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Abstract: Background and Objectives: Nowadays, indication of composite materials for various clin-
ical situations has increased significantly. However, in the oral environment, these biomaterials
are subjected (abnormal occlusal forces, external bleaching, consumption of carbonated beverages,
etc.) to changes in their functional and mechanical behavior when indicated primarily for patients
with masticatory habits. The study aimed to recreate in our lab one of the most common situations
nowadays—in-office activity of a young patient suffering from specific parafunctional occlusal stress
(bruxism) who consumes acidic beverages and is using at-home dental bleaching. Materials and Meth-
ods: Sixty standardized class II cavities were restored with two nanohybrid biocomposite materials
(Filtek Z550, 3M ESPE, and Evetric, Ivoclar Vivadent); the restored teeth were immersed in sports
drinks and carbonated beverages and exposed to an at-home teeth bleaching agent. The samples
were subjected to parafunctional mechanical loads using a dual-axis chewing simulator. A grading
evaluation system was conducted to assess the defects of the restorations using different examination
devices: a CBCT, a high-resolution digital camera, and periapical X-rays. Results: Before mechanical
loading, the CBCT analysis revealed substantially fewer interfacial defects between the two resin-
based composites (p > 0.05), whereas, after bruxism forces simulation, significantly more defects were
identified (p < 0.05). Qualitative examination of the restorations showed more occlusal defects for the
Evetric than the other nanohybrid composite. Conclusions: There were different behaviors observed
regarding the studied nanocomposites when simulation of parafunctional masticatory forces was
associated with aging treatments.

Keywords: CBCT; nanohybrid biocomposites; masticatory parafunction; surface aging treatment;
dental bleaching; digital X-ray; two-body wear simulation; bruxism; imaging in dentistry

1. Introduction

It is known that the most resistant material that withstands the oral cavity environment
is the natural tooth, with its biological tissues, enamel, and dentine [1]. However, due to
possible tooth diseases or traumas, these naturally engineered tissues may be damaged by
carious lesions, resulting in tooth decay and defects that need to be reconstructed with oral
biomaterials. These materials must be biocompatible, with optimal physical, mechanical,
chemical, and aesthetic properties. One of the most often indicated groups of restorative
materials is resin composite, which has shown an acceptable survival rate in clinical and
in vitro studies [2].

During recent decades, research and development of resin-based composites have
generated different subcategories of restorative materials that include composites con-
taining nano-sized filler particles [3—6]. Nano-filled composites have nanometric-sized
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particles, while nanohybrid ones contain finely ground glass fillers and nano-fillers in a
pre-polymerized filler form [7,8]. Some professionals claim that the newly introduced
materials [7] offer reduced polymerization contraction, enhanced mechanical properties,
and improved aesthetics [7-9].

Aesthetics has always been an important topic for patients. Thus, for over two decades,
bleaching treatments, especially those carried on at home, under a doctor’s supervision,
are often treatments of choice for improving dental color in adolescents and young adults,
particularly those interested in their body image [8-11]. This group of patients is known
to prioritize body aesthetics and practice sports regularly. Along with cutting-edge new
technologies in sports coming into play, there are also various sports drinks, energy drinks,
or soft drinks containing other sugary and mineral compounds [10].

It was reported in the literature that oral biofilm might induce surface changes in
dental restorative materials, leading to their chemical degradation and thus a higher chance
for the dental fillings to develop marginal percolation and other defects [12]. It was also
reported that chewing gum might lead to leaching of chemical compounds of resin-based
composites [13]. It is well known that any change in the architecture of the oral cavity may
interfere with the whole oral equilibrium, disturbing it at different levels (e.g., muscles,
teeth, TM]J) [8,9]. Consequently, parafunctional occlusal habits that generate increased
forces on teeth are frequently encountered and reported to highly affect tooth-adhesive
interface and tooth wear strength [1,8,9,14].

In this established environment, dramatic oral changes were observed due to low-pH
drink consumption and at-home dental bleaching or other whitening pastes. This problem
could be clinically translated with dental erosions and surface and interfacial failure of
different dental fillings [12,13,15-20].

Micro-computer tomography is a non-destructive X-ray 3D image analyzer used
mainly in laboratory investigations. Digital radiography is the most often clinically in-
dicated imagistic analysis used by dental practitioners. This radiographic method uses
2D images, but new systems or devices can analyze a broader range of oral environment
changes. One of these systems is cone-beam computed tomography (CBCT), which offers
a three-dimensional view of oral tissues for different clinical indications (such as caries
detection, TMJ disorders, or bone density) [21,22]. A few years ago, CBCT was proposed as
a 3D image analyzer for in vitro studies [22-24].

The literature did not thoroughly analyze the consequences of combined patients’
high aesthetic demands, sugar-added carbonated beverages, and parafunctional occlusal
habits. Based on the research data on this subject, the present in vitro study aimed to
assess behavior of two direct resin-based nanocomposites subjected to two surface ag-
ing treatments (external bleach and acid beverages) combined with simulated occlusal
parafunctional forces.

The null hypothesis was that the two restorative nano-biocomposites had very similar
mechanical, aesthetic, and functional behaviors regardless of type of surface aging and
higher impact loads applied.

2. Materials and Methods

The study protocol was approved by the Research Ethics and Methodology Depart-
ment, University of Medicine and Pharmacy “Iuliu Hatieganu”, Cluj-Napoca, Romania
(247/30.06.2021).

For this investigation, the sample size was determined based on a previous pilot study,
for which the effect size was 1, power (1-$3) of 0.8, and the level of significance = 0.05. The
data were analyzed using a t-test family for matched pairs, with G*power software version
3.1.9.7 (Kiel University Software, Germany) for Windows software. The optimal sample
size was calculated as up to 10 dental cavities based on the abovementioned assumptions.

Before the experimental test, the teeth were checked for cracks, fractures, or other
surface defects using dental loupes (3 x magnification) and a sharp explorer. Then, the
teeth were cleaned, and any soft tissue was removed using an ultrasound scaler (U600 LED,
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Woodpecker Medical Instruments Co. Ltd., Guilin, China). After the cleaning procedure,
the teeth were kept in 1% Chloramine T, and, after a thorough rinse, they were stored in
distilled water at 4 °C.

