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ABSTRACT

Obijective: The aim of this in vitro study is to compare the microleakage of mesial-occlusal-distal (MOD) composite resin restorations made by
using CAD/CAM block and methacrylate/ormocer-based direct resin composites after thermo-mechanical loading.

Methods: Standard 40 noncarious human third mandibular molars were selected for the study. Standardized MOD (3x4x2mm) cavities were
prepared on the mesial and distal sides. The gingival margin was placed above the cementoenamel junction (CEJ) on the mesial side and
below the CEJ on the distal side. The prepared samples were divided into three experimental groups [indirect group-GrandioBlock (GB), direct-
methacrylate group-TetricN-Ceram+TetricN-Flow (T+TF), direct-ormocer group-Admira Fusion+Admira Fusion Flow (A+AF)] and control group
[direct-methacrylate group-GrandioSo+GrandioSoFlow (G+GF)] (n=10). After finishing restorations samples were subjected to 50 N to 240.000
thermo-mechanical cycles (5-55°C, for 60 sec) and kept in 0.2% methylene blue. Samples sectioned longitudinally in the mesiodistal direction
with a precision cutting device were examined under stereomicroscope at X8 and X25 and microleakage values were scored. In the evaluation
of the data, descriptive statistical methods as well as the chi-square test was used for the comparison of qualitative data.

Results: No significant difference was found among the coronal and gingival-enamel microleakage distributions of the groups (p>0.05). A
statistically significant difference was observed among the gingival-cementum microleakage distributions of the groups (p=0.003). The
distribution of gingival-cement microleakage with the no dye penetration score in the T+TF group was found to be statistically significantly
lower than the G+GF and GB groups (p = 0.010, p = 0.001).

Conclusion: Under the limitation of this in vitro study; restoring MOD cavities using different matrix structures of the composites could not

eliminate the leakage at the gingival seat under CEJ.
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1. INTRODUCTION

In today’s dentistry practice, resin composites are among the
most preferred materials in the treatment of posterior teeth.
Resin-based composite materials, which are developed
day by day, exhibit acceptable aesthetic, physical, and
mechanical properties (1-3). Composite materials have
many advantages, as well as disadvantages. One of the
most important of these disadvantages is polymerization
shrinkage and the resulting microleakage. When the
polymerization shrinkage exceeds the bonding strength
between the restorative material and dental tissues; micro-
leakage, plaque accumulation, post-operative sensitivity,
bacterial penetration, pulpal inflammation, secondary caries,
and fractures in the connective surface areas may occur due
to the formation of micro-gaps between the restoration
and dental tissue (1,2). Polymerization shrinkage varies
depending on the adhesive system used and the method of

application, the intensity and mode of the light device used,
the use of composite technology with ceramic technology,
and the use of a flowable composite or liner in the cavity
(4). Flowable composite resins are used in restorative
dentistry applications to prevent polymerization shrinkage
and to create a stress-breaking barrier under conventional
composites. The ease of application and viscosity of flowable
composites expand the indication of flowable composites in
practical applications (5).

With the advances in the filling, matrix structure, and
application techniques of composite resins, it is aimed to
make more successful restorations. Ormocers are organically
modified ceramic materials with high biocompatibility
and less polymerization shrinkage. Unlike traditional
polymers, the first produced ormocers; are obtained
by adding monomers such as bisphenol-A (Bis-GMA),
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glycyldimethacrylate, hydroxylethyl methacrylate (HEMA),
triethylene glycol dimethacrylate (TEGDMA) and urethane
dimethacrylate (UDMA) and various inorganic fillers to the
main structure consisting of Si-O-Si network consisting of
inorganic-organic copolymers. The filler content consists
of special glass, ceramic, and a high amount of silica (6).
Innovative modifications of ormocer-based composites have
been developed over time.

