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Abstract

The aim of the present in vitro study was to compare the marginal adapta-
tion and micropermeability of class II restorations with a gingival wall, located
1 mm below the enamel-cementum junction, restored with two conventional
dimethacrylate composites (Filtek P60 and Filtek Ultimate), and two innova-
tive composites with a modified polymer matrix (Venus Diamond and Kalore)
over ten months of ageing. The marginal adaptation to the proximal margins
of the cavity was analyzed and evaluated by the SEM. The dye method was
used to assess the micropermeability, and the analysis was performed using a
stereomicroscope. The same samples were used for both studies. A correla-
tion analysis was done based on the data to establish the relationships between
marginal adaptation and micropermeability.

A statistically significant difference in the estimates for marginal adap-
tation of materials to the gingival, vestibular, and lingual proximal edges for
values of excellent marginal adaptation (p < 0.005) was found. F.P60 differed
significantly from V. Diamond and F. Ultimate. Kalore is arranged in the mid-
dle and does not differ considerably from the above two groups. According
to micro permeability, a significant difference was found between F. Ultimate
with better results and F.P60 and Kalore (p < 0.005). There was a significant
correlation (p = 0.008) between the excellent scores for marginal adaptation
to the edge of the gingival wall and micropermeability. It can be concluded
that innovative high-molecular-weight composites do not significantly improve
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marginal adaptation and micropermeability in class II cavities, with a gingival
wall located entirely in dentin.

Key words: Kalore, Venus Diamond, marginal adaptation, microperme-
abillity

Introduction. The application of resin-composite restorations in the molar
area is still associated with problems. Clinical data suggest that the most com-
mon causes for failure of these restorations are secondary caries and restoration
fractures [12].

The polymerization shrinkage of the organic matrix is among the main prob-
lems of composite materials. It generates stress inside the material, the cav-
ity /restoration border, and the tooth structure itself. As a result, forces arise
that can separate the restoration from the cavity walls [>%]. This discrepancy
allows micropermeability, dental hypersensitivity, secondary caries, damage to
the dental pulp. Furthermore, when the gingival wall of the cavity is below the
enamel-cement junction, the problem is complicated by more difficult drying of
the field, difficult adaptation of the material, and a more unreliable adhesive bond
only to the dentin [?].

Over the last decade, more diligent and successful work has been done on
changing the composition of the polymer matrix of resin composites, dictated
mainly by reducing the polymerization shrinkage. One strategy to reduce the
polymerization shrinkage involves using high molecular weight monomers in the
polymer matrix composition [¢]. The presence of high molecular weight monomers
reduces the initial amount of double bonds, which in the polymerization of the
matrix leads to a reduction in bulk shrinkage while maintaining a high level of con-
version [7]. As a result, monomers such as TEGDMA and Bis-GMA are excluded
from the composition of the materials.

The present in vitro study compares the marginal adaptation and microp-
ermeability of class II restorations made with two conventional dimethacrylate
composites and two innovative composites with a modified polymer matrix over
ten months of ageing.

Working hypothesis: Low-shrinkage composites with modified polymer ma-
trix lead to a reduction of micropermeability. They allow building an acceptable,
marginal connection to both the enamel and the dentin proximal margins of the
class IT cavities.

Materials and methods. The materials included in the study are presented
in Table 1.

Forty standardized class II cavities (MO/DO) on extracted intact human
third molars were prepared. The molars were extracted for orthodontic purpose
and collected with patients’ informed consent.

The parameters of the cavities were approximately the following: vestibular-
lingual size = 3 mm; medial-distal size = 2 mm; axial size = 5 mm. The gingival
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Table 1

Low shrinkage resin composites, included in the study

Material Organic matrix Material type and filler loading
Kalore DuPont monomer; | Nanohybrid contains prepolymerized
(G.C)) UDMA; dimethacrylate particles

co-monomers Filled 82% wt
Venus Diamond TCD-urethane; UDMA Nanohybrid,
(Heraeus Kulzer) Filled 81% wt
Filtek P60 Bis-GMA; TEGDMA; Condensable
(3M-ESPE) UDMA; Bis-EMA Filled 80% wt
Filtek Ultimate Bis-GMA; TEGDMA; Nanocomposite
(3M-ESPE) UDMA; Bis-EMA Filled 79% wt

wall was located 1 mm below the enamel-cementum junction. The edges of the
cavities were not bevelled.