Sixty standardized class II cavities (mesio-occlusal, disto-occlusal) were prepared on
intact human premolars extracted for periodontal or orthodontic reasons upon the patient’s
consent. Two proximal cavities were prepared for each tooth with the following dimensions:
3 mm occlusal depth, 4 mm in buccal-lingual width, 2 mm proximal depth, 4 mm width at
the cervical area; all the proximal cavities had the gingival margin placed at 1 mm above
the cementoenamel junction (CEJ). The teeth were randomly divided into two groups
(n = 30 cavities/material) and restored using the following nanohybrid resin-based compos-
ites: Group 1, Evetric, Ivoclar Vivadent (Gr 1 EV); Group 2, Filtek Z550, 3M ESPE (Gr 2 FZ).
A self-etch universal adhesive (Opti-bond XTR Universal Self-Etch, Kerr Corp, USA) was
applied before the respective restorative composite (). The composites were applied based
on the zig-zag technique (2 mm/layer/material). For polymerization of each increment
(40 s/layer), we used a 2nd generation LED light-curing lamp (SDI, Radi-plus, light inten-
sity = 1500 mW /cm?; wavelength range = 440-480 nm). The tip of the curing lamp was
placed in direct contact with the dental wall where the material increment was placed. Then,
the restorations were finished and polished using oval carbide burs (SS White, T&F, Carbide
burs, FG, 7406), Sof-Lex abrasive disk (3M ESPE), Occlubrush impregnated polishers (Kerr
Co.), and Super Polish Paste (Kerr Co.).

The teeth were immersed twice a day for 28 days in a sports drink ((Gatorade Red
Orange with a pH of 3.2) and then in a carbonated beverage (Coca-Cola, pH = 2.4)) [10].
The pH of the two beverages was tested using a pH meter HI-98103 (Hanna Instruments)
three times for each. After immersion in each acid beverage, the teeth were thoroughly
cleaned and rinsed. Then, they were subjected to external home bleaching treatment
(Natural White 5 min Whitening) for 14 days, 5 min/day, according to the manufacturer’s
recommendations [25]. After external bleaching procedures, the samples were cleaned and
rinsed with distilled water.

For high-impact occlusal forces simulation, a dual-axis chewing simulator was used
(CS 4.2, SD Mechatronik, Germany). Before the simulation, the roots of the restored
teeth were wax-sealed apically, covered with a type 3 polyvinyl siloxane (PVS), and then
embedded in self-cured acrylic resin according to a previously published article [14]. While
subjected to mechanical loading and surface treatments, the restored teeth were immersed
in artificial saliva.

In the chewing simulator device, the restored teeth were placed side by side in the
test chambers so that the stylus simultaneously touched the contact point between two
opposed adjacent restorations. Thus, half of the samples from each nanocomposite were
subjected to mechanical loads and surface aging treatments (ML + ST, n = 15 samples). Half
of them were only subjected to surface treatments (ST, n = 15 sample restorations). The
following parameters were used for parafunctional mechanical loading: 125,000 cycles at
7 kgt (70N) per stylus at 1.6 Hz frequency with lateral travel of -3 mm.

The description of the setup protocol is shown in Figure 1.

The samples were covered with two layers of nail polish with 1 mm preservation
around the margins of the restorations; then, the restored teeth were immersed in 50 wt% of
silver nitrate solution. After a thorough rinse, the teeth were immersed in a photo-developer
for eighth (Dental X-ray Developer, Kodak Co, Rochester, NY, USA) and analyzed with a
digital X-ray and CBCT device.

Qualitative analysis was accomplished by one observer according to macro-morphological
characteristics based on Modified Clinical parameters criteria [26,27] using dental loupes
(3 x magnification) and a high-resolution digital camera.

Using modified clinical parameters criteria, the restored teeth were observed and
evaluated for the following characteristics based on a grading system (Gr 0-Gr 2) (Table 1):

1.  Color match (CM)
2.  Marginal adaptation (MA)
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3. Surface roughness (SR)
4.  Anatomical form (AF)

60 standardized Class I cavities
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Group 1, Evetric, Ivoclar Vivadent (Gr 1 EV) Group 2, Filtek Z550, 3M ESPE (Gr 2 FZ)

T

Immersion in sport-drink (Gatorade Red Orange)
and carbonated beverage (Coca-Cola )

Extemal home bleaching treatment
(Natural White 5 minutes Whitening)

Creating a support for the samples

Simulation of the high-impact occlusal forces

./ AN
o \\\
Qualitative analysis Quantitative analysis
| Modified Ryge Criteria CBCT device
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Figure 1. The workflow of the protocol used in the study.

Table 1. The grading system used based on modified clinical parameters criteria.

Grade Color Match (CM) Marginal Adaptation (MA) Surface Roughness (SR) Anatomical Form (AF)
. The tooth-restoration margin Smooth surface of No change of the
GRO No change in color is undetectable. the restoration ana-tomical shape
Detectable tooth-restoration . Detectible under- or
. . . . Slightly rough surface of over-contoured
GR1 Slight change in color margins without any . .
. . the restoration ana-tomical shape of
crevicular ditch ‘
the restoration
. . Detectable tooth-restoration
GR?2 Obvious change in margins with visible Rough surface of

color of the restoration the restoration

crevicular space

Detailed information on the materials used in the study appears in Tables 2 and 3.
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Table 2. Chemical composition of the restorative materials used in the study [7,28].

. . . . . Particles’
Material Organic Ma.tflx Inorganic Phase * Medlum Particle Distribution wt% Manufacturer
[Lot Number] (+ Photo-Initiator) * Size * (vol%) *
. -Barium glass
Evetric (EV) :I?::IEI;AI)[/I? -Ytterbium trifluoride Ivoclar, Vivadent,
[Z03XB7] _UDMA -Oxides 0.04-3 pm 80-81 (55-57) Schaan
A3 shade . ® -Pre-polymerized Liechtenstein
+Ivocerin .
particles
-BisGMA
. -BisEMA . . .
Egﬁgf? (FZ) -UDMA éﬁi‘;omum oxide 0.005-3 pm 82 (68) 3M ESPE, St Paul,
-PEGDMA .. . (Cluster 0.6-1.4 um) MN, USA
A3 shade TEGDMA -Silica particles
+Camphorquinone (CQ)
BisGMA: bisphenol A diglycidyl ether dimethacrylate; TEGDMA: triethylene-glycol dimethacrylate BisSEMA6:
bisphenol A polyethylene glycol diether dimethacrylate; UDMA: urethane dimethacrylate; PEGDMA: polyethy-
lene glycol dimethacrylate; * in accordance with the information provided by the manufacturers.
Table 3. The chemical composition of the adhesive used in the study [29].
Material Composition * Manufacturer

Optibond eXTRa Universal two-step self-etch Adhesive

[Primer: 7247705
Adhesive:7247706]

Primer: GPDM, hydrophilic co-monomers,
water/ethanol, acetone

Adhesive: resin monomers,

inorganic fillers, ethanol

Kerr Corporation

* In accordance with the information provided by the manufacturers.