With the indirect application of composite restorations,
ideal occlusal morphology, ideal approximal contact,
ideal polished surface, and reduction in polymerization
shrinkage, can be obtained (7,8). However, incompatibility
in inlay restorations can often be observed in the
gingival margins (9). It can be thought that there is more
microleakage in the gingival margin than the occlusal
margin, depending on the problems that occur during
impression and laboratory procedures. This problem can
be eliminated with CAD/CAM systems. Due to the indirect
application, the residual monomer amount decreases,
thus properties such as aesthetics, optics, color stability,
homogeneity, and fluorescence are obtained. It is thought
that polymerization shrinkage in the application of indirect
restorations will be limited to the adhesive cement and
thus minimized (9-12).

Thermo-mechanical chewing simulators have been
developed to mimic the stresses that occur in contact
with the against tooth during chewing and to evaluate the
effects of intraoral temperature changes and mechanical
conditions on restorations (13). It is thought that the
results obtained by comparing restorative materials
with different thermal and mechanical properties will
guide the selection of restorative materials in clinical
applications.

This study was planned due to the limited literature data
comparing the indirect restorative material Grandio Block
with methacrylate and ormocer-based composite materials
in terms of microleakage. The following null hypotheses
were tested; 1) Composite restoration technique (direct
vs. indirect) will not affect the microleakage values of the
restorations. 2) Different types of matrix structure (ormocer
vs. methacrylate) will not affect the microleakage values of
the restorations.

2. METHODS

This study was approved by the ethic committee of Marmara
University, Faculty of Dentistry in Istanbul, Turkey (Protocol
number 2019-286).

The number of samples was determined based on power
analysis. The minimum sample size required to detect a
significance difference using this test should be at least
10 in each group, (60 in total), considering type | error
(alfa) of 0.05, power (1-beta) of 0.99, and effect size of
1.623.

2.1. Providence of Samples for Preparation

In our study, 40 extracted sound mandibular molar teeth
with similar dimensions were used. The teeth extracted
within 6 months that provide these criteria were kept in
an isotonic saline solution containing 0.1% thymol until
the experimental stage. The residues on the teeth were
cleaned with an ultrasonic device. A rubber bur and
fluoride-free paste were then used to remove stains and
debris. For preparation, the teeth were fixed in the pools of
the chewing simulator using self-cure acrylic resin (Imicryl,
Konya, Turkey).

2.2. Preparation of the Samples

According to the restoration method standard MOD
cavities were prepared by a single researcher with round
and inversely tapered diamond burs (Adia, Turkey) on
all teeth. Standard MOD cavities preparations were
approximately 3.0 mm in width buccolingually, 2.0 mm
in axial depth, and 4.0 mm in gingival depth (Figure 1).
The samples were randomly divided into 4 groups (n
10) (Table 1). In the preparation of thirty molar teeth to
be restored with the direct method, the cavity wall was
prepared parallel to each other, with the width of the
gingival cavity greater than the occlusal cavity width. A
periodontal probe was used for millimetric measurement
of cavity borders. In the preparation of ten molar teeth
to be restored with indirect restorations, round corners
were created within the cavity at an angle of 6-8° between
the cavity base and the side walls in accordance with the
entrance path of the restoration.
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Table 1. Materials and Equipment Used in Indirect and Direct Restorations of Samples

Indirect Restorations

Composite

Contents

Adhesive system

Grandio Block
(Voco, Cuxhaven, Germany)
Nano-ceramic hybrid block

86% w/w inorganic fillers in a polymer

matrix-14% UDMA + DMA

Bifix QM Dual-cure (Voco, Cuxhaven, Germany)
Bis-GMA, HEMA, Benzoyl peroxide, high Fluoride
amin

Futura Bond DC Universal resin-based adhesive
(Voco, Cuxhaven, Germany)
Bis-GMA, HEMA, Ethanol,
monomer

Acidic  adhesive

Direct Restorations
(Conventional Composite + Flowable Composite)

Composite

Contents

Adhesive system

GrandioSo

(Voco, Cuxhaven, Germany)
Nano-hybrid composite
GrandioSo Flow

(Voco, Cuxhaven, Germany)
Flowable nano-hybrid composite

Bis-GMA, TEGDMA, Bis-EMA

Glass ceramic and Silica-nanoparticles

Filler (% w/w): 89

Bis-GMA, TEGDMA, HEDMA, Glass ceramic,
Silicon dioxide

Filler (% w/w): 81

Admira Fusion
(Voco, Cuxhaven, Germany)
Nano-hybrid ormocer-based composite

Admira Fusion Flow
(Voco, Cuxhaven, Germany)
Flowable nano-hybrid ormocer-based composite