The cavities were prepared with turbine cylindrical burs with a rounded tip
(Z880-140-FG012M-NTI). The vestibular and lingual walls of the cavities were
approximately parallel to each other. After preparing the cavities, the teeth were
divided randomly with ten (n = 10) cavities per studied material.

All materials were applied after the application of the same three-step ad-
hesive system Optibond FL (Kerr). The adhesive system was used according to
the manufacturer’s instructions and after placement of a contoured metal matrix
(MetaFix-Kerr) and a wooden interdental wedge.

All materials were applied in 2 mm layers. Each layer was polymerized for
40 s with a diode lamp (Elipar FreelightIl; 3M-ESPE). The soft-start mode of
photoactivation was used.

After the restoration of the cavities, finishing and polishing were performed.
Once the fillings were completed, the teeth were placed in saline for 24 h, then
thermocycled every 1000 cycles (5—55°C for 1 min in each bath with a 30 s
interval between immersions/thermocycling apparatus T H E 1100/1200).

After completing the thermal loading, the samples were placed in saline for
ten months and stored at room temperature. Every two weeks, the solution was
renewed. After ten months, the samples were removed from the solution, dried,
and their apexes were sealed with adhesive wax. The restorations were insulated
1 mm from their border with nail polish and stained for 12 h in 2% methylene
blue. After removal from the dye, the teeth were washed under running water for
20 min and cleaned.

The samples thus prepared were coated with gold by low vacuum cathodic
sputtering (JEOL JFC-1200) and observed on a scanning electron microscope
(SEM-JEOL JSM-5510) for direct evaluation of the marginal edges of the restora-
tions. The peripheral connection was examined sequentially for each edge, a
25x magnification field, and a 250x magnification field to detail the SEM image.
The images were measured with KLONK Image Measurement 14.1.1.4, Copyright
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2013, Klonk Sm Ba. Estimates were presented as a percentage of the total length
of the relevant edge. The following ratings were given: 1. Excellent peripheral
connection; 2. Hypercontoured restoration in the area of the peripheral connec-
tion; 3. Hypocontour of the restoration in the area of the peripheral connection;
4. The gap between the edges of the cavity and the restoration.

When the SEM analysis was completed, the teeth were included into epoxy
blocks and cut longitudinally on a Leica SP 1600 microtome (1 mm slice thickness).
An assessment of microleakage follows. It was performed on a stereomicroscope
(Leica MZ6) at 40x. In this way, three slices are obtained for each sample.
The middle section can be observed medially and distally. Thus, a total of four
surfaces per sample are analyzed. This method increases the reliability of the
micropermeability study.

The penetration level of the dye was assessed on the following scale: 0. no due
penetration; 1. due penetration up to 1/3 of the gingival wall; 2. due penetration
up to 1/2 of the gingival wall; 3. due penetration over 1/2 of the gingival wall,
but the axial wall is not affected; 4. due penetration reaches and covers the axial
wall of the cavity.

The results obtained from both studies were statistically processed. The
IBM SPSS Statistics statistical package was used for statistical data processing.
ANOVA (analysis of variance), Chi-Square Analysis, Post-hoc LSD Analysis were
performed.

Correlation coefficients (according to Spearman) between the microleakage
and the scores for marginal adaptation to the proximal edges of class II cavities
were calculated.

Results. The median values of the results recorded in terms of marginal
adaptation to the proximal edges of class II cavities (SEM analysis) are presented
in Tables 2 and 3.

A statistically significant difference was found between the materials in terms
of marginal adaptation to the edge of the gingival base. The differences were in
terms of the following scores: excellent marginal adaptation (p = 0.005).

Post-Hoc (p = 0.003) analysis showed that F.P60 differed significantly from
the group of V. Diamond, F. Ultimate. On the other hand, Kalore is arranged in
the middle and does not differ considerably from the above two groups.

There is a statistically significant difference in the estimates for marginal
adaptation of materials to the vestibular and lingual proximal edges: excellent
marginal adaptation to the vestibular and lingual marginal edge (p = 0.012 <
0.05). Post-Hoc analysis showed that F.P60 differed significantly from V. Diamond
and F. Ultimate (p = 0.017). Kalore is arranged in the middle and does not differ
significantly from either of the above two groups.