For quantitative assessment of the dental filling defects, the following devices were
used: the digital X-rays device and the CBCT device (Planmeca USA Inc, Hoffman Estates,
IL, USA) (the thickness of the smallest slice was established at 200 um).

Statistical Analysis

For statistical analysis, the samples were evaluated by material, by grade of defects,
and by mechanically loaded or not. Shapiro-Wilk test was performed to test the normal
distribution of the results. The data were subjected to different non-parametric statistical
tests (Kruskal-Wallis, Mann-Whitney U) using IBM SPSS software, version 21.0 (SPSS Inc,
Chicago, IL, USA). The Spearman rho test was used to verify any statistical correlation
between the extrinsic modified clinical parameters criteria system and the radiographic and
tomographic intrinsic grading system. The level of statistical significance was established
atp <0.05.

3. Results

This study observed the restorations after surface aging treatments (ST) and after the
mechanical loading and surface treatments were applied (ML + ST) and evaluated them
based on qualitative and quantitative analysis.

3.1. Qualitative Analysis

When using the modified clinical parameters criteria to compare the two tested mate-
rials, the statistical analysis revealed the following:

(1) For color match parameters (CM) of Filtek Z550 and Evetric restorations, the
Kruskal-Wallis test showed significant differences among the grades for both aging treat-
ments (ML + ST and ST) (p < 0.0000001) (Table 4).
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Table 4. Kruskal-Wallis test for color match parameter (CM).

Test Statistics ¥P

CM_ Filtek Z550 ST CM_ Evetric ST CM_ Filtek Z550 ML + ST CM_ Evetric ML + ST

Chi-Square
df
Asymp. Sig.

22.880
2
0.000

35.787 9.387 12.320
2 2 2
0.000 0.009 0.002

20

15

10

a. Kruskal-Wallis test; b. grouping variable: grade CM.

The Mann-Whitney test indicated the following results: for ST and ML + ST aging
groups, higher statistically significant differences for Gr 0 compared to Gr 1 and Gr 2 for
both tested restorative materials (p < 0.05). Less statistically significant color changes were
observed for Grade 2 compared with Grade 1 for tested materials and aging treatments
(p < 0.05).

(2) When the Kruskal-Wallis test was applied, the marginal adaptation parameter
(MA) for both resin-based composite materials had statistically significant differences
among the grades for both aging treatment groups (p < 0.05). After being subjected to
mechanical forces (ML + ST), both materials showed higher statistically significant values
for Grade 2 (Figure 2). For the restorations that were only subjected to surface treatments
(ST), the Mann-Whitney test showed a higher amount of Evetric samples without marginal
adaptation defects (Gr 0) than the Filtek restorations.

Marginal adaptation- ST Marginal adaptation- ML+ST

20

15
B MA_EV ML+ST
10 B MA_FZ ML+ST

EMA_EV ST
EMA_FZ ST

Gro0

Grl Gr2 Gro Gri Gr2

Figure 2. Error bars chart representing the ‘grades’ distribution of the marginal adaptation
(MA) parameter.

(3) For the surface roughness parameter (SR), the Kruskal-Wallis statistical test re-
vealed significant differences only for the Evetric ST group between the grades (p < 0.000001)
(Table 5). At the same time, the Mann-Whitney U test showed significantly higher values
for Gr 1 than Gr 0 (p = 0.001) for the same group. After the Evetric samples were subjected
to mechanical loading treatment (ML + ST), a higher number of restorations with Gr 2
were observed (p > 0.05). Regarding Filtek Z550 samples, the statistical tests did not show
significant differences among the tested groups (ST versus ML + ST) (Table 5).

Table 5. Kruskal-Wallis test for surface roughness (SR) parameter.

Test Statistics P

SR_

Filtek Z550 ST SR_ Evetric ST SR_ Filtek Z550 ML + ST SR_ Evetric ML + ST

Chi-Square
df

Asymp. Sig.

4.808 15.840 2.347 4.107
2 2 2 2
0.090 0.000 0.309 0.128

a. Kruskal-Wallis test; b. grouping variable: grade SR.
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(4) For the anatomical form parameter (AF), the statistical tests indicated significant
differences for both groups of restorations no matter whether they were subjected or not to
simulated bruxism forces (p < 0.05) (Figure 3).

Anatomical form-ST Anatomical form- ML+ST
20 20

15
WAF_EV ML+ST
EAF_FZ ML4ST

10

mAF EvsT 10
DAF_FZ ST

Gr0 Grl Gro Gri

Figure 3. Error bars chart representing the ‘grades’ distribution of the anatomical form (AF) parameter.

When comparing the restorations by material, the Kruskal-Wallis test did not reveal
any statistical difference in terms of color changes between the tested resin composites for
both mechanically and non-mechanically loaded groups (ML + ST and ST) (p > 0.05). On
the other hand, when comparing surface roughness (SR), a smoother surface (Gr 0) was
observed for the samples restored with FZ material compared to EV after surface aging
treatments (ST) (p = 0.021) (Figure 4).

15 15

B CM_Gr0 B CM_Gr0

i | BCM_G -l_ B CM_Grl
' B CM_Gr2 oy BCM_GR2

B SR_Gr0 ESR_GRO

mSR_Grl ESR_GR1

5 BSR_Gr2 5 BSR_GR2
B MA_Gr0 u MA_GRO
B MA_Grl EMA_GR1
' M B MA_Gr2 EMA_GR2

0 . _ I L 0 L
EV-ST FZ-ST Ev-ML+ST FZ-ML+ST

Figure 4. Error bars chart representing the restorative composite materials by applied aging methods
among the modified Ryge criteria parameters.

The Kruskal-Wallis test revealed no defects of marginal adaptation for the EV restora-
tions after surface treatments (ST) compared to FZ restorations (p < 0.00001). On the other
hand, similar marginal adaptation defects were observed for both resin-based biocompos-
ites subjected to ML + ST (p > 0.05) (Figure 4).

3.2. Quantitative Analysis

The quantitative evaluation was based on a grading system of the defects that ap-
peared at the interface and occlusal level of the restorations, respectively (Tables 6 and 7).
Importantly, all the restorations were assessed with the help of periapical X-ray and
CBCT images.
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Table 6. The grading system used in the study to assess occlusal defects of dental restorations.

Grade Significance
0 -without occlusal defects
1 -occlusal defects

Table 7. The grading system used in the study to assess interfacial defects of dental restorations.