Aromatic and  Aliphatic  dimethacrylates,
Methacrylate-functionalized polysiloxane, Ba-Al-
glass, Pyrogenic SiO,

Filler (% w/w): 84

Filler (% w/w): 74

Futurabond U

Universal

HEMA, Bis-GMA, HEDMA, Acidic adhesive
monomer, UDMA, Catalyst, Silica nanoparticle,
Ethanol

Tetric N-Ceram

(Ivoclar Vivadent, Schann, Liechtenstein)
Nano-hybrid composite

Tetric N-Flow

(Ivoclar Vivadent, Schann, Liechtenstein)
Flowable nano-hybrid composite

Light device
Valo Cordless
(Ultradent, ABD)
3. Generation

Bis-GMA, UDMA, Ba glass,Ytterbium trifluoride,
Mixed oxide

Filler (% w/w): 80

Bis-GMA, UDMA, TEGDMA, Bis-EMA, Barium
glass, Ytterbium trifluoride, Mixed oxide, Silicon
dioxide

Filler (% w/w): 63.8

Wavelength

395-480 nm

Tetric N-Bond

Universal

Phosphoric acid acrylate,
UDMA, Ethanol

HEMA, Bis-GMA,

Light intensity

Standard mode: 1000 mW / cm? High power
mode: 1400 mW / cm? Extra power mode: 3200
mW / cm?

Bis-GMA: Bisphenol A-glycidyl methacrylate, Bis-EMA: Ethoxylated Bisphenol-A-Dimethacrylate, DMA: Dimethylacetamide, HEDMA: Hydroethyl
dimethacrylate, HEMA: Hydroethylmethacrylate, TEGDMA: Triethylene glycol dimethacrylate, UDMA: Urethane dimethacrylate

Dentine
Composite 2 MM

restoration

Enamel

Figure 1. Measurements of Standard MOD Cavities
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2.3. Indirect and Direct Composite Resin Restorations
Procedure

Indirect restorations were performed by using the CAD/CAM
system (Sirona, Bensheim, Germany). After scanning the
cavity margins of the teeth with the CEREC Omnicam camera,

Table 2. Indirect and Direct Composite Resin Restoration Procedure

Restorative material Acid

@ Grandio Block(GB) Restoration surface:

o

g 120 sec

2 Enamel surface:

§ Vococid

£ (35% H,PO,)

£ Selective etch 20 sec
Restorative material Acid
GrandioSo(G) Enamel surface:
2+2+1 mm layers Vococid
GrandioSo Flow(GF) (35% H,PO,)
1mm layer-on the gingival seat Selective etch 20 sec
Admira Fusion(A) Enamel surface:
2+2+1 mm layers Vococid

g Admira Fusion Flow(AF) (35% H,PO,)

'g 1mm layer-on the gingival seat Selective etch 20 sec

£ Tetric N-Ceram(T) Enamel surface:

& 2+2+1 mm layers N-Etch

§  Tetric N-Flow(TF) (37% H,PO,)

8 1mm layer-on the gingival seat Selective etch 20 sec

HF: Hydrofluoric acid, H PO,: Orthophosphoric acid

Adhesive system
Ceramic Bond was applied to the restoration surface for 60 Dimanto (VOCO,
Porcelain Etch (9% HF) sec and waited and dried with air. Futurabond DC was applied Germany)

to both enamel-dentin and restoration surface for 20 sec. The

indirect restorations were luted with Bifix QM Dual-cure, and

polymerized with Valo Cordless LED for 20 sec.

