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Flowable restorative systems are crucial for restoring Class V cavities, where it
is essential to achieve optimal marginal and internal adaptation to prevent
microleakage and secondary caries. conventional flowable composites are
versatile and commonly used, they typically exhibit higher levels of
polymerization shrinkage and marginal gaps after being subjected to loading.
Bulk-fill flowable composites offer superior internal adaptation because they
have reduced polymerization shrinkage and improved flowability, which allows
for better contact with cavity walls. These materials are especially effective in
dynamic conditions and perform well in deeper cavities. Additionally,
ORMOCER-based flowable materials demonstrate enhanced marginal
adaptation, likely due to their lower polymerization stress properties. This quality
helps achieve good adaptation at the tooth-restoration interface, reducing the
incidence of microleakage and improving long-term marginal integrity.

Thermomechanical cyclic loading, designed to simulate oral conditions, often
poses challenges to the adhesive bond and overall adaptation of these materials.
Thermomechanical cyclic loading adversely affects all restorative systems by
creating stress at the adhesive interface. This stress leads to compromised
adaptation between the restorative material and the tooth structure. The degree of
this impact differs based on the material composition, filler content, and
flowability properties. Bulk-fill flowable materials and ORMOCER-based

Nanotechnology Perceptions 20 No.7 (2024) 1222-1241


http://www.nano-ntp.com/
mailto:sah.saleh@gmail.com
mailto:mahaebaya@mans.edu.eg
mailto:ashraf@mans.edu.eg

1223 Sahar A Saleh et al. Marginal and Internal Adaptation of Different Flowable....

materials are more effective than conventional flowable composites in reducing
these negative effects, demonstrating promising results for clinical applications.
Investigate the long-term performance, material enhancements, and innovative
formulations that improve marginal and internal adaptation in clinical conditions.
Selecting the appropriate restorative material is crucial for ensuring durable and
reliable restorations in Class V cavities that face mechanical and thermal
challenges.

1. Introduction

Since the late 1990s, there has been a significant expansion in the clinical applications of resin
composite materials, driven by their enhanced durability and stability. This continuous
evolution has led to a growing adoption of these materials in dental practice.1 Today, resin
composite materials are the primary choice for direct restorations in dental practice.1 Unlike
amalgams and glass ionomers, resin composites offer unlimited working time for placing
restorations and superior esthetics. They also allow for extended manipulation, which is made
possible by photoinitiators.2

Clinical research has indicated favorable results for resin composites, which have shown
greater durability, establishing them as the benchmark in restorative dentistry.3 Notable
progress in particle filler systems has occurred during the initial phases of utilizing resin
composites. As a result, materials with improved mechanical properties and more excellent
wear resistance have been created.4 The physical attributes and handling characteristics of
resin composites are determined by the viscosity of the resin matrix and the reinforcing filler
particles.5

These materials may fail mostly because of the development of secondary caries caused by
microleakage, which may offer a loss of marginal integrity.6 The most critical issue in resin
composites is polymerization shrinkage (PS) and the resulting microleakage, especially when
the gingival margins extend below the cemnto-enamel junction (CEJ). Understanding and
implementing techniques to mitigate these effects is crucial for successful restorations.7,8

PS decreases the adhesive bond, which leads to adverse clinical effects such as post-operative
sensitivity, enamel cracks, and the creation of marginal gaps and microleakage. Failures of
resin composite restorations with marginal leakage can reach over 50%.9 The formation of
gaps might be linked to changes in volume within resin composites, which result from
shrinkage stress during polymerization at the bonded interface.10

These gaps result from insufficient compensation for initial PS stresses occurring before the
first occlusal loading or repeated stresses below the maximum stress the adhesive restoration
can resist.11,12
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2. Marginal and Internal Adaptation