Grade Significance
0 -without interfacial defects
1 -interfacial defects at the cervical
2 -interfacial defects at the cervical level and pulpal wall

It was observed that Evetric restorations were more radio-opaque than Filtek Z550
restorations (Figure 5). More cervical defects were observed radiographically for the Evetric
nanohybrid material compared with the samples restored with Filtek Z550. When degree of
impairment at the level of dental fillings was evaluated based on CBCT images, Filtek Z550
showed similar occlusal defects with Evetric biocomposite (p > 0.05). At the same time,
for Filtek Z550 composite material, we observed a detachment line at the tooth-restoration
interface after high-impact bruxism simulation.

Figure 5. (A) Qualitative evaluation of the restorations based on high-resolution photos, digital
X-rays, and CBCT images. (B) Restored teeth samples before and after immersion in sports drinks
and carbonated beverages. (C) CBCT images of 200 um slice evaluating the occlusal and interfacial
defects after the bruxism forces simulation.
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The Kruskal-Wallis test revealed statistically significant differences between grades
of impairment for Evetric composite for both situations (with and without high occlusal
forces simulation) (p = 0.001). For Filtek Z550 material, similar behavior was observed for
samples were treated only with sports drink/carbonated juice and bleaching substance
(ST) (p = 0.56). In contrast, for those that underwent high-impact occlusal force simulation
(ML + ST), a statistically significant difference was observed between grades of impairment
(p = 0.017) (Figure 5A).

Mann-Whitney U test showed a statistically significantly lower number of non-
mechanically loaded restorations (ST) of Filtek Z550 composite material that presented
Gr 0 interfacial defects compared with Evetric (p = 0.029). For Grade 2, there were not
found any statistical differences between samples of materials that were not subjected to
parafunctional simulation (ST) (p > 0.05).

For Evetric restorations, on one side, the non-mechanically simulated restorations
(ST) did not present any interfacial defects compared with Filtek Z550 samples (Gr 0,
p < 0.000001); on the other side, a statistically significant higher number of restorations
graded at level 2 with interfacial defects after high-impact bruxism force simulation
(ML + ST) was accomplished compared with Filtek Z550 samples (p = 0.009) (Figure 6).
Both resin-based composite materials had statistically significant differences in Gr 2 in-
terfacial defects after simulation of parafunctional occlusal forces (ML + ST) compared to
non-mechanically loaded samples (ST) (p < 0.05).

p<0.05 p<0.05 15
15— —
L ]
® Filtek Z550 ST 10 W Filtek Z550
u i Filtek 2550 ML+ST : Filtek Z550 ML4ST
Evetric ST . Evetric
5
5 Evetric ML+ST _ _ Evetric ML+ST
0
0 Restoration without Occlusal defective
A) Gro Grl Gr2 B) defects(Gro) restoration (Grl)

Figure 6. (A) Error bars chart representing the ‘grades’ distribution of interfacial defects for mechani-
cally loaded (ML + ST) and non-mechanically loaded (ST) restorations of both resin-based materials.
(B) Error bars chart representing the ‘grades’ distribution of occlusal defects for mechanically loaded
(ML + ST) and non-mechanically loaded (ST) restorations of both tested materials.

When comparing by material, the Kruskal-Wallis test did not reveal any statistical
difference between the tested resin composites for both mechanically and non-mechanically
loaded groups no matter the presence of occlusal defects (p > 0.05). Regarding occlusal
defects, there were statistically significant differences observed between Gr 0 and Grl
among the samples restored with Evetric material subjected only to surface treatments
(ST) (p = 0.009). In contrast, the samples restored with the same material subjected to
high-impact parafunctional force simulation (ML + ST) showed a statistically significantly
higher number of occlusal defects (Gr 1) compared with the Gr 0 mechanically simulated
probes (p < 0.000001) (Figure 6B).

Importantly, Spearman’s rho correlation coefficient revealed a strong relationship
between anatomical form parameter (AF)—(our scoring system) occlusal defects and
marginal adaptation parameter (MA)—interfacial defects, respectively (ST and ML + ST
groups) for both tested biocomposite restorative materials (p < 0.05).

4. Discussion

For many decades, indication of biocomposite materials for various clinical situations
has increased significantly. However, these dental restorative biomaterials are subjected in
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the oral environment (abnormal occlusal forces, external bleaching, consumption of carbon-
ated beverages) to changes in their functional and mechanical behavior when indicated
primarily for patients with masticatory habits.

The study aimed to recreate one of the most common situations of a young patient
suffering from specific parafunctional occlusal stress (bruxism) who consumes acidic
beverages and uses at-home dental bleaching.

Dental aesthetics has always been a primary concern. Thus, home-use dental bleaching
gels or other whitening pastes are now widely available online. Bleaching gels often
advertise that 5 min home use is enough to whiten one’s teeth [25]. The target audience for
this type of product is teenagers and young adults ages 17 to 30. It is called into question
whether these types of gels, indicated by the dentist, have a mild or strong effect only on
natural teeth or dental restorations. Because the bleaching agent acts on the surface of the
teeth or restorations, it was observed that it may affect fracture toughness of resin-based
composite restorations [30,31]] and may lead to release of some organic matrix polymers in
the oral environment [32]. According to Schuster L. et al., bleaching procedures may cause
reduced or enhanced elution of chemicals from the composites [33].

Another critical issue nowadays is the high percentage of patients who consume large
quantities of sports drinks (Gatorade, Isostar, etc.) and carbonated beverages (e.g., Coca-
Cola, Pepsi, Fanta, etc.), who represent the same target audience mentioned above [10,11].
When these two extrinsic elements are combined with intrinsic ones, such as parafunc-
tional occlusal forces, it is essential to understand the affected dental areas and what the
practitioner can use to restore the teeth [15-20].

In our in vitro investigation, we combined two surface treatments (home-use den-
tal bleaching gel and immersion in sports drinks and carbonated beverages) with high-
parafunctional masticatory simulation to assess both qualitatively and quantitatively the
behavior of two resin-based biocomposites. Thus, we used a dual-axis chewing simula-
tor with the loading force established at 70N [8] corresponding to the non-physiological
masticatory force of a bruxer human subject [34]. It must be pointed out that there are not
enough studies on this specific subject—consumption of acidic beverages and simulated
bruxism forces in association with uncontrolled at-home tooth whitening procedures and
their effect on mechanical behavior of composite restorative materials.

Qualitative analysis revealed significantly rougher surfaces for Evetric biocomposite
subjected to surface treatments compared to Filtek Z550. This result may be explained based
on the chemical composition of the restorative materials: Evetric contains pre-polymerized
particles and a distribution of 55-57% vol. of the inorganic fillers, while Filtek Z550 contains
68% vol. distribution (nanoparticles and nanoclusters). Given the values, it can be noted
that the fillers protect the remaining organic matrix for Filtek Z550. Thus, it might be a
higher chance for Evetric to wear its surface matrix much easier due to the low volume
distribution of the filler particles [35]. (Table 2).