Adhesive system

Futurabond U was applied to the enamel and dentine surface for Dimanto (VOCO,
20 sec and it was polymerized with Valo Cordless for 10 sec.

the restoration design was completed on the virtual model
with the data obtained. Grandio blocks were placed in the
processing unit (inLab MC X5) and processed according to
the design. The materials (Table 1) and application methods
used in the construction of indirect (Figure 2) and direct
restorations (Figure 3) are described in Table 2.

Polisher

Polisher

Germany)

Futurabond U was applied to the enamel and dentine surface for Dimanto (VOCO,
20 sec and it was polymerized with Valo Cordless for 10 sec.

Germany)

Tetric N-Bond was applied to the enamel and dentine surface for OptraPol (Ivoclar
20 sec and it was polymerized with Valo Cordless for 10 sec.

Vivadent,
Liechtenstein)

Figure 2. Indirect Composite Resin Restoration Procedure a. Etching the Restoration Surfaces with Hydrofluoric Acid, b.
Restoration Surface After Etching, c. Silane Application, d. Selective Etching of the Enamel Surface, e. Bond Application on
Enamel and Dentine Surfaces, f. Adhesive Resin Cement Application on Enamel and Dentine Surfaces, g. Bond Application on
Restoration Surfaces, h. Luting the Restoration to the Cavity with Adhesive Resin Cement and Polymerization, i. Finishing and
Polishing, j-k. Cavity Preparation of Indirect Restorations, I-m. Cavities Restored by Indirect Method.
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Figure 3. Direct Composite Resin Restoration Procedure a. Cavity Preparation of Direct Restorations, b. Selective Etching of the Enamel
Surface, c¢. Bond Application on Enamel and Dentine Surfaces, d. Polymerization, e. 1 mm Flowable Composite Application on the Gingival
Seat, f. Measuring Material Thickness with a Periodontal Probe, g-h. Restoration of the Cavity Using the Incremental Technique, i. Finishing

and Polishing, j-k. Cavities Restored by Direct Method.

2.4. Thermo-Mechanical Loading

The samples were subjected to thermomechanical fatigue
using chewing simulator (Willytec SD Mechatronic GmbH
CS-4.4 Professional Line, Feldkirchen-Westerham, Germany)
(Figure 4). Thermo-mechanical loading was applied during
cyclicloadingtotherestorations witha maximum occlusalload

of 50 N at 1.7 Hz. For simulating to standardized conditions
steel balls of 6 mm in diameter acted as antagonists. 1-year
clinical service stimulation was aimed with 240,000 loading
cycles (13, 14). At the same time, thermal cycles were applied
to the samples with a heated-cooled thermal cycle system
controlled by PLCs included in the chewing simulator (5°C to
55°C every 60 sec).
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Figure 4. Chewing Simulator

2.5. Evaluation of Microleakage and Marginal Adaptation

After thermo-mechanical loading, all surfaces of the teeth
samples were coated with nail polish except the restoration
areas. Samples were kept in 0.2% methylene blue solution for
24 hours. The teeth were sectioned longitudinally in mesio-
distal direction with a precision cutting device (IsoMet 1000,
Buehler, USA). Coronal and gingival margin microleakage
were scored under X8 and X25 magnifications using a light-
stereomicroscope (Leica MZ 75, Germany) (Table 3) (15). The
samples that were coated with gold/palladium (20%/80%)
using Emitech SC7620 Sputter Coater were examined with
Fei Sirion at 10 kV. The images of the samples examined
by scanning electron microscopy under X120, X500, X5000
magnification were recorded.

Table 3. Scale Used to Evaluate Dye Penetration

Scoring for dye penetration for Scoring for dye penetration for
marginal microleakage on the

occlusal wall

marginal microleakage on the
cervical wall

0. No dye penetration 0. No dye penetration

1. Dye penetration into half 1. Dye penetration into half
extension of the cervical wall. extension.

2. Dye penetration into more 2. Dye penetration more than
than half or complete half.
extension of the cervical wall.

3. Dye penetration into the 3. Dye penetration into the

cervical and axial walls towards
the pulp.

pulpal wall.