Marginal adaptation refers to how closely and effectively the filling material interlocks with
the cavity wall. Both their internal and external marginal integrity can be crucial when
assessing the long-term performance of restorative materials.13 Marginal discoloration,
secondary caries, and pulp damage are all linked to micro-leakage, which occurs when acids,
enzymes, ions, bacteria, and their products penetrate the margins of the restoration.14 The
micro-gap (5 and 20 um) dimension is observed and considered a parameter for restoration
survival. It is one of the most critical factors in the long-term evaluation, as it is the most
predictive.14

Loss of internal adaptation is caused by gap formation at the edges of the enamel and dentin
and along the resin-dentin interface.11 According to a widely accepted principle in restorative
dentistry, the connection between the restorative material and the dental hard tissue must be
continuous to improve the restoration's likelihood of long-term survival.15 The way the
material acts during polymerization and its effectiveness in adhering to dental structures are
the key factors that influence how well resin composites fit against the cavity walls.16 Bonding
resin composites to enamel is a widely accepted clinical practice, whereas achieving a bond to
dentin presents greater difficulties.17

2.1-  Causes of Inappropriate Marginal Adaptation

Resin composites experience dimensional changes during the curing process as the
components undergo polymerization via a free-radical mechanism.18 These alterations happen
as the monomer molecules convert into a polymer configuration, decreasing free volume by
substituting van der Waals spaces with covalent bonds.19 The visco-elastic characteristics of
the material significantly influence the extent of contraction stresses.20

When the contraction is resistant, and the material is hard to withstand, the loss of volume PS
occurs.21 Clinically, PS strains may extend to the restoration's edges, reducing marginal
quality.22 These include fatigue from the aging process. Differences in thermal expansion
coefficients between the tooth substrate and resin composite, polishing techniques, and
improper placement of the restorative material can also cause issues.23 Occlusal loads
significantly contribute to the formation of gaps as resin composite restorations undergo
mechanical changes in the oral environment.17

2.2-  Techniques Modifications

To enhance the marginal integrity of resin composite restorations, consider techniques such as
indirect placement, applying a flowable resin liner, hybrid polymerization reactions,
preheating, and stress absorption,24

2.2.1- Incremental Placement Technique

When using polymerizing resins, it is important to take care during placement to reduce
shrinkage and maximize the amount of polymerization that can occur.25 It has been proven
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that restoration placement techniques play a significant role in reducing shrinking stress.26 A
small amount of material, a smaller cavity configuration factor, and less contact with the
opposing cavity walls during polymerization all work together to reduce shrinkage stress.25
Since less material is used in the polymerization process, incremental filling has been proven
to reduce shrinkage stress.27

Since the bond surface can only be impaired by the volume reduction of the final layer, the
effects of PS are less harmful because each subsequent increment offsets the previous
one.28Although the technique used to place the resin increments varies, dentists generally
agree that an incremental filling approach helps achieve both criteria.

2.2.2- Soft Start Curing Techniques

Numerous clinical techniques have been developed to limit shrinkage stress and prevent gap
development.5 These strategies include modulating the intensity of the curing light. To
enhance both the functional and esthetic outcomes of resin composite materials, manufacturers
strive to create light sources that achieve optimal conversion while minimizing curing stress.
A useful method for decreasing resin composite shrinkage is the application of "soft-start"
lamps, which slowly escalate the intensity of the light.5 This technique aims to enhance the
marginal fit of resin composite restorations..29 In addition, elevated polymerization
temperatures enhance the conversion of monomers, which in turn boosts the physical
properties.30

2.2.3- Preheating Technique

Preheating the resin composite before applying it in the cavity decreases its viscosity and
temporarily alters its handling characteristics to flowable resin composite while maintaining
improved mechanical properties.31 This method aimed to enhance the marginal fit of resin
composite restorations.29 In addition, elevated polymerization temperatures enhance the
conversion of monomers, leading to better physical properties.30 Moreover, preheating resin
composites could reduce shrinkage stresses, improving the fit at the margins.29