The slight color change observed is based on the size of the particles mentioned above. Fil-
tek Z550 has smaller particles and, therefore, has a smoother surface and will have lower exter-
nal coloration (Figure 7); the same results were obtained by Ozkanoglu S. et al. [35]. Although
nanohybrid composite resins should be resistant to external coloration,
Giiler et al. and other researchers [36,37] reported that excess silane-binding agent and
resin amount have a significant difference that increases coloration. Therefore, similar
behavior of the color parameters of grades 1 and 2 was observed for the tested samples
(Figures 4 and 7).

When discussing the materials’ composition, two other aspects are worth mentioning:
the influence of filler percentage and the photoinitiator. Dikova T et al. [38] conducted an
in vitro study that analyzed three composites (Filtek One Bulk Fill, Evetric, and FC G-aenial
Universal Flo) and concluded that the Filtek material (with a similar distribution of matrix
and filler particles to Filtek Z550), due to its higher filler content and composition, has the
highest microhardness in comparison to Evetric [39]. Similar results were also obtained in
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our study: Filtek Z550 showed better preservation than Evetric of the initial anatomical
form after high parafunctional simulated forces (Figure 3).

Figure 7. Photos of restored samples representing modified clinical parameters criteria for (A) Filtek
Z550-ML + ST and ST groups and (B) Evetric ML + ST and ST groups.

It is essential to note that properties of composite materials are also influenced by
a patient’s diet (erosive factors), the materials’ composition, and the polymerization
method [40,41].

In our study, the tested nanohybrid composites had different photoinitiators: Ivo-
cerin (390-445 nm wavelength), for Evetric and for Filtek Z550, camphorquinone (CQ;
360-510 nm wavelength). Kowalska A. et al. [39] demonstrated that the highest hardness
and microhardness are associated with Filtek Z550, which contained CQ as a photoinitia-
tor [35]. In our study, the LED light-curing unit had a very narrow range of wavelength
(440-480 nm), which increased the possibility for Evetric to have a higher depth of cure and
polymerization degree, even if the filler particles content was low [38,39]; on the other side,
in the case of Filtek Z550, there was higher inorganic filler content and a wider range of
the wavelength compared with that of the LED lamp. Our investigation observed similar
changes (p > 0.05) in mechanical surface behavior related to anatomical form and occlusal
defects of the tested composite materials when surface treatments (ST) were simulated
(Figures 4, 5C, 6 and 7). Our findings are in accordance with other studies [8,18,38,39].

On the X-ray and CBCT images, it was observed that the samples restored with
Evetric were more radio-opaque than those restored with Filtek Z550 (Figure 5A,C). This
observation agrees with the results reported by other researchers [7,42,43]. Thus, the
following possible explanation may be taken into consideration: within the inorganic phase
composition, Evetric has different variants of filler particles (BaO glass, Ytterbium fluorides,
oxides) and a low number of variants of organic polymers (Table 2) [28], while Filtek Z550
is highly represented by a variety of organic matrix monomers and only a few types of
inorganic fillers (Zirconia and Silica particles) [7,43], so, the higher the variety of inorganic
filler particles, the higher the radio-opacity.

Use of micro-CT is considered a “golden standard” non-destructive radiographic
method for evaluating small areas for different human structures [23], especially detection
of tooth-restorative material interfacial defects [22—24,44-46]. This method uses high
radiation values for tiny areas and thus may be used only with a specific type of prepared
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samples along with laboratory investigations [23,44—46]. To better detect defects, dental
samples are immersed in 50% silver nitrate solution [44—46]

For many years, cone beam computer tomography (CBCT) has been widely used
for different dental specialties, especially surgical ones. This non-invasive investigation
method was preferred in the past decade and is often indicated for endodontics and caries
detection [21,24,47]. With CBCT, it is possible to explore dental tissues based on three-
dimensional analysis, which can be completed from different plans and sectioning of the
assessed tissues at different levels [21,23]. Thus, CBCT analysis on a daily dental basis may
help a dental practitioner with more elements and information three-dimensionally evalu-
ated than simple radiography at high resolution. Thus, both methods may be corroborated
by the dental clinician to improve a single radiographic analysis.

The reason for using a cone beam CT device for our investigation was based on its
clinical indication by dental practitioners [21,24,47]. This analysis was accomplished by
respecting the conditions of clinical practice to identify its limits as correctly as possible.
Our results have demonstrated similar detections with micro-CT images used by other
investigators [44,45].

In our study, quantitative analysis completed with an X-ray and CBCT device showed
significantly higher interfacial and occlusal defects for Evetric than Filtek Z550 (Gr 2,
p < 0.05) after the samples were subjected to high-impact masticatory forces simulation
(Figures 5 and 6). Other studies also reported similar results [14,20,44].

When interfacial defects were analyzed, based on silver nitrate infiltration, CBCT
images revealed statistically significant higher differences between the samples of both ma-
terials when these were subjected to bruxism simulation compared with those samples that
underwent only surface treatments (immersion in carbonated juice and dental bleaching
gel) (p < 0.05). Other researchers also observed similar effects [19,44-46,48]; moreover, for
interfacial microleakage analysis, they reported [44-46] immersion of the samples in silver
nitrate 50%, which is the same tracer used in our study.

Summing up, the Spearman rho correlation coefficient revealed a relationship between
the two variables, which may strengthen the reliability of our grading system. Moreover,
there is a correlation between the clinical parameters that evaluate the restorations exteriorly
(modified clinical parameters criteria) and the internal ones (X-rays and CBCT).

The present study was based on the hypothesis that there is no difference between
the tested composites regarding their mechanical behavior, aesthetics, and functional
behaviors regardless of type of surface aging treatment and bruxism simulation forces.
After qualitative and quantitative analysis, the null hypothesis was rejected.

Our study had some limitations, such as laboratory setup, simulation of high parafunc-
tional occlusal forces, type of restorative materials, and lack of elution chemical compounds
collected for both assessment methods (ST and ML + ST), as well as the use of a thermocycler.
Nevertheless, we want to emphasize some of the strong points of this investigation: simu-
lation of the periodontal ligament for tooth mobility using a polyvinyl siloxane material
along with the Willytec Chewing simulator type (C.5.-4.2, SD Mechatronik, Feldkirchen-
Westerham, Germany); to our knowledge, this study design has not yet been reported by
different groups of researchers from another academic university. Along with periodontal
ligament simulation, the whole laboratory setup had the goal to implement a real clinical
situation from a daily basis dental activity. The restored teeth were placed in contact
proximally so that the ceramic stylus met both restored teeth. Another strong point is
use of the assessment devices (high-resolution camera, digital X-rays, and CBCT device)
recommended daily by dental practitioners. Moreover, to analyze the restored samples,
we used loupes and digital images, enabling us to evaluate the dental restorations from an
extrinsic and intrinsic 3D point of view.