2.6. Statistical Analysis

Statistical analyzes in this study were performed using
the NCSS (Number Cruncher Statistical System) 2007
Statistical Software (Utah, USA) package program. In the
evaluation of the data, descriptive statistical methods
(frequency and percentage distributions) as well as the
chi-square test was used for the comparison of qualitative
data. The results were evaluated at the significance level
of p<0.05.

3. RESULTS

3.1. Microleakage Analysis

The images obtained under X8 and X25 magnifications of
samples with a gingival dye penetration score of O (Figure 5.a),
1 (Figure 5.b), 3 (Figure 5.c), and a coronal dye penetration
score of 0 (Figure 5.b) were included.

No statistically significant difference was found among the
coronal microleakage values of the G+GF, A+AF, GB, and
T+TF groups (p=0.074). There was no statistically significant
difference  among the gingival-enamel microleakage
values of the G+GF, A+AF, GB, and T+TF groups (p=0.249).
A statistically significant difference was found among the
gingival-cementum microleakage values of the G+GF, A+AF,
GB, and T+TF groups (p=0.003) (Table 4).
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Figure 5. Dye Penetration According to Gingival and Coronal Score a. Dye
Penetration Gingival Score 0 (X8), b. The Image of the Area Marked with
a Rectangular Shape in Figure a, Recorded under X25 Magnification. c.
Dye Penetration Gingival Score 1 and Dye Penetration Coronal Score
0 (X8), d. The Image of the Area Marked with a Rectangular Shape in
Figure c, Recorded under X25 Magnification. e. Dye Penetration Gingival
Score 3 (X8), f. The Image of the Area Marked with a Rectangular Shape
in Figure e, Recorded under X25 Magnification.

Table 4. Evaluation of Microleakage Scores According to Groups
G+GF | A+AF (¢]:] T+TF
N(%)| N(%) | N(%) | N(%)

No dye penetration

p

% 9(00) 5(55.56) 8(80)

1

(100)
. 0.074
Dye penetration into

half extension 0(0) 1(10) 4(44.44) 2(20)

Coronal
microleakage

No dye penetration 7 (70) 7(70)
Dye penetration into

half extension of the 3(30) 2(20)
cervical wall

Dye penetration into
more than half or
complete extension
of the cervical wall
Dye penetration into
the cervical and axial
walls towards the
pulp

No dye penetration 6 (60) 3 (30)
Dye penetration into

half extension of the 3(30) 3(30)
cervical wall

Dye penetration into
more than half or
complete extension
of the cervical wall
Dye penetration into
the cervical and axial
walls towards the
pulp

A+AF:Admira Fusion+Admira Fusion Flow, G+GF:GrandioSo+GrandioSo
Flow, GB:GrandioBlock, T+TF:Tetric N-Ceram+Tetric N-Flow

5(55.56) 4 (40)

2(22.2)  5(s0)

0(0) 1(10) 0(0) 1(10) |0.249

Gingival-enamel Microleakage

0(0) 0(0) 2(22.22) 0(0)

5(55.56) 0(0)

1(11.11) 5(50)

1(10) 4(40) 0(0) 5(50) |0.003

0(0) 0(0) 3(33.33) 0(0)

Gingival-cementum Microleakage

Amongthe T+TF, G+GF, and GB groups, the distributions of gingival-
cement microleakage no dye penetration were statistically
significantly lower in the T+TF group (p=0.010, p=0.001). The
gingival-cementum microleakage score 3 distributions of the GB
group were found to be statistically significantly higher than the
A+AF group (p=0.037). No statistically significant difference was
found among the gingival-cementum microleakage distributions
of the other groups (p>0.05) (Table 5).