2.2.4- Sonic Activation Technique

Nevertheless, using sonic activation during application facilitates quicker placement and
better adaptation to the cavity walls, and is another way to lower the viscosity of resin
composites.32 The resin composite regains viscous consistency after the sonic activation
stops.33 It should be mentioned that not all resin composite materials and brands respond well
to sonic activation.32

2.3- Materials Modification

To attain the essential characteristics for long-term durability, resin composites need to reduce
the polymerization shrinkage (PS) rate and enhance the bond strength of dental hard
tissues.34,35 The volume and composition of the material determine the amount of PS used.36
Although significant long-term studies have been carried out to create low-shrinkage resin
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composites, the intricacies of the polymerization process necessitate ongoing evaluations of
new resin composite formulations and application methods in laboratory and clinical
environments.37

2.3.1- Resin Modifications

Some high-molecular-weight monomers are added to certain resin composite materials,
typically using bisphenol A diglycidyl methacrylate ethoxylated (Bis-EMA), triethylene
glycol dimethacrylate (TEGDMA), ethoxylated bisphenol Adimethacrylate (EBPDMA), and
Urethane dimethacrylate (UDMA) monomers.38 Furthermore, specific stress-relieving
monomers, like Addition-Fragmentation Monomer (AFM) and Aromatic Urethane
Dimethacrylate (AUDMA), can act as chemical regulators of the polymerization reaction.39
Along with 1,12-Dodecanediol Dimethacrylate (DoDDMA).40 New resin modification
enhances the adhesive and bonding capabilities of dental restorations. Its strong wetting ability
ensures a tight seal between the restoration and the tooth while improved thermal and
mechanical properties align with the tooth’s expansion, minimizing gaps from temperature
changes. Enhanced resin flow fills micro spaces, ensuring better marginal sealing and reducing
gap risks. Modern resin formulations also provide superior wear resistance and maintain
structural integrity, reducing marginal breakdown and keeping restoration margins intact.41

2.3.2- ORMOCER

A recently introduced packable material is Ormocer.42 ORMOCER stands for "organically
modified ceramic technology."42 These substances consist of inorganic-organic co-polymers
along with inorganic silanated filler particles. The ormocer matrix, before light curing, is
essentially a polymer.

It is made up of ceramic polysiloxane, which exhibits minimal shrinkage compared to the
organic di-methacrylate monomer matrix found in resin composites.43 The inorganic
molecules in ORMOCER are longer than those in Bis-GMA, so they have lower volumetric
shrinkage than conventional materials.42 ORMOCER was developed to address the
challenges associated with traditional resin composite polymerization shrinkage and offer
features such as low shrinkage, high resistance to abrasion, biocompatibility, and caries
protection.44

2.3.4- Filler Modifications

Increasing the filler load enhances the material's ability to withstand physical wear and tear;
higher filler content leads to greater viscosity.45 Most direct restorative resin composites have
a putty-like consistency, making them ideal for clinical use.46 However, this can make
achieving a perfect seal and fit within the cavity challenging. Therefore, a less viscous resin
composite resin is required for better adaptation to the cavity wall.47 As a result, a new class
of "flowable resin composite " was developed in late 1996.47
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2.3.5- Nano Technology

Lately, the advancement of nanotechnology has resulted in the creation of a new composite
resin containing nanoparticles.20 This resin reduces the possibility of the material
biodegrading over time and gives the restoration a superior finish.48 Additionally, This
method offered mechanical characteristics appropriate for application in both the anterior and
posterior regions.49 Likewise, smaller particles result in less curing shrinkage and less cusp
wall deflection.50

2.3.6- Flowable Resin Composite

Conventional resin composites with a filler loading of 37%-53% (volume), known as flowable
resin-based composites(F RBCs), have modified viscosity compared to traditional mini-filled
hybrids, which typically have a filler loading of 50%-70% (volume).47 F RBCs are among
modern dentistry's most widely used restorative materials.47 These materials are suitable for
single applications or combined with conventional resin composites in various cavity
preparations.47 Their high fluidity allows for successful application in microinvasive
preparations, and their high flexibility ensures penetration into every irregularity.45