However, more clinical and in vitro studies should analyze this vast domain of
cone-beam computed tomography assessment and the effects of combined bruxism-acid
beverages—dental bleaching on more types of dental restorative materials, other types of
dental fillings, and different lab-simulated clinical setups.



Medicina 2023, 59, 360 13 of 15

5. Conclusions

Within the limits of this in vitro investigation, the following conclusions may
be drawn:

- simulation of bruxism forces combined with surface treatments (immersion in car-
bonated juice and external bleaching) induced different mechanical and functional
behavior patterns of the analyzed resin-based biocomposites.

- radiographic and CBCT evaluation revealed more details regarding the mechanical
behavior of the tested restorative biomaterials compared with other analyzed methods
(digital camera and loupes).

- use of different surface agents (carbonated juice and dental bleaching agent) dramati-
cally impacts surface behavior of tested materials for simulated bruxism conditions.

- higher radio-opacity was observed for Evetric compared with Filtek Z550.

- more cervical defects were observed on radiographic and CBCT images for Evetric
compared with Filtek Z550.

- color parameter indicated a slight color change between tested materials.

- aging treatments increased surface roughness of Evetric restorations compared with
Filtek Z550 samples.

Author Contributions: Conceptualization, A.O. and A.A.B.; methodology, C.M.P. and A.A.B.; soft-
ware, A.O., writing—original draft preparation, A.A.B., E.B.V. and C.M.P,; writing—review and
editing, A.O., S.S. and D.D.; supervision, A.O. and D.D. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was carried out in accordance with the Declaration
of Helsinki and approved by the Research Ethics and Methodology Department, University of
Medicine and Pharmacy “Iuliu Hatieganu,” Cluj-Napoca, Romania (247/30.06.2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data supporting this study’s findings are available on request from
the corresponding author.

Conflicts of Interest: The authors have no conflict of interest to declare.

References

1.

10.

Hardan, L.; Mancino, D.; Bourgi, R.; Cuevas-Suarez, C.E.; Lukomska-Szymanska, M.; Zarow, M.; Jakubowicz, N.; Zamarripa-
Calderén, J.E.; Kafa, L.; Etienne, O.; et al. Treatment of Tooth Wear Using Direct or Indirect Restorations: A Systematic Review of
Clinical Studies. Bioengineering 2022, 9, 346. [CrossRef] [PubMed]

Ferracane, ].L. Resin composite—State of the art. Dent. Mater. 2011, 27, 29-38. [CrossRef] [PubMed]

Burke, FJ.; Crisp, R.J.; James, A.; Mackenzie, L.; Pal, A.; Sands, P.; Thompson, O.; Palin, W.M. Two year clinical evaluation of a
low-shrink resin composite material in UK general dental practices. Dent Mater. 2011, 27, 622-630. [CrossRef] [PubMed]

Wang, Y.; Zhu, M.; Zhu, X.X. Functional fillers for dental resin composites. Acta Biomater. 2021, 122, 50-65. [CrossRef]

Mok, Z.H.; Proctor, G.; Thanou, M. Emerging nanomaterials for dental treatments. Emerg. Top. Life Sci. 2020, 4, 613-625. [CrossRef]
[PubMed]

Jandt, K.D.; Watts, D.C. Nanotechnology in dentistry: Present and future perspectives on dental nanomaterials. Dent. Mater. 2020,
36, 1365-1378. [CrossRef]

3M Dental Products FiltekTM Supreme Universal Restorative System. Technical Product Profile St. Paul MN 55144-1000. 2019.
Available online: https://multimedia.3m.com/mws/media/7444110/ filtek-z550-technical-data-sheet-cee.pdf (accessed on 23
January 2021).

Ghazal, M.; Kern, M. Wear of human enamel and nano-filled composite denture teeth under different loading forces. J. Oral
Rehabil. 2009, 36, 58—64. [CrossRef]

Lobbezoo, E; Ahlberg, ].; Glaros, A.G.; Kato, T.; Koyano, K.; Lavigne, G.J.; de Leeuw, R.; Manfredini, D.; Svensson, P.; Winocur, E.
Bruxism defined and graded: An international consensus. J. Oral Rehabil. 2013, 40, 2—4. [CrossRef]

Mettler, S.; Rusch, C.; Colombani, P.C. Osmolarity and pH of sport and other drinks available in Switzerland. Schweiz. Z. Med.
Traumatol. 2006, 54, 92-95.


http://doi.org/10.3390/bioengineering9080346
http://www.ncbi.nlm.nih.gov/pubmed/36004871
http://doi.org/10.1016/j.dental.2010.10.020
http://www.ncbi.nlm.nih.gov/pubmed/21093034
http://doi.org/10.1016/j.dental.2011.02.012
http://www.ncbi.nlm.nih.gov/pubmed/21514654
http://doi.org/10.1016/j.actbio.2020.12.001
http://doi.org/10.1042/ETLS20200195
http://www.ncbi.nlm.nih.gov/pubmed/33200780
http://doi.org/10.1016/j.dental.2020.08.006
https://multimedia.3m.com/mws/media/744411O/filtek-z550-technical-data-sheet-cee.pdf
http://doi.org/10.1111/j.1365-2842.2008.01904.x
http://doi.org/10.1111/joor.12011

Medicina 2023, 59, 360 14 of 15

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Frese, C.; Frese, F.; Kuhlmann, S.; Saure, D.; Reljic, D.; Staehle, H.J.; Wolff, D. Effect of endurance training on dental erosion, caries,
and saliva. Scand. ]. Med. Sci. Sport. 2015, 25, €319-e326. [CrossRef]

Park, ] W.; An, ].S,; Lim, WH.; Lim, B.S.; Ahn, S.J. Microbial changes in biofilms on composite resins with different surface
roughness: An in vitro study with a multispecies biofilm model. J. Prosthet. Dent. 2019, 122, 493. [CrossRef] [PubMed]

Favero, V.; Bacci, C.; Volpato, A.; Bandiera, M.; Favero, L.; Zanette, G. Pregnancy and Dentistry: A Literature Review on Risk
Management during Dental Surgical Procedures. Dent. J. 2021, 9, 46. [CrossRef] [PubMed]

Caracostea (Objelean), A.; Labunet, A.; Silaghi-Dumitrescu, L.; Moldovan, M.; Sava, S.; Badea, M. E In vitro chewing simulation
model influence on the adhesive-tooth structure interface. KEM 2016, 695, 77-82. [CrossRef]

Kumar, N.; Amin, F; Hashem, D.; Khan, S.; Zaidi, H.; Rahman, S.; Farhan, T.; Mahmood, S.J.; Asghar, M.A.; Zafar, M.S. Evaluating
the pH of Various Commercially Available Beverages in Pakistan: Impact of Highly Acidic Beverages on the Surface Hardness
and Weight Loss of Human Teeth. Biomimetics 2022, 7, 102. [CrossRef]

Zimmer, S.; Kirchner, G.; Bizhang, M.; Benedix, M. Influence of various acidic beverages on tooth erosion. Evaluation by a new
method. PLoS ONE 2015, 10, €0129462. [CrossRef]

Pinelli, M.D.; Catelan, A.; de Resende, L.E,; Soares, L.E.; Aguiar, FH.; Liporoni, P.C. Chemical composition and roughness of
enamel and composite after bleaching, acidic beverages and toothbrushing. J. Clin. Exp. Dent. 2019, 11, e1175-e1180. [CrossRef]
Scribante, A.; Gallo, S.; Scarantino, S.; Dagna, A.; Poggio, C.; Colombo, M. Exposure of Biomimetic Composite Materials to Acidic
Challenges: Influence on Flexural Resistance and Elastic Modulus. Biomimetics 2020, 5, 56. [CrossRef]

Féliz-Matos, L.; Hernandez, L.M.; Abreu, N. Dental Bleaching Techniques; Hydrogen-carbamide Peroxides and Light Sources for
Activation, an Update. Mini Review Article. Open Dent. J. 2015, 8, 264-268. [CrossRef]

Caracostea (Objelean), A.; Morar, N.; Florea, A.; Soanca, A.; Badea, M.E. Two-body wear simulation influence on some direct and
indirect dental resin biocomposites—A qualitative analysis. Acta Bioeng. Biomech. 2016, 18, 61-72. [CrossRef]

Pauwels, R.; Araki, K.; Siewerdsen, ].H.; Thongvigitmanee, S.S. Technical aspects of dental CBCT: State of the art. Dentomaxillofac.
Radiol. 2015, 44, 20140224. [CrossRef]

Wang, L.; Li, ].P; Ge, Z.P; Li, G. CBCT image based segmentation method for tooth pulp cavity region extraction. Dentomaxillofac.
Radiol. 2019, 48, 20180236. [CrossRef]

Liang, X.; Zhang, Z.; Gu, J.; Wang, Z.; Vandenberghe, B.; Jacobs, R.; Yang, ].; Ma, G.; Ling, H.; Ma, X. Comparison of micro-CT
and cone beam CT on the feasibility of assessing trabecular structures in mandibular condyle. Dentomaxillofac. Radiol. 2017,
46,20160435. [CrossRef] [PubMed]

Kajan, Z.D.; Taromsari, M. Value of cone beam CT in the detection of dental root fractures. Dentomaxillofac. Radiol. 2012, 41, 3-10.
[CrossRef]

Amazon.com: 5 Pack Natural White 5-Minute Teeth Whitening Kits: Health & Household. Available online: https://www.
amazon.com/Natural-White-5-minute-Teeth-Whitening /dp/B000QU4U88 (accessed on 15 January 2020).

Crisp, R.J.; Cowan, A.W.; Lamb, J.; Thompson, O.; Tulloch, N.; Burke, F].T. A clinical evaluation of all-ceramic bridges placed in
UK general dental practices: First-year results. Br. Dent. J. 2008, 205, 477-482. [CrossRef] [PubMed]

Hickel, R.; Peschke, A.; Tyas, M.; Mjor, 1; Bayne, S.; Peters, M.; Hiller, K.A.; Randall, R.; Vanherle, G.; Heintze, S.D. FDI World
Dental Federation: Clinical criteria for the evaluation of direct and indirect restorations-update and clinical examples. Clin. Oral
Investig. 2010, 14, 349-366. [CrossRef] [PubMed]

Evetric. Instructions for Use (eIFU). Ivoclar Vivadent Products Shaan, Lichtenstein. Available online: https://www.ivoclar.com/
en_li/eifu?ref-number=&brand=evetric (accessed on 23 January 2021).

OptiBond eXTRa Universal—Instructions for Use (IFU). Kerr Dental. Available online: https://www.kerrdental.com/en-eu/
resource-center /optibond-extra-universal-instructions-use-ifu (accessed on 23 January 2021).

Bagheri, R.; Fani, M.; Barfi Ghasrodashti, A.R.; Nouri Yadkouri, N.; Mousavi, S.M. Effect of a Home Bleaching Agent on the
Fracture Toughness of Resin Composites: Using short rod design. J. Dent. Shiraz Univ. Med. Sci. 2014, 15, 74-80.

Abdelaziz, KM.; Mir, S.; Khateeb, S.U.; Baba, S.M.; Alshahrani, S.S.; Alshahrani, E.A.; Alsafi, Z.A. Influences of Successive
Exposure to Bleaching and Fluoride Preparations on the surface Hardness and Roughness of the Aged Resin Composite
Restoratives. Medicina 2020, 56, 476. [CrossRef]

Schuster, L.; Reichl, E-X.; Rothmund, L.; He, X.; Yang, Y.; Van Landuyt, K.L.; Kehe, K.; Polydorou, O.; Hickel, R.; Hogg, C. Effect
of Opalescence® bleaching gels on the elution of bulk-fill composite components. Dent. Mater. 2016, 32, 127-135. [CrossRef]
[PubMed]

Schuster, L.; Rothmund, L.; He, X.; Van Landuyt, K.L.; Schweikl, H.; Hellwig, E.; Carell, T.; Hickel, R.; Reichl, F-X.; Hogg, C.
Effect of Opalescence® bleaching gels on the elution of dental composite components. Dent. Mater. 2015, 31, 745-757. [CrossRef]
[PubMed]

Heintze, S.D. How to qualify and validate wear simulation devices and methods. Dent. Mater. 2006, 22, 712-734. [CrossRef]
Ozkanoglu, S.; Akin, E.G. Evaluation of the effect of various beverages on the color stability and microhardness of restorative
materials. Niger J. Clin. Pract. 2020, 23, 322. [CrossRef] [PubMed]

Giiler, A.U.; Giiler, E.; Yiicel, A.C.; Ertas, E. Effects of polishing procedures on color stability of composite resins. J. Appl Oral Sci
2009, 17, 108-112. [CrossRef]


http://doi.org/10.1111/sms.12266
http://doi.org/10.1016/j.prosdent.2019.08.009
http://www.ncbi.nlm.nih.gov/pubmed/31648793
http://doi.org/10.3390/dj9040046
http://www.ncbi.nlm.nih.gov/pubmed/33921608
http://doi.org/10.4028/www.scientific.net/KEM.695.77
http://doi.org/10.3390/biomimetics7030102
http://doi.org/10.1371/journal.pone.0129462
http://doi.org/10.4317/jced.56442
http://doi.org/10.3390/biomimetics5040056
http://doi.org/10.2174/1874210601408010264
http://doi.org/10.5277/ABB-00480-2015-03
http://doi.org/10.1259/dmfr.20140224
http://doi.org/10.1259/dmfr.20180236
http://doi.org/10.1259/dmfr.20160435
http://www.ncbi.nlm.nih.gov/pubmed/28350523
http://doi.org/10.1259/dmfr/25194588
https://www.amazon.com/Natural-White-5-minute-Teeth-Whitening/dp/B00OQU4U88
https://www.amazon.com/Natural-White-5-minute-Teeth-Whitening/dp/B00OQU4U88
http://doi.org/10.1038/sj.bdj.2008.937
http://www.ncbi.nlm.nih.gov/pubmed/18997700
http://doi.org/10.1007/s00784-010-0432-8
http://www.ncbi.nlm.nih.gov/pubmed/20628774
https://www.ivoclar.com/en_li/eifu?ref-number=&brand=evetric
https://www.ivoclar.com/en_li/eifu?ref-number=&brand=evetric
https://www.kerrdental.com/en-eu/resource-center/optibond-extra-universal-instructions-use-ifu
https://www.kerrdental.com/en-eu/resource-center/optibond-extra-universal-instructions-use-ifu
http://doi.org/10.3390/medicina56090476
http://doi.org/10.1016/j.dental.2015.11.033
http://www.ncbi.nlm.nih.gov/pubmed/26719129
http://doi.org/10.1016/j.dental.2015.03.016
http://www.ncbi.nlm.nih.gov/pubmed/25900623
http://doi.org/10.1016/j.dental.2006.02.002
http://doi.org/10.4103/njcp.njcp_306_19
http://www.ncbi.nlm.nih.gov/pubmed/32134030
http://doi.org/10.1590/S1678-77572009000200007

Medicina 2023, 59, 360 15 of 15

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Elwardani, G.; Sharaf, A.A.; Mahmoud, A. Evaluation of colour change and surface roughness of two resin-based composites
when exposed to beverages commonly used by children: An in-vitro study. Eur Arch. Paediatr. Dent. 2019, 20, 267-276. [CrossRef]
[PubMed]

Dikova, T.; Maximov, J.; Todorov, V.; Georgiev, G.; Panov, V. Optimization of Photopolymerization Process of Dental Composites.
Processes 2021, 9, 779. [CrossRef]

Kowalska, A.; Sokolowski, ].; Gozdek, T.; Krasowski, M.; Kopacz, K.; Bociong, K. The Influence of Various Photoinitiators on the
Properties of Commercial Dental Composites. Polymer 2021, 13, 3972. [CrossRef] [PubMed]

Szalewski, L.; Wojcik, D.; Bogucki, M.; Szkutnik, J.; Rézylo-Kalinowska, I. The Influence of Popular Beverages on Mechanical
Properties of Composite Resins. Materials 2021, 14, 3097. [CrossRef] [PubMed]

Szalewski, L.; Wojcik, D.; Sofiniska-Chmiel, W.; Kusmierz, M.; Rézylo-Kalinowska, I. How the Duration and Mode of Photopoly-
merization Affect the Mechanical Properties of a Dental Composite Resin. Materials 2023, 16, 113. [CrossRef] [PubMed]
Dionysopoulos, D.; Tolidis, K.; Gerasimou, P.; Papadopoulos, C. Analyzing the radiopacity of dental composite restoratives.
SPEPRO 2017. [CrossRef]

Ermis, R.B.; Yildirim, D.; Yildiz, G.; Gormez, O. Radiopacity evaluation of contemporary resin composites by digitization of
images. Eur. |. Dent. 2014, 8, 342-347. [CrossRef]

Neves, A.A ; Jaecquesa, S.; Van Ende, A.; Cardoso, M.V,; Coutinho, E.; Lithrs, A.K; Zicari, F.; Van Meerbeek, B. 3D-microleakage
assessment of adhesive interfaces: Exploratory findings by uCT. Dent. Mater. 2014, 30, 799-807. [CrossRef]

Jacker-Guhr, S; Ibarra, G.; Oppermann, L.S.; Lithrs, A K,; Rahman, A.; Geurtsen, W. Evaluation of microleakage in class V
composite restorations using dye penetration and micro-CT. Clin. Oral Invest. 2016, 20, 1709-1718. [CrossRef]

Rengo, C.; Goracci, C.; Ametrano, G.; Chieffi, N.; Spagnuolo, G.; Rengo, S.; Ferrari, M. Marginal Leakage of Class V Composite
Restorations Assessed Using Microcomputed Tomography and Scanning Electron Microscope. Oper. Dent. 2015, 40, 440—448.
[CrossRef]

Tyndall, D.A.; Rathore, S. Cone-Beam CT Diagnostic Applications: Caries, Periodontal Bone Assessment and Endodontic
Applications. Dent. Clin. N. Am. 2008, 52, 825-841. [CrossRef] [PubMed]

Labunet, A.; Objelean, A.; Almasan, O.; Kui, A.; Buduru, S.; Sava, S. Bruxism’s Implications on Fixed Orthodontic Retainer
Adhesion. Dent. J. 2022, 10, 141. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1007/s40368-018-0393-1
http://www.ncbi.nlm.nih.gov/pubmed/30588569
http://doi.org/10.3390/pr9050779
http://doi.org/10.3390/polym13223972
http://www.ncbi.nlm.nih.gov/pubmed/34833271
http://doi.org/10.3390/ma14113097
http://www.ncbi.nlm.nih.gov/pubmed/34198751
http://doi.org/10.3390/ma16010113
http://www.ncbi.nlm.nih.gov/pubmed/36614452
http://doi.org/10.2417/spepro.006919
http://doi.org/10.4103/1305-7456.137644
http://doi.org/10.1016/j.dental.2014.05.003
http://doi.org/10.1007/s00784-015-1676-0
http://doi.org/10.2341/14-022-L
http://doi.org/10.1016/j.cden.2008.05.002
http://www.ncbi.nlm.nih.gov/pubmed/18805231
http://doi.org/10.3390/dj10080141
http://www.ncbi.nlm.nih.gov/pubmed/36005239

	Introduction 
	Materials and Methods 
	Results 
	Qualitative Analysis 
	Quantitative Analysis 

	Discussion 
	Conclusions 
	References