Table 5. Comparison of Microleakage Values According to Groups

Coronal Gingival-enamel | Gingival-cementum
Microleakage Microleakage Microleakage
G+GF /A+AF 0.304 0.549 0.246
G+GF / GB 0.051 0.288 0.168
G+GF / T+TF 0.136 0.313 0.010
A+AF / GB 0.140 0.349 0.037
A+AF / T+TF 0.531 0.701 0.164
GB / T+TF 0.252 0.226 0.001

A+AF:Admira Fusion+Admira Fusion Flow, G+GF:GrandioSo+GrandioSo
Flow, GB:GrandioBlock, T+TF:Tetric N-Ceram+Tetric N-Flow

3.2. SEM Images

In our study in which two samples of each group were evaluated
with SEM, the gap formation observed in the SEM evaluation of
the GB group occurred between both dentine-cement material,
and the block-cement material (Figure 6.a). According to the
result obtained from SEM evaluations, gap formation between
dentine and adhesive layer was observed in T+TF and A+AF
groups (Figure 6.b and c). Gap formation observed in the sample
taken from the G+GF group was less common (Figure 6.d).

Figure 6. SEM Images a. GB X120 and X500 SEM Image (D:Dentine
and C:Cementum), b. T+TF X120 and X500 SEM Image (D:Dentine),
c. A+AF X500 and X5000 SEM Image (D:Dentine, Ad:Adhesive,
H:Hybrid Layer and Dt:Dentine Tubules), d. G+GF X120 and X500
SEM Image (D:Dentine and E:Enamel)
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4. DISCUSSION

Disadvantages of composites such as polymerization
shrinkage, shrinkage stress, insufficient cavity adaptation, and
microleakage have led to new pursuits in the development
of composite materials. Ormocer-based composites with
differences in the chemical structures have been produced
to prevent clinical failure and to extend the survival of the
restoration (16).

It is aimed to make restorations with low polymerization
shrinkage, high abrasion resistance, and biocompatibility
by increasing the amount of silicon in the filler content
in composites that are ormocer-based and produced by
modifying the organic phase. The specific oligomers of
ormocer materials can be obtained by hydrolyzing and
densifying the silane molecules used to functionalize the
surface of fillers in conventional resin composites (6). If the
oligomers have suitable viscosity and hydrophilicity, they can
form the entire resin phase if the filler allows particle loading,
thus replacing Bis-GMA, TEGDMA, and other conventional
dimethacrylates (17).

In our study, no statistically significant difference was found
between the coronal and gingival-enamel microleakage
values of the ormocer-based nano-hybrid composite and
other composite groups. In cavities that ended beyond
the cementoenamel junction, the A+AF group has a lower
gingival-cementum microleakage score compared to the
T+TF and GB groups.

There are studies comparing ormocer-based composites
with different restorative materials in terms of microleakage.
In the study of Garapati et al., class Il cavities were restored
with nanofill composite (Filtek supreme), ormocer-based
composite (Admira), and micro-hybrid composite (P60) were
compared and no significant difference was found between
the groups (18). Hodobet et al., in their study, compared
the marginal adaptation of the restoration to the cavity
with SEM in class Il cavities restored with ormocer (Admira
Fusion), nanocomposite (Premise), micro-hybrid composite
(Gradia Direct). It was found that there were no significant
differences between the materials used in both dentine and
cementum (19). Kalra et al., compared the microleakage
values after thermal cycle in class | restorations of ormocer-
based (Admira) and hybrid composites (TPH Spectrum)
using ormocer-based adhesive and universal 5th generation
adhesive. The low dye penetration scores were obtained
in the restoration of the ormocer-based composite with
ormocer-based adhesive. However, no statistically significant
difference was found (20). This finding is consistent with the
studies by Fleming et al., Hodobet et al., and Garapati et al.,
which did report no significant difference in dye penetration
among different materials (18,21).

In a study by Politi et al., compared the microleakage values
after the thermo-mechanical cycle of class Il restorations
using ormocer-based composite (Admira Fusion) and
methacrylate-based composite (Tetric EvoCeram), the
ormocer group has lower microleakage values compared to

the methacrylate group (22). In the study of Yazici et al., after
thermo-mechanical loading, there is no statistical difference
between occlusal and gingival microleakage scores in all
restorative material groups. It is noteworthy that there is no
occlusal and gingival micro-leakage in the class v cavity group
restoring with ormocer-based composite. This is attributed
to the fact that ormocer has less polymerization shrinkage
due to its organic resin structure (23).