The changing filler loading modifies the viscosity of these materials.31 The low-viscosity
materials help the plastic flow during the initial stages of polymerization, this could account
for the improved adaptation shown by these restorative materials.1 The initial flowable resin
composites were unsuitable for filling deep cavities at the back of the mouth because they had
lower mechanical properties and higher shrinkage than standard high-viscosity resin
composites.22 This was mainly due to the lower filler content.51

However, traditional F RBCs have little filler content, more shrinkage upon curing, weak wear
resistance, and poor mechanical qualities, which are clinical disadvantages. These drawbacks
depend on the type of flowable resin composite material used. Therefore, despite these
restrictions, dentists should still be able to use flowable composites in acceptable clinical
procedures.52 A new category of F RBCs were introduced based on their distinct applications,
including self-adhering, bulk-fill, ormocer-based, conventional, and fiber-reinforced flowable
types. 31

2.3.7- Bulk-fill Resin Composites

In contrast to the traditional incremental restoration method, a new kind of resin composite
has been developed that simplifies and accelerates the bulk-filling of deep and extensive dental
cavities.53 Bulk-fill resin composites (BF-RBC) are a new generation with a unique monomer
concentration and improved curing properties.36 They have been introduced to reduce
microleakage and minimize working time.54 Clinicians have succeeded with BF-RBCs
because it is easy to apply, particularly in posterior restorations.55

In its experimental version BF-RBCs exhibited the lowest values for shrinkage stress and
shrinkage rate when compared to both regular flowable and non-flowable nanohybrid and
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micro-hybrid resin composites, as well as a siloxane micro-hybrid resin composite.56 They can
fill the cavity in a single phase because BF-RBCs can cure with minimal shrinkage at
maximum increment thicknesses of 4 mm.31

Decreasing the amount of filler while expanding its size in RBC decreases the scattering at the
interface between the resin and the filler, thus enhancing the quantity of light absorbed that
can trigger the photo-initiator.31 This explains why they are created to achieve a greater depth
of cure by increasing translucency or by adjusting the photo-polymerization process, which is
enhanced not only by camphorquinone and tertiary amines but also by unique modulators,
specifically a dibenzoyl germanium derivative.57 Unlike conventional light-cured RBCs, the
photo-initiator system in BF-RBCs was still based on camphor quinone (CQ) and included
Ivocerin as an extra initiator.58

Because of its enhanced ability to absorb visible light, this germanium-based initiator system
was found to have a higher photo-curing activity than CQ. Its absorption spectra are quite
similar to CQ's.59 In several bulk-fill resin composites, the shade and layer thickness, the
filler's and matrix's chemical makeup, and the variations in their refractive indices raised the
filler's dimension.60

The bulk-fill technique made the process easier, ensuring acceptable physical qualities and
satisfactory cavity adaption. Thus, the chair time required to complete the restoration is
decreased.61 Despite the strong clinical and scientific proof of BF-RBCs' beneficial
characteristics, further research into their mechanical and clinical efficacy is necessary,
especially concerning PS and the internal adaptation of the restoration.62

BF-RBC materials have demonstrated improved physical properties to address this issue
during placement. An ideal BF-RBC would be one that can be inserted into preparation with
a high C-factor design and still demonstrate minimal PS while maintaining a high depth of
cure (DC).1 In addition, reducing filler size and altering monomers leads to decreased
shrinkage.53 Considering the materials' chemical composition and the images from the
scanning electron microscope, manufacturers have adopted various approaches to enhance the
depth of the cure. Several manufacturers decreased the quantity of filler used while increasing
the size of the filler particles.58 As a result, the interface between the fillers and the organic
matrix is minimized, which decrease light scattering.58

BF-RBCs are usually divided into high-viscosity (sculptable, full-body) and low-viscosity
(flowable, base) materials. High