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Clinical performance of restorative materials and their adhesive interfaces can be affected by erosion after
rehabilitation of erosive lesions. The aim of the present in vitro study was to evaluate the erosive wear
resistance and adhesive bond strength of direct restorative materials, using four different testing tools. Four
aesthetic dental filling materials were included in the study: a universal nano-filled composite, a light curing
posterior filling composite resin, a tooth-coloured polyacid modified composite resin (compomer) and a
coloured compomer indicated in restorations of deciduous teeth. Fifteen specimens were prepared according
to each of the four tested restorative materials. Following manufacturers’ instructions for the manipulation/
mixing of the materials, adhesive systems and unset pastes were placed in cavities of 4mm length, 3mm
width and 1mm depth prepared in bovine extracted teeth and cured. After 24 hours of rehydration in distilled
water, each group was immersed in erosive solutions chosen for testing: 1% citric acid and 0.02% phosphoric
acid. Scanning electron microscopy (SEM) and atomic force microscopy (AFM) were used in order to analyze
the degrees of erosive wear of the materials following exposure to the various erosive solutions. Also,
microtensile bond strength (µTBS) was made and the obtained data was analyzed by one-way ANOVA test
and two-sample t-test, with a level of significance that was set at p<0.05. Experimental results reveal that
the dental filling materials showed different behaviour under the same erosive conditions. These findings
suggest that erosive wear resistance of direct dental restoratives could influence their longevity in intraoral
acidic conditions.
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The improvement in life quality and longevity with the
consequent longer maintenance of the teeth in the oral
cavity, significantly increased the prevalence and severity
of tooth wear in the world population. In addition to that,
the combination of factors such as higher consumption of
acidic foods and the presence of psychosomatic eating
disorders transformed dental erosion in a disorder of great
concern to dentists and also in an important and increasing
issue worldwide addressed by the researchers [1]. Defined
as an irreversible loss of dental hard tissue due to chemical
mechanisms, dental erosion does not involve acids derived
from oral bacteria, such as the dental caries, but, chelating
substances and acids derived from the diet, medication
and occupational intrinsic sources [1, 2]. With the
development of adhesive systems and within the concepts
of minimally invasive restorative treatment the direct
composite restorations are conservative procedures that
can rehabilitate teeth affected by erosion [3]. Furthermore,
it is conceivable that patients will fall back into their old
erosive behaviour  after the application of restoratives [2,
4, 5], therefore the clinical performance of the dental
materials and adhesive interfaces can be affected.

Many previous reports have found dental erosion to be
significantly associated with the diet factors [6], particularly
soft drinks consumption [7]. Unfortunately, consumption
of acidic soft drinks has increased continuously during the
recent decades in both developed and developing countries
[2] and might have led to the increased prevalence of
dental erosion [3, 8]. The harmful effects of these
beverages include enamel or dentin erosion, dental material
and adhesion alteration [9, 10]. Hence, a number of studies
described erosion dynamics by acidic beverages,

associated or not with abrasion on enamel [8-11, 13] or
dentine [12, 14]. Conversely, there is less evidence on the
impact of erosive drinks on aesthetic coloured restoratives
and on adhesive bond strength between tooth and material
[1, 15, 16].

Only few studies have been conducted to investigate
any detectable damage on the adhesion of hybrid
composite resin samples or other tooth-coloured materials
under persisting erosive conditions using dietary acids [1,
17]. Given the growing use of these restoratives and the
wide spread use of soft drinks in diet it seemed worthwhile
to conduct further studies in this regard.

The aim of this study was to determine the surface
changes of contemporary dental direct restoratives
subjected to an erosive challenge and the quality of the
aesthetic material-tooth structure bonded interfaces using
scanning electron microscopy, atomic force microscopy
and microtensile bond strength. It was aimed to provide
information on aesthetic dental filling materials regarding
their relative abilities to resist to erosive attack. The tested
experimental hypothesis was that exposure to erosive
solutions would influence surface degradation, chemical
composition and the created resin–dentine interfaces of
the evaluated dental restoratives.