In our study, the higher number of samples with no dye
penetration in the G+GF group compared to the A+AF group
was associated with the high percentage of filler content of GF
causing less polymerization shrinkage. The different results
obtained from the studies can be explained by the different
methods followed in the study. While the aging method with
the thermal cycle is frequently used in the studies performed,
aging with the thermo-mechanical cycle, which is thought to
simulate the oral environment was preferred in our study.

Restorations in the oral environment are exposed to thermal
changes and different pH values with the intake of food and
liquids at various temperatures during the day. Thermal
changes can result in gaps and microleakage due to the
inconsistency in the thermal expansion coefficient between
the restorative material and dental tissue and the stress it
creates (13). Vertical occlusal loads that occur between the
opposing teeth during the chewing of food cause the stresses
that occur by transmitting to the occlusal surfaces of the
teeth to spread to all occlusal surfaces. All these occlusal
loads affect the long-term success of the restorations by
mechanically destroying the bonds at the adhesive interface.
For this reason, aging tests such as thermal cycle and
mechanical loading are used to imitate the oral environment
in vitro studies where materials are evaluated (13,16). In our
study, 1-year clinical aging was aimed at applying mechanical
loading at 240,000 cycles with 50 N force (24).

One of the most important features aimed in successful
restorations is to provide ideal marginal adaptation to
prevent clinical consequences such as microleakage, marginal
discoloration, secondary caries, and sensitivity. Despite the
ongoing development of resin composites, the marginal
leakage encountered may be related to insufficient bonding
between the adhesive material and tooth structures such as
cementum and dentine layer or non-prism enamel tissue.
Numerous studies have shown that the restorative material
does not provide good marginal adaptation in the restoration
of cavities terminating below the cementoenamel junction,
compared to restorations that end in enamel, and that low
marginal closure leads to an increase in gingival microleakage
(16,25,26). Bonding of resin with enamel is mainly micro-
mechanical and is based on obtaining a high energy
roughened surface that can be wetted with low viscosity
adhesive agents for resin tag formation. Surface preparation
in dentin tissue is important for forming a hybrid layer where
a hydrophilic monomer can penetrate and attached with the
exposed collagen to provide micro-mechanical connection
(27). Dentin tissue, which has low mineral content compared
to enamel, has a complex structure rich in organic molecules.
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Increased microleakage values in the area under the CEJ
were associated with larger diameter and a great number of
dentinal tubules compared to the occlusal wall (28).

In our study, microleakage values were compared in cavities
ending in cementum and enamel tissues and no statistically
significant difference was found. When the scores are
examined, microleakage values increased for all composite
groups in cavities ending under the cementoenamel junction.

Based on the results of the studies conducted, low-viscosity
composite applications are recommended in order to reduce
the microleakage that may occur in this area (29,30). In class
Il cavities, it was aimed to increase marginal adaptation and
marginal sealing, decrease dentin sensitivity and create a
stress-breaking layer with the application of flowable resin
composites in deep, hard-to-reach areas below the CEJ (29).
In the restorations of the teeth divided into groups in this
study, flowable composites were used as liner materials.
Ormocer-based and methacrylate-based composites were
preferred as flowable composite materials.

In our study, the number of samples with gingival-cementum
no dye penetration score was found to be statistically
significantly lower in the T+TF group than in the G+GF and
GB groups. The gingival-cementum microleakage scores
were higher in the T+TF group compared to the G+GF group.
In the study where both groups have nano-hybrid composite
properties, different leakage values can be explained with
different filler ratios, the size of the filler particles, the
monomer composition with organic content, and two
different ethanol-based adhesive agents used in adhesion.
According to the results we obtained from our study; the
second null hypothesis was partially rejected.

Increasing the inorganic content of composites and adding
pre-polymerized resin fillers (organic fillers) restricts
polymerization shrinkage by reducing the amount of
monomer. This can also increase the elastic modulus
of the material and lead to high shrinkage stress (31).
Polymerization shrinkage stresses are affected by the
composition, filler content, elastic modulus, and viscosity of
the resin composite and these properties can compensate for
the stresses generated during polymerization. As a reflection
of these properties, the degree of polymerization conversion
and polymerization depth influence the stress formation
by affecting the quality of the bond at the interface of the
restorations (32,33).

There is a correlation between the shrinkage stress values
of composites and internal adaptation (34, 35). While a
high polymerization rate can be observed in the upper layer
of the composite materials applied to the cavity and the
surfaces connected to the outer walls of the cavity close to
the light source, a low polymerization rate can be achieved
in the inner and pulpal walls. As a result of polymerization
shrinkage, stress flow between these areas and gaps in the
marginal surface may occur (35,36). Inadequate adaptation
with the dentin surface of the material is an indication of the
increased potential for gap formation and microleakage (37).

Because CAD / CAM blocks can be produced under controlled
conditions, their physical and optical properties are higher
than traditional indirect restorations. Marginal integrity,
cavity preparation design, and cementation are factors
that determine the long-term clinical success of indirect
restorations (9).

Different parameters can affect the adaptation of CAD/CAM
inlay/onlay restorations. The type of processing device, the
design of the restoration, its interior angles, and groove areas
are influential on the adaptation of the restoration to the
cavity. Preparation of the cavity and its complex geometry is
important for the accuracy of intraoral scanning (38,39).

Forindirect composite restorations, polymerization shrinkage
is limited to the adhesive cement material. It has been shown
that adhesive cement thickness has a statistically significant
effect on marginal adaptation of CAD/CAM restorations. As
the cement thickness decreased, the marginal fit increased
(40,41).

In the study of Qian et al., where marginal adaptation and
marginal gaps were evaluated under stereomicroscope,
samples were restored with CAD/CAM blocks (Enamic, Lava
Ultimate) and lab composite (Ceramage). Digital intraoral
impression and CAD/CAM systems have not shown superior
accuracy in obtaining hybrid ceramic inlays compared to
conventional technique. All of the overall mean marginal
gaps of inlay restorations made with hybrid ceramics were
obtained within the clinically acceptable range (42).

Grandio block was preferred in our study due to the limited
literature on nano-hybrid ceramic CAD/CAM blocks.

In the study of Bortolotto et al., the marginal adaptation
of CEREC ceramic inlays, CEREC composite inlays, and
direct composite restorations in proximal slot cavities was
evaluated using scanning electron microscopy. It is concluded
that the marginal adaptation of indirect restorations made of
both composite and ceramic is better than direct composite
restorations (43).

In our study, no significant difference was found between
the coronal and gingival-enamel microleakage values of
restorations made with CAD/CAM blocks and G+GF group
direct restorations.

When the gingival-cementum microleakage values of GB and
A+AF groups are compared, the fact that the GB group does
not have lower microleakage scores. It can be attributed to
the fact that the block is not included in the software program
used, and the data was entered by selecting the same size
but the different block to transfer it to the processing device.
This situation is thought to negatively affect the adaptation
of the restoration to the cavity and shows the importance of
the design program and the processing device. So first null
hypothesis was partially rejected.

The limitations of our in-vitro study, in which the microleakage
scores were compared by aging the restorations with a
chewing simulator, are the lack of factors such as saliva,
patient’s diet, and oral hygiene habits that affect the natural
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conditions in the oral cavity. Further limiting factor may
be steel antagonist ball used instead of human tooth as
antagonist in chewing simulator.

5. CONCLUSIONS

When the data we obtained within the limitations of this
study are evaluated, we can reach the following results:

1. Different application techniques and materials used
in the present study, could not completely eliminate
the microleakage observed at the tooth-restoration
interfaces.

2. A higher microleakage value was obtained in the
restorations of the prepared MOD cavities ending in
cementum compared to the restorations ending in
enamel.

3. Microleakage values in indirect restorations obtained
with CAD/CAM block showed similar results with direct
restorations.

Under the conditions of this study, the use of conventional
nanocomposite in the direct restoration of MOD cavities has
shown the least microleakage.

Today, limited information about the content and structure
of ormocer materials can be reached. The limited number
of clinical and in vitro studies carried out requires more
studies in order to reach clear information about the clinical
longevity and success rate of the ormocers.
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