The micropermeability results are shown in Table 4.

According to the summarized results for each of the materials, the Post-hoc
analysis showed that Filtek Ultimate differed significantly from Filtek P60 and
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Table 4

Results of micropermeability evaluation

Results
Values

Materials

0 1 2 3 4 Total

n |n| % n % n % |n| % n % %
1 | Filtek P60 40 | 51125 |10 | 25 6 15 | 71175 12| 30 100
2 | Filtek Ultimate | 40 | 7 | 17.5 |15 | 375 |10 | 25 | 4| 10 4 10 100
3 | Kalore 40 | 6 | 15 6 15 |10 | 25 | 9] 225 | 9 | 225 | 100
4 | Venus Diamond | 40 | 6 15 131325 9 | 225 |7 |175 | 5 | 125 100
X2 = 40.472 Kruskal Wallis, p = 0.005

Kalore (p < 0.001). Venus Diamond did not differ statistically significantly from
any of the materials (p = 0.179).

The four microleakage values for each sample of each material were averaged.
The correlation coefficients (according to Spearman) between the microleakage
and the excellent scores for marginal adaptation to the proximal edges of class II
cavities were calculated. There is a significant correlation (p = 0.008) between
the excellent scores for marginal adaptation to the edge of the gingival base and
micropermeability: correlational coefficient = —0.338 (R = —0.443, p < 0.001).

There are no significant correlations between the excellent scores for vestibular
and lingual proximal margin and microleakage to the axial wall of the cavities.

Discussion. We chose the II class of direct composite restorations, as they
have the most problems in marginal adaptation and stability over time. To avoid
the questionable significance of cervical enamel on the integrity of the composite
adaptation to the gingival margin, the cavities included in the present in vitro
study were prepared with a gingival wall 1 mm apically from the enamel-cementum
junction. The adhesive bond to the dentin is weaker than that to the enamel due
to the higher organic content of the dentin tissue, moisture from a dentinal fluid;
orientation of the dentinal tubules; the presence of odontoblastic growths; difficult
elimination of the contaminant layer [*9].

The importance of marginal adaptation to the dentinal gingival margin is
crucial for limiting micropermeability. When searching the correlations between
marginal adaptation and the level of micropermeability in class II cavities, we
found that the materials in which more excellent scores for the marginal gingival
edge: F. Ultimate and V. Diamond, showed lower levels of micropermeability.
There is a significant correlation between the excellent scores for the edge of the
gingival wall and the micropermeability. Following the correlation coefficients
between the estimates for the presence of gaps (open peripheral connection) and
the degree of micropermeability, we do not find significant correlations anywhere.
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Analyzing the results obtained from the present study, we can conclude that
the continuous, excellent marginal seal of the gingival margin in class II cavities
limits the micropermeability to the axial wall. This conclusion is in line with the
previous six-year, parallel in vitro/in vivo study ['°], which establishes a correla-
tion between laboratory and clinical studies results. Furthermore, it demonstrates
that the continuous contour of class II restorations is crucial for their clinical dura-
bility.

The analysis of the present study results leads to the rejection of the ini-
tial hypothesis, namely that the matrix-modified composites will lead to better
marginal adaptation and lower micropermeability of class II restorations. A sig-
nificant difference was found in terms of excellent results for marginal adaptation
to the edges of the gingival margin, located entirely in dentin only between F.P60
(conventional dimethacrylate composite) on the one hand, and a heterogeneous
group of materials — V. Diamond and F. Ultimate, on the other, as well as for
excellent values relative to the enamel edges of the cavity, where F.P60 again
shows significantly more unsatisfactory results than V. Diamond and F. Ultimate.
Among the materials that showed significantly better results is F. Ultimate, which
has a conventional dimethacrylate matrix.

Filtek P60 and Filtek Ultimate are composites with the same polymer ma-
trix. They were control materials in the present study. They were selected to
see the influence of the inorganic phase on the sealing properties of the materi-
als. F. Ultimate is a nanocomposite. The nanocomposites were created to reduce
the polymerization shrinkage (up to 1.92%) and increase the fillings’ mechan-
ical stability and aesthetics [?]. F. Ultimate has round-shaped filler particles,
which, according to some authors, further contribute to reducing the polymeriza-
tion stress ['!]. A study by SANTOS et al. [!?] analyses the properties of marginal
adaptation of Filtek Ultimate and Filtek P60 in cavities with different C-factor.
The study shows that despite the exact composition of the matrix differences in
the filling phase and modulus of elasticity (11.7 GPa Filtek P60/10.5 GPa Filtek
Ultimate), different behaviours concerning polymerization stress and gap forma-
tion. The nanocomposite with a lower modulus of elasticity generates less stress
and leads to more minor marginal defects ['2]. The lower level of polymerization
stress and the structure of the inorganic filler phase are a possible explanation for
the registered satisfactory, marginal adaptation of Filtek Ultimate in the present
study. The nanomaterial present in the materials showed the most excellent re-
sults for marginal adaptation to both the enamel and dentin edges of the cavity.
The material has the most excellent values registered in the area of the dentinal
gingival margin, which leads to lower micropermeability in the direction of the
axial wall of the cavities.

Venus Diamond is a low-shrinkage nanohybrid composite based on TCD-
urethane. TCD-urethane is a high-molecular-weight, low-viscosity methacrylate
monomer that does not require the addition of density-correcting agents, such
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as those used in Bis-GMA composites, and leads to increased shrinkage. The
polymerization shrinkage reduction is 1.6-1.7% [**!4], a more significant achieve-
ment than materials based on classical methacrylate chemistry. The most im-
portant advantage of the material is the reduced level of polymerization stress —
2.8 MPa [!3:15]. Stress is reduced compared to other low-shrinkage dimethacrylate
composites. According to researchers, this is due to the increased elasticity of the
TCD molecule and the slower polymerization, leading to stress relaxation [*¢]. In
addition, the polymer matrix structure allows reducing the modulus of elasticity
of the material despite the high content of inorganic filler (64 vol.%) ['3].

In the present study of the peripheral connection in class II cavities, V. Dia-
mond showed relatively better marginal adaptation to the vestibular and lingual
peripheral enamel edges (56%) than the dentinal edge of the gingival base (34%).
Despite reduced contraction stress, no significant improvement in marginal adap-
tation is observed. Nevertheless, the material is in the groups with better marginal
adaptation than the condensable conventional material F.P60. Scientific labora-
tory studies of the marginal adaptation of V. Diamond and other established
dimethacrylate composites ['4] confirm the better adaptation of TCD-material to
enamel than to dentin. The recorded values are similar to those reported for the
nanocomposite (Filtek Supreme) [*4].

Kalore (G.C.) is an example of a composite material whose matrix is a poly-
mer structure containing UDMA (urethane dimethacrylate) and the high molec-
ular weight methacrylate monomer DX-511 [*16]. The shrinkage during poly-
merization is 1.7-1.8% ['6:17]. The generated stress is 1.92 MPa ['8]. Kalore has
prepolymerizates in its filling phase. They further reduce the compressive strength
and increase the hardness, pressure resistance, and the possibility of good polish-
ing [17].

The material does not differ statistically with an excellent peripheral con-
nection either from the materials with a conventional matrix (Filtek P60, Filtek
Ultimate) or the other innovative composite Venus Diamond. Similar results are
present in the scientific literature [*°].

Other researchers stated that reduced shrinkage at the expense of a lower
concentration of reactive groups in Kalore is not as appropriate as the change in
a matrix made in V. Diamond [!®]. Evidence of this is the weaker physicomechan-
ical properties of Kalore compared to those of V. Diamond and the established
dimethacrylate hybrid material (Filtek Z250). The results of the present study on
marginal adaptation and related micro permeability complement these views.

In Kalore and V. Diamond, the increase in the molecular weight of the or-
ganic matrix and the increase in the proportion of filler particles led to increased
viscosity of the materials. From a clinical point of view, this hinders the good
marginal adaptation of the composite materials to the walls and corners of the
cavities. The material density can be a crucial factor for good adaptation to the
cavity elements ['%2°] despite the reduced shrinkage and reduced stress levels.
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Based on the results and limitations of the present in vitro study, the following
lusions can be made:

Innovative high-molecular-weight composites do not lead to a significant im-
provement in marginal adaptation and micropermeability in class II cavities,
with a gingival wall located entirely in dentin.

. There is a significant correlation between the excellent marginal adaptation

to the edge of the gingival wall, located entirely in dentin, and the microp-
ermeability at the direction of the axial wall of the class II cavities.
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