Experimental part
Material and methods

Four aesthetic dental filling materials (shown in table I)
were included in the study: (1) a universal nano hybrid
composite; (2) a light curing posterior filling composite
resin; (3) a tooth-coloured polyacid modified composite
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resin (compomer), and (4) a coloured compomer indicated
in restorations of deciduous teeth.

Sixty bovine teeth were stored in 0.5 % chloramine
solution at 4 °C until the beginning of the experiment. A
low-speed diamond saw (Isomet, Buehler Ltd., IL, USA)
was used to create standardized cavity moulds of 4mm
length, 3mm width and 1mm depth and the surface was
cleaned with wet cotton in distilled/deionized water to
remove any remnants. An all in one adhesive system was
applied in the dental cavities according to manufacturers’
instructions and light cured. The polymerization procedure
was carried out for the manufacturers’ recommended
exposure time, using a light-curing equipment (Demetron
II, Kerr Corporation). Following instructions for the
manipulation/mixing of the materials, unset pastes were
placed in the cavity moulds covered with celluloid bands
and cured. Each increment of ≈ 1 mm thick was light cured
using Demetron II lamp and the light intensity was
monitored by means of radiometer (Curing Light Meter 105,
Demetron Research Corporation, USA). Fifteen specimens
were prepared according to each of the four tested
restorative materials, using the same adhesive system.

The erosive solutions chosen for testing were: 1% citric
acid and 0.02% phosphoric acid, respectively. These
solutions represent the most common acids found in soft
drinks. The using of generic formulae for solutions
preparation was used as the citric and phosphoric acid
concentration of beverages varies between batches and is
difficult to preserve for prolonged periods: (1) 1.0% citric
acid (pH 3.6) as proposed by Shellis et al.[22]; (2) 0.02%
solution of phosphoric acid, found to result in a pH of 2.74,
which is the pH of most of the traditional cola drinks [23].

The specimens (n=60) were stored individually for 24
hours in distilled water to achieve rehydration and dried
with filter paper. Each sample group consisting of dental
materials previously presented (G1; n=15, G2; n=15, G3;
n=15, G4; n=15) was randomly distributed to three
subgroups (n=5): two groups were assigned to one of the

immersion media used and the third was the control group
(CG) which was not subjected to erosive treatment. The
subgroup specimens were immersed individually in 40 mL
of 1% citric acid (CA) and 0.02% phosphoric acid (PA),
respectively for a period of 8 h. The containers were
incubated at 37°C under constant slow agitation using an
Orbital Incubator (Biosan, Latvia).

The specimens were air dried, mounted on aluminum
stubs and then examined using a scanning electron
microscope type FEI QUANTA 3D FEG dual beam in high
vacuum using EDT detector. The SEM images were used
to view surface damage on dental materials. The surface
details at higher level of the sample, for controls (CG) and
for CA and PA treated specimens, have been acquired in
air with a commercial AFM instrument (Veeco, Germany)
operating in tapping mode.

The teeth were individually fixed to a sectioning block
mounted on an acrylic resin. Each specimen was serially
sectioned in the occlusogingival direction producing 3 mm
thick slabs, free from the root and were termed as beams.
For group-G1 and G2 beams consisted of resin composite in
the upper third and dentin in the lower two thirds while in
group G3 and G4 beams were made of compomers upper
and dentine lower. Fifteen specimens of each group were
taken for micro-tensile bond strength test having cross-
sectional area 3 mm × 3 mm. The beams were then
attached to a custom made Jig Prepared by Electrical
Discharge Machine by cyanoacrylate glue. The jig with
specimen was fixed in a micro-tester. Micro-tensile force
was applied parallel to long axis of each specimen at a
crosshead speed of 1 mm/min until the beam fractured.
The tensile load at which the fracture occurred was
recorded.

Results and discussions
The experimental results obtained after the surface

analysis using scanning electron microscopy and atomic
force microscopy are shown in figure 1-4, for each type of
dental materials in similar storage conditions.

Table 1
EXPERIMENTAL MATERIALS USED IN THIS STUDY FOR DIFFERENT GROUPS
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Scanning electron microscopy images micrographs of
nanohybrid universal restorative exposed to CA and PA (fig.
1) showed extensive surface changes associated with
missing areas of some particles.

The posterior hybrid composite resin showed minimal
surface changes in group exposed to CA as compared to
CG (fig. 2). Filler particles on the control group appeared
unaffected for the first three tested materials showing a
relatively smooth surface without evidence of matrix
degradation.

The aesthetic polyacid modified resin exhibited reduced
changes in filler particles when exposed to CA and PA (fig.
3).

For coloured polyacid modified resin small particles
were completely missing in the CG, whereas large particles
experienced considerable surface loss which extended into
the interface between particles and matrix, when exposed
to CA and PA (fig.4).

Among the four restorative materials tested, the most
severe changes in the surface morphology were found in
coloured compomer caused by erosive attacks, followed
by universal composite and posterior composite.

The microtensile bond strength data expressed as mean
and standard deviation (SD) are shown in table 2.

The increased occurrence of dental erosion combined
with the lack of research on erosive resistance of adhesively
fixed direct dental resotratives, led to the decision to carry

out this in vitro study. In 2011 Sauro et al [15] investigated
using confocal microscopy (CLSM), AFM nano-indentation
and microtensile bond strength test (TBS) the quality of
the resin–dentin interfaces conditioned with phosphoric
acid or EDTA. It was found that HEMA-containing adhesive
applied onto H3PO4-etched ethanol or water-wet dentin
created hybrid layers with the lowest biomechanical nano-
properties. Zimmerli et al. evaluated the influence of
different surface preparation techniques on long-term
bonding effectiveness to eroded dentin [16].

A review published in 2013 by Attin and Wegehaupt
regarding the impact of erosive conditions on tooth-
coloured restoratives, mentioned that in literature
information on the behaviour of dental filling materials
under still persisting erosive conditions are limited [2].

In all the fields of science and technology the relationship
between the structure, chemical composition and
properties of a material is a critical issue for its desired
functionality. Nowadays it is possible to investigate this
relationship with the strength of the nanoscale, and recently
also the field of dental materials is undergoing extensive
application of nanoscience and nanotechnology concepts,
including atomic force microscopy [18 - 21].

The samples that were pH cycled presented significant
mineral and morphological changes. The three-

Fig. 1 Result of microscopically surface analysis illustrating the
differences on the morphological pattern compared to control
group (CG) of restoratives after cycling in citric acid (CA) and

phosphoric acid (PA). A–C: Universal composite resin showing an
eroded surface with loss of filler particles (white arrows)

(magnification 5000×)

Fig. 2. Result of microscopically surface analysis illustrating the
differences on the morphological pattern compared to control group

(CG) of restoratives after cycling in citric acid (CA) and phosphoric acid
(PA): a) SEM results (magnification 5000×); AFM results

Fig. 4.  Result of microscopically surface analysis Representative
SEM images illustrating the differences on the morphological

pattern compared to control group (CG) of restoratives after cycling
in citric acid (CA) and phosphoric acid (PA). J–L: Coloured samples

showing eroded areas (white arrows) in the surface of the
restoration; (magnification 5000×)

Fig. 3. Result of microscopically surface analysis Representative SEM
images illustrating the differences on the morphological pattern

compared to control group (CG) of restoratives after cycling in citric
acid (CA) and phosphoric acid (PA). G–I: Aesthetic compomer

different degrees of erosive wear. (magnification 5000×).
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dimensional representation of the surface gives a realistic
impression of a relatively smooth surface for the aesthetic
compomer, with some flat narrow grooves for the coloured
compomer. The surface quality of the products
investigated differs significantly. During erosive de-
gradation, calcium from the restoratives are dissolved,
which eventually leads to a collapse of the surface
structure [22-24]. Therefore, determination of chemical
dissolution by assessing the amount of calcium is important
for assessing dental materials erosive behaviour [24]. The
results of the present study showed that G2 and G3 had
significantly lower degree of chemical degradation
compared to G1 and G4 after acid exposure.

Although erosion-inhibiting effects of fluoride have been
reported by many studies [25, 26], there is limited
information concerning clinically relevant changes to the
restorative materials that may take place when restored
teeth are subjected to erosive attack. In previous studies,
amount of mineral dissolved by erosive drinks, acids and
foodstuffs was assessed [24, 27].

SEM images showed differences on the morphological
pattern of the tested materials. Among all materials tested,
the coloured compomer (developed for the restoration of
deciduous teeth) showed the most significant surface
degradation and substance loss. Based on the above results,
the experimental hypotheses that different erosive agents
have a different effect on restorative materials composition
affecting their adhesion with the dental hard structures
under the testing conditions, were therefore accepted.

The findings are in agreement with a previous study [23]
demonstrating the effectiveness of resin containing
materials in providing protection of enamel in advanced
cases of erosion. Composite resin and porcelain restorations
had the best chemical resistance to erosion among all the
materials (composite resin, glass ionomers, resin modified
glass ionomers and porcelain) in the study conducted in
2010 by Wan Bakar [23].

In contrast to the present study results, other studies
revealed significant differences in surface appearance and
composition of composite resins and polyacid modified
resins. Aliping and McKenzie [28] assessed the effect of
Coca-Cola and fruit juices on the surface hardness of glass–
ionomers and ‘compomers’. The results showed that all
materials presented similar results, sharp reductions in
surface hardness in acidic beverages [28]. This may be

due to the different application time between the previous
and the present study (1 week, 1, 3, 6, 12 month vs.8 h) or
related to the distinct composition and structure of the
tested restorative materials.

There are important variations in the composition of
different dental restorative materials, even within the same
categories, and it is rather difficult to generalize the results
as only four materials out of two types of dental restoratives
(composite resins and compomers) were investigated in
the current study. However, extrapolation from the present
findings indicated that posterior composite resin and
aesthetic compomer have the best resistance to erosive
attack among the tested restorative materials. Based on
the present evidence, coloured compomers might be more
vulnerable to acid attack than aesthetic polyacid-modified
resin composites. However, these hypotheses need to be
explained with caution and clarified with further studies.

The SEM images showed that all the materials had
morphological surface changes after erosive attack. In the
present study, atomic force microscope (AFM) was used
as a tool to study at high level of magnification and on
some small areas the surface structural morphology and
roughness of direct dental restoratives subjected to erosion.
AFM is not only a tool to image and characterize the
topography of solid surfaces at high resolution. In this study,
AFM was selectively used to characterize the structural
changes of erosively demineralized dental filling materials
because it has an advantage over the other ultra-high
vacuum measuring equipments, such as SEM  [29-33].

Erosion was shown to negatively affect the bond
strength, as also reported previously by Zimmerli et al. [16].
For the adhesive system evaluated, the adhesion to dentin
was compromised. In our study the bond strength
evaluation revealed the highest values for G1 and the lowest
for G4.These results should be considered before the
restorative treatment in patients with erosive behaviour.

In vitro studies are generally difficult to extrapolate to
conditions in vivo but they have the advantage that individual
parameters such as erosion time, erosive agents and pH
values can be controlled. However, extrapolation of
laboratory research into in vivo condition is difficult as the
absence of pellicle and saliva. The saliva is considered the
most important biological factor influencing dental erosion
due to its ability to act directly on the erosive agent itself by
diluting, clearing, neutralizing, and buffering acids. The
saliva also plays a role in forming a protective membrane,

Table 2
 MEAN (MPa) AND STANDARD DEVIATION (SD) VALUES OF THE MICROTENSILE BOND STRENGTH TEST
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and to reduce the demineralization rate and enhance
remineralization to eroded enamel and dentine [27, 34].

The present results have to be interpreted within the
frame of the study design. Both acid exposure regimens
may represent exaggerated clinical conditions and our
study can therefore only be assumed as a pilot for further
studies and for clinical approaches in particular. Further in
situ or in vivo studies are needed to determine the acid
resistance of restorative materials.

Conclusions
Within the limitation of this in vitro study, we concluded

that aesthetic polyacid modified resins exhibit greater
erosive resistance than coloured compomers and universal
nano hybrid restoratives. Therefore material selection
should be considered when planning restorations in
patients who experiencing erosive tooth surface loss. AFM
has proven to be an efficient tool capable to characterize
the changes in surface of dental restorative materials and
the variations in surface nano-mechanical properties
enabling more clear understanding of the structural/
properties correlation associated with erosive factors.
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