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Abstract: The purpose of this study was to analyze the fracture resistance and marginal leakage of
noncarious cervical lesion (NCCL) restorations made of different restorative materials. Eighty upper
premolars were randomly divided into four groups (n = 20/group). Standardized NCCL cavity
preparations were performed on the buccal surface of the teeth and then restored with four different
materials. Group 1: Packable resin composite (PC); Group 2: Highly flowable resin composite
(HF); Group 3: Low flowable resin composite (LF); Group 4: Resin modified glass ionomer cement
(RMGIC). After restorations were completed, cyclic and static fracture behavior was evaluated using
a loading testing machine. Extra restored teeth were sectioned and then stained (n = 5/group).
The specimens were viewed under a stereo microscope and the percentage of microgaps at the
tooth–restoration interface was calculated. All restored teeth survived after fatigue loading. There
was no statistically significant (p > 0.05) difference between the tested restorations after the static
loading test. NCCLs restored with highly filled flowable composite showed the least microleakage
among the tested groups (p < 0.05). The investigated restorative materials are acceptable for NCCL
restorations in terms of fracture resistance and microleakage.

Keywords: noncarious cervical lesion; flowable composite; glass-ionomer cement; direct restoration;
fatigue resistance; microleakage; resin composite; dentistry

1. Introduction

A noncarious cervical lesion (NCCL) is defined as the loss of tooth structure at the
cementoenamel junction (CEJ) that is not related to bacteria [1,2]. The etiology of NCCLs is
considered to be multifactorial, with the proposed predisposing factors being stress (abfrac-
tion), mechanical wear (from toothbrush/dentifrice abrasion) and biocorrosion (chemical
degradation) [3,4]. According to the current literature, the worldwide prevalence of NCCLs
is 46.7% among adults [5]. It is important to note that the prevalence and the severity
of NCCLs shows an increase with age [5,6]. Since the amount and direction of loading
also appears to play an important role in the development of NCCLs [3,7], a stressful
lifestyle and its intraoral sequelae, such as bruxism and temporomandibular disorders,
further worsen the NCCL issue. Given that a stressful life and increased life expectancy
both characterize modern western societies, the prevalence of NCCLs is expected to rise
considerably in the future [8]. As noted by many, successfully restoring NCCLs remains a
challenge [6,7,9,10].
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Choosing the correct restorative material is of high importance in the case of restoring
NCCLs. For such restorations, resin composite materials have been suggested and are
routinely used [11]. However, the dentin in these lesions presents a high degree of sclerosis,
with partial or total obliteration of the dentin tubules, which is unfavorable for dentin
bonding [12,13]. The problem is complicated by polymerization shrinkage, which exposes
the interface between the restoration and the NCCL to stress. Finally, due to their high
elastic modulus, conventional packable resin composites show low flexibility when the
tooth structure is deformed under mechanical load [8,14]. Consequently, the usage of
flowable resin composites has been proposed for restoring NCCLs, because their elastic
modulus is considerably lower, which may allow both a higher level of flexibility during
function and reduced levels of stress related to polymerization shrinkage [14,15].

As an alternative to resin composite materials, modern glass ionomer materials could
also be used in the case of NCCLs, since these materials are especially suitable for bonding
with sclerotic dentin [13].

The question arises as to which of the abovementioned materials would be best to re-
store an NCCL in terms of fracture resistance. The marginal leakage of these restorations is
also an open question. Therefore, the purpose of this study was to analyze the fracture resis-
tance and marginal leakage of NCCL restorations made of different restorative materials.

The null hypothesis is that (1) NCCLs restored with various filling materials would
have no difference in mechanical resistance, and (2) in microleakage values.

2. Materials and Methods

The study was approved by the Ethics Committee of the University of Szeged, Szeged,
Hungary. The study design conformed to the Declaration of Helsinki in all respects. Eighty
upper premolar teeth, extracted for periodontal or orthodontic causes, were used. The
required sample size was calculated in G*Power 3.1.9.7 (Universität Düsseldorf, Düsseldorf,
Germany), for four groups and an effect size of f = 0.4, for ANOVA, and a statistical power of
0.8. The required total sample size turned out to be n = 76. The freshly extracted premolars
were placed into 5.25% NaOCl for 5 min and then hand scalers were used to remove soft
tissues [16–18]. All teeth were stored in 0.9% saline solution at room temperature and were
used within 2 months.

The inclusion criteria were as follows: visual absence of caries or root cracks, absence
of previous endodontic treatment, posts, crowns, or resorptions. The specimens were
also selected according to their coronal and radicular dimensions, measured vertically,
mesio-distally, and bucco-palatally. Regarding these dimensions, the deviation limit was
10% from the group mean.

2.1. Cavity Preparation and Restorative Procedures

A standardized NCCL was prepared on the buccal part of all teeth using a ball
diamond bur (801.016.018 FG—Brasseler USA Dental, Savannah, GA, USA) with water
coolant. The artificial lesions were 2 mm high (corono-apically, ending 1 mm above and
1 mm below the cementoenamel junction (CEJ)), 4 mm wide (mesio-distally), and 2 mm
deep in the midline of the lesion. The lesion dimensions were continuously controlled with
the size of the bur used for preparation and with a 15 UNC periodontal probe (Hu-Friedy
Mfg. Co., Chicago, IL, USA). Four different materials were used to restore the specimens
(Table 1). The teeth were evenly divided into four groups (n = 20/group, Groups 1–4).

All specimens in Groups 1–3 received the same adhesive treatment. The enamel
was selectively acid-etched with 37% phosphoric acid (Ultraetch, Ultradent, South Jordan,
UT, USA) for 15 s and washed with water. After drying the cavities, adhesive treatment
was carried out with G-Premio Bond (GC Europe, Leuven, Belgium) according to the
manufacturer’s instructions. The adhesive was light-cured for 40 s with a 501 quartz-
tungsten-halogen light-curing unit (Kerr Corp., Orange, CA, USA). The average power
density of the light source, measured with a digital radiometer (Jetlite light tester, J. Morita
USA Inc., Irvine, CA, USA), was 780 ± 36.8 mW/cm2.
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Table 1. List of the materials used during the restorative procedures in this study.

Materials Used in This Study

Material Commercial Name Composition

Packable resin composite GC Essentia Universal Composite

urethane dimethacrylate (UDMA),
bismethacrylate (BisEMA),

dimethylmethacrylate,
isopropylidenediphenol,

methylpropenoic acid, benzotriazolcresol.
Prepolymerized silica and ytterbium
trifluoride, barium glass 81 weight%

Flowable resin composite

GC Essentia LoFlo

UDMA, dimethylmethacrylate,
benzotriazolcresol, fomardehyde

polymers, diphenylphosphine oxide.
Barium glass 69 weight%. Differences in

the fillers size

GC Essentia HiFlo

RMGIC GC Fuji II LC in caps
2-hydroxyethyl methacrylate, polyacrylic

acid, water. 58 weight%
Fluoro-aluminumsilicate

Adhesive system G-Premio Bond

methacryloyloxydecyl dihydrogen
phosphate, methacryloxyethyl

trimellitate, methacryloyloxyalkyl
thiophosphate methylmethacrylate,
butylated hydroxytoluene, acetone,

dimethacrylateresins, initiators, water

Dentin Conditioner GC Dentin Conditioner 10% polyacrylic acid

Etching gel Ultradent-Ultra-Etch orthophosphoric acid 35%

The specimens were restored as follows (Figure 1):
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Figure 1. Diagram showing the test groups restored with different direct filling materials. 1: packable
composite PC; 2: high flowable composite HF; 3: low flowable composite LF; 4: resin modified glass
ionomer cement RMGIC.

Group 1: The teeth were restored with packable (PC) resin composite (Essentia Univer-
sal, GC Europe). The resin composite was applied in two consecutive oblique increments.
Each layer was light-cured for 20 s.
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Group 2: The teeth were restored with a less filled flowable (HF) resin composite
(Essentia HiFlo, GC Europe, Leuven, Belgium) the same way as in Group 1.

Group 3: The teeth were restored with a highly filled flowable (LF) resin composite
(Essentia LoFlo, GC Europe, Leuven, Belgium) the same way as in Group 1.

Group 4: The cavities were conditioned with 10% polyacrylic acid (Dentin Conditioner,
GC Europe), and then washed and lightly dried. The teeth were restored with resin
modified GIC (Fuji II LC, GC Europe, Leuven, Belgium) applied and light-cured according
to the respective manufacturers’ instructions.

The restorations were finished with a fine granular diamond bur (FG 7406-018, Jet
Diamonds, Ft. Worth, TX, USA and FG 249-F012, Horico, Berlin, Germany) under water
cooling. The restored specimens were stored in a physiological saline solution (Isotonic
Saline Solution 0.9% B.Braun, Melsungen, Germany) until testing.

2.2. Mechanical Testing

As described in our previous article [16], the root surface of the restored specimen was
coated with a layer of liquid latex separating material (Rubber-Sep, Kerr, Orange, CA, USA)
prior to embedding. To simulate the normal bone level, the specimens were embedded
in methacrylate resin (Technovit 4004, Heraeus-Kulzer, Hanau, Germany) at 2 mm below
the CEJ.

Mechanical testing was carried out in two phases. In the first phase (pretesting), all
restored specimens were submitted to an accelerated fatigue-testing protocol [19,20] by
a hydrodynamic testing machine (Instron ElektroPlus E3000, Norwood, MA, USA) at an
angle of 135 degrees to the long axis of each tooth (Figure 2).

Polymers 2021, 13, x FOR PEER REVIEW 4 of 11 
 

 

Group 1: The teeth were restored with packable (PC) resin composite (Essentia 
Universal, GC Europe). The resin composite was applied in two consecutive oblique 
increments. Each layer was light-cured for 20 s. 

Group 2: The teeth were restored with a less filled flowable (HF) resin composite 
(Essentia HiFlo, GC Europe, Leuven, Belgium) the same way as in Group 1. 

Group 3: The teeth were restored with a highly filled flowable (LF) resin composite 
(Essentia LoFlo, GC Europe, Leuven, Belgium) the same way as in Group 1. 

Group 4: The cavities were conditioned with 10% polyacrylic acid (Dentin 
Conditioner, GC Europe), and then washed and lightly dried. The teeth were restored 
with resin modified GIC (Fuji II LC, GC Europe, Leuven, Belgium) applied and light-
cured according to the respective manufacturers’ instructions. 

The restorations were finished with a fine granular diamond bur (FG 7406-018, Jet 
Diamonds, Ft. Worth, TX, USA and FG 249-F012, Horico, Berlin, Germany) under water 
cooling. The restored specimens were stored in a physiological saline solution (Isotonic 
Saline Solution 0.9% B.Braun, Melsungen, Germany) until testing. 

2.2. Mechanical Testing 
As described in our previous article [16], the root surface of the restored specimen 

was coated with a layer of liquid latex separating material (Rubber-Sep, Kerr, Orange, CA, 
USA) prior to embedding. To simulate the normal bone level, the specimens were 
embedded in methacrylate resin (Technovit 4004, Heraeus-Kulzer, Hanau, Germany) at 2 
mm below the CEJ. 

Mechanical testing was carried out in two phases. In the first phase (pretesting), all 
restored specimens were submitted to an accelerated fatigue-testing protocol [19,20] by a 
hydrodynamic testing machine (Instron ElektroPlus E3000, Norwood, MA, USA) at an 
angle of 135 degrees to the long axis of each tooth (Figure 2). 

 
Figure 2. A photograph showing the test specimen and the fatigue load test setup. 

This phase simulated normal biting forces. Cyclic isometric loading was applied with 
a round-shaped metallic tip to the triangular ridge of the buccal cusp. A cyclic loading of 
5 Hz was applied, starting with gradually increasing static loading till 100 N in 5 s, 
followed by cyclic loading in 100 N steps up to 500 N, with 5000 cycles per step. The 
specimens were loaded until fracture occurred or up to 25,000 cycles. 

In the second phase, the surviving specimens underwent static load-to-fracture 
testing (Lloyd R1000, Lloyd Instruments Ltd., Fareham, UK) at a crosshead speed of 0.5 
mm/min. This phase simulated traumatic forces. A force vs. extension curve was 
dynamically plotted for each specimen. Fracture threshold, defined as the load at which 
the tooth–restoration complex exhibited the first fracture (detectable as peak formation on 
the extension curve), was recorded in Newtons (N). 

Figure 2. A photograph showing the test specimen and the fatigue load test setup.

This phase simulated normal biting forces. Cyclic isometric loading was applied with
a round-shaped metallic tip to the triangular ridge of the buccal cusp. A cyclic loading
of 5 Hz was applied, starting with gradually increasing static loading till 100 N in 5 s,
followed by cyclic loading in 100 N steps up to 500 N, with 5000 cycles per step. The
specimens were loaded until fracture occurred or up to 25,000 cycles.

In the second phase, the surviving specimens underwent static load-to-fracture testing
(Lloyd R1000, Lloyd Instruments Ltd., Fareham, UK) at a crosshead speed of 0.5 mm/min.
This phase simulated traumatic forces. A force vs. extension curve was dynamically plotted
for each specimen. Fracture threshold, defined as the load at which the tooth–restoration
complex exhibited the first fracture (detectable as peak formation on the extension curve),
was recorded in Newtons (N).

2.3. Microleakage Analysis

Five restored teeth per group were investigated in the microleakage analysis test. The
teeth were restored and fatigued in the same way as mentioned earlier (Groups 1–4). The
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teeth were sectioned mid-sagitally in the buccal–lingual plane using a ceramic cutting
disc operating at a speed of 100 rpm (Struers, Glasgow, Scotland) under water cooling.
Following this, the sectioned teeth were further ground and polished using #4000-grit
silicon carbide papers at 300 rpm under water cooling using an automatic grinding machine
(Rotopol-1; Struers, Copenhagen, Denmark). The sectioned teeth were then painted with
permanent marker, and polished gently for few seconds. The dye penetration along the
restoration margins of each section was evaluated independently using a stereo microscope
(Heerbrugg M3Z, Heerbrugg, Switzerland) at a magnification of 6.5×, and the extent of
dye penetration was recorded in mm as a percentage of the total margin length (Figure 3).

Polymers 2021, 13, x FOR PEER REVIEW 5 of 11 
 

 

2.3. Microleakage Analysis 
Five restored teeth per group were investigated in the microleakage analysis test. The 

teeth were restored and fatigued in the same way as mentioned earlier (Groups 1–4). The 
teeth were sectioned mid-sagitally in the buccal–lingual plane using a ceramic cutting disc 
operating at a speed of 100 rpm (Struers, Glasgow, Scotland) under water cooling. 
Following this, the sectioned teeth were further ground and polished using #4000-grit 
silicon carbide papers at 300 rpm under water cooling using an automatic grinding 
machine (Rotopol-1; Struers, Copenhagen, Denmark). The sectioned teeth were then 
painted with permanent marker, and polished gently for few seconds. The dye 
penetration along the restoration margins of each section was evaluated independently 
using a stereo microscope (Heerbrugg M3Z, Heerbrugg, Switzerland) at a magnification 
of 6.5×, and the extent of dye penetration was recorded in mm as a percentage of the total 
margin length (Figure 3). 

 

Figure 3. Pictures of sectioned specimens from all groups (1–4) showing microgaps at the 
restoration–tooth interface. 

2.4. Statistical Analysis 
Statistical analysis was performed in SPSS 23.0 (IBM Corp., Somers, NY, USA). The 

number of survived cycles was analyzed descriptively for each group and with the 
Kaplan–Meier method across the groups (with the Breslow test for the pairwise analyses). 
The frequency of restorable and non-restorable fractures, as well as the number of 
survived teeth, was calculated for each group. For the comparisons between the survived 
samples, an ANOVA with Tukey’s HSD post hoc test was used. The normality of the data 
was tested by both the Kolmogorov–Smirnov and the Shapiro–Wilk tests. For both tests 
and all groups, the level of significance was p > 0.05, indicating that the data were 
normally distributed. 

3. Results 

PC HF LF 

RMGIC 

Figure 3. Pictures of sectioned specimens from all groups (1–4) showing microgapsat the restoration–
tooth interface.

2.4. Statistical Analysis

Statistical analysis was performed in SPSS 23.0 (IBM Corp., Somers, NY, USA). The
number of survived cycles was analyzed descriptively for each group and with the Kaplan–
Meier method across the groups (with the Breslow test for the pairwise analyses). The
frequency of restorable and non-restorable fractures, as well as the number of survived
teeth, was calculated for each group. For the comparisons between the survived samples,
an ANOVA with Tukey’s HSD post hoc test was used. The normality of the data was tested
by both the Kolmogorov–Smirnov and the Shapiro–Wilk tests. For both tests and all groups,
the level of significance was p > 0.05, indicating that the data were normally distributed.

3. Results

Ten teeth were excluded (2–3/group) during the dynamic mechanical testing due
to initial failure (fracture of the embedding material). The rest of the restored specimens
survived the fatigue loading. Table 2 and Figure 4 show the descriptive fracture resis-
tance values (mean, standard deviation, minimum, median, and maximum values) of the
previously surviving specimens under static loading.



Polymers 2021, 13, 4170 6 of 11

Table 2. Descriptive statistics of fracture load (in Newtons).

Group N Mean SD Median Minimum Maximum

PC 18 405.44 148.784 365.50 238 844
HF 15 309.47 157.855 310.00 89 610
LF 14 384.29 116.975 388.00 187 578

RMGIC 18 473.50 198.540 418.50 202 903
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Figure 4. The mean values for the fracture loads (Newton) and standard deviation of the
restored teeth.

There was no statistically significant difference between the tested restorations (p > 0.05);
thus, the first null hypothesis was accepted. Regarding the microleakage testing (Figure 5),
NCCLs restored with highly filled flowable composite showed significantly (p < 0.05) the least
microleakage among the tested groups. Therefore, the second null hypothesis was rejected. In
the rest of the groups, the microleakage was rather similar (p > 0.05).
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4. Discussion

This study intended to analyze the fracture behavior and microleakage of different
cervical restorations used for restoring NCCLs. In our study, upper premolar teeth were
used. The reason for this is that premolars are exposed to a combination of compressive
and shear forces during mastication, which puts these teeth at an increased risk of cusp
fracture [21]. As Tangsripongkul and colleagues point out, when a nonaxial load is applied
to the upper premolars, the tensile stress concentration at the cervical area and adjacent root
surface increases [2]. Furthermore, as shown by Wood et al., NCCLs manifest primarily on
upper premolars [22]. The tested specimens were loaded at an angle of 45◦ to the long axis
of the tooth, which is generally used for the mechanical testing of premolar teeth [23]. First,
the restored specimens were pretested and fatigued with cyclic loading during accelerated
fatigue testing [20]. It is known that cycling fatigue loading simulates the clinical situation
better compared to static loading, since cyclic forces similar to normal masticatory forces
are generated during the testing. The accelerated fatigue protocol was introduced as a
middle ground between the classic load-to-fracture test and the more sophisticated, but
also time-consuming, fatigue tests [24–26]. As all specimens survived the pretesting phase,
load-to-fracture testing was also carried out in the entire sample. Dynamic loading is
intended to simulate normal forces occurring during masticatory movements, while static
loading (i.e., load-to-fracture testing) rather mimics the occurrence of traumatic forces
when biting on a foreign or hard object (e.g., seed, etc.), or when suffering trauma or during
bruxing or clenching. While dynamic loading is always more relevant, as the number of
bruxing increases with changing lifestyle in western societies, simulating traumatic forces
is becoming more and more relevant [16,27].

To our knowledge, studies that involve mechanical testing to compare different restora-
tive materials for treating NCCLs are rare. In our study, there was no statistically significant
difference between the fracture resistance of the tested groups. Therefore, the first null
hypothesis was accepted. It appears that, considering fracture resistance, NCCLs may
be treated adequately with any of the tested materials. This is contrary to the findings
of Ichim et al., who found that none of the proposed materials were ideal for restoring
NCCLs [9]. At the same time, our findings are in line with clinical data on the longevity
of direct restorations used in NCCLs [28,29]. When analyzing the failed specimen, no
association was found between the applied restoration and the location of the fracture.

It is well known that the retention of NCCL restorations relies primarily on adhesion,
given the lack of inherent macro-mechanical retention in these lesions [8,14,15]. In general,
the marginal adaptation of direct composite restorations can be influenced by the type
of the applied adhesive system and factors related to the development of stress during
polymerization [13,30,31]. Polymerization stress is affected by multiple factors, such as
elastic modulus [32], volume factor and cavity geometry [33], the restorative technique,
and the light-curing protocol [34,35]. Polymerization shrinkage-related stress develops
at the tooth–restoration interface, potentially resulting in subsequent marginal gaps, mi-
croleakage, and even micro-cracking, leading to degradation and marginal staining in
time [36]. Thus, microleakage was also examined in our study. Restorations made with a
low flowability flowable resin composite showed the lowest amount of marginal leakage.
Thus, the second null hypothesis was rejected. Furthermore, in terms of microleakage,
there was no difference between the RMGIC and packable resin composite restorations.
This is contrary to the findings of Anhesini et al., who found that, after being loaded,
NCCLs restored with packable resin composite were characterized by higher microleakage
than those restored with RMGIC [37]. However, their loading protocol differed from ours.
Our in vitro results corroborate the results of those clinical studies that failed to show a
considerable difference between the success of GIC and packable resin composite materials
when used to restore NCCLs [38,39]. Obviously, GIC/RMGIC materials allow poorer
adhesion than modern adhesives, but this does not seem to affect the longevity of cervical
restorations made with GIC/RMGIC. In fact, in their systematic review and meta-analysis,
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Boing and colleagues demonstrated that NCCL restorations made of GIC were superior to
composite restorations in terms of survival [40].

As mentioned before, the use of low flowability flowable resin composite (Essentia
LoFlo) was associated with superior microleakage values in this study. According to
many, the elastic modulus of restorative materials shows a positive correlation with the
distribution of stress in the tooth [41–43]. While an increase in filler content does lead
to decreased volumetric contraction [44], this also results in rigid materials with high
elastic modulus, which means higher tension for the same amount of shrinkage [30]. The
results may suggest that this particular type of flowable resin composite exhibits an optimal
balance of these characteristics for the given indication, but the filling protocol might have
played a role as well. The authors would like to stress that all resin composite materials
used in this study were applied according to an oblique layering protocol. It is known
that incremental filling in oblique layers, with increments of less than 2 mm, reduces
polymerization stress through reduced cavity configuration factor (C-factor) and resin
composite thickness [15].

Nevertheless, our results should be interpreted in a global picture as new alterna-
tives are rising to aid the battle against marginal degradation and secondary caries. For
example, recent research has shown the deposition of hydroxyapatite on polymeric resin
composite [45]. This could represent additional help in the prevention of secondary caries
on the margins of restorations. In the future, this feature could also be tested with the
materials reported in the present investigation.

In this study, the clinically most frequently used materials (packable resin composite,
flowable resin composite, and RMGIC) for restoring NCCLs were tested. The tested mate-
rials are good representatives of their material groups; however, as individual differences
are present in the composition between different packable or flowable composites, the
results may be altered when testing other materials with different mechanical or polymer-
ization features. Furthermore, bulk fill composites and modern, non-resin-containing glass
ionomer restorative materials (e.g., Equia Forte) can also be used for this indication. As
some bulk-fill composites show unique features in polymerization-related stress, this can
certainly influence the marginal leakage and microgap formation of their restorations, thus
holding potential if tested in such indications.

In our study, the periodontal ligaments were simulated with a thin layer of latex sepa-
rating material (Rubber-Sep). As periodontal ligaments establish a functional connection
between the alveolar bone and the cementum covering the root surface, they play a crucial
role in force transmission, enabling some minor movement of the teeth in the alveolus. In
their absence, the model would simulate a clinically rare, so-called ankylotic condition,
which is more relevant when examining implants. The usage of a latex coating on the root
surface is considered a strength of our study. Furthermore, we used both cyclic and static
loading, and also microleakage testing, which we consider a strength.

On the other hand, cyclic loading was not performed in a fluid chamber, and this
weakens the comparability of our results to those of in vivo studies where saliva is always
present during the loading cycles. This is a limitation to be addressed in our upcoming
studies. Furthermore, modern glass ionomer hybrid materials should also be tested for
this specific indication.

5. Conclusions

Based on the findings, we concluded that the investigated restorative materials (pack-
able/flowable resin composite and RMGIC) withstood accelerated dynamic loading condi-
tions when used for restoring NCCLs. Furthermore, the different restorative materials did
not differ in their fracture resistance values. In terms of microleakage, all tested materials
were deemed acceptable for NCCL restorations. As the analyzed materials are the most
frequently used materials for restoring NCCLs in clinical practice, it seems safe to state that,
when being able to apply according to the manufacturer’s instructions and best practice
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(isolation issues, etc.), all proposed materials can be suitable in this frequent and relevant
clinical condition.
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