years, many
challenges with the longevity of the adhesive
interface remain unsolved. It's still difficult to
achieve an impervious seal between resin and
dentin substrate.[1] Dental adhesion process mainly
depends on the production of an appropriate hybrid
layer. The creation of hybrid layer mainly depends
on the incorporation of monomers within the dentin
substrate, regardless of the thickness of the
adhesive layer and the depth of the resin tags that
penetrate into the dentinal tubules.[19]Therefore, a
perfect interdiffusion of the adhesive system inside
a collagen scaffold may not be created in a suitable
manner.[20]

scanning electron microscope SEM was
used to determine the micromorphological
topography in the current study because it has high
magnification and one of the best tools to
determine the adhesive interface between the tooth
substrate and dental material, and it is used to show
hybrid layer that produced when a monomer is
impregnated into the surface of demineralized
dentin to create an acid-resistant layer of resin-

reinforced dentin.[21]The immediate group of G2-
bond showed little resin-interdifution with discrete
and few resin tags, signs of separation throughout
the interface and interfacial gaps that represent the
smear layer can be seen too. Smear layer is a region
of tooth preparation debris that is dispersed over
the surface during tooth preparation. Some of this
debris create smear plugs, which reduce the
permeability of the dentin by 86%, by obstructing
the orifices of the dentinal tubules[22] and decrease
resin penetration. The possible justification might
be due to the hydrophobic nature of G2-bond as its
HEMA-free adhesive with lower ability for
monomer interdiffusion in the hydrophilic dentin.
On the other hand, On the other hand, the
immediate group of Clearfil SE had more resin
interdifusion with long, thick and funnel shaped
resin tags. There was no signs of separation
through the interface or interfacial gaps that
represent smear layer. This may have attributed to
hydrophilic nature of HEMA-containing SE bond.
The aging group of G2-bond, which was
exposed to 6-month storage in artificial saliva and
5000 thermalcycles, had more resin interdifusion
than its immediate analogue. A study by Hatirli et
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al[23] agreed with this outcome , and showed
thermal aging did not affect negatively the bond
strength of the adhesive. This might be due to the
composition of G2-bond as it contains MDP
monomer, thus the aging conditions can hardly
degrade it. On the other hand, the aging group of
SE bond had lower monomer interdiffusion than its
immediate analogue, because sorption and
solubility during storage are phenomena that lead
to chemical changes, which cause adverse effect on
the mechanical properties of polymeric materials,
and they also play a role in the hydrothermal
degradation of resin composites. Based on the
composition and microstructure of the materials,
the diffusion of solvents into the polymer network
causes a volumetric expansion as a result of the
separation of polymeric chains. Aqueous solvent
absorption causes swelling, which is accompanied
by the loss of non-reacted components, erosion of
the filler-matrix interface, and plasticization with a
decrease in stiffness, hardness, wear resistance, and
flexural strength.[24]

V. CONCLUSION

Additional clinical studies are needed to
determine the durability of the restorations bonded
with HEMA-free adhesive systems, because the
study is limited to laboratory conditions, but within
the limitations of this study, it can be concluded,
HEMA-free adhesive systems had lower rate of
monomerinterdiffusion  inside  dentin,  while
HEMA-containing adhesive systems had higher
rate of monomerinterdiffusion.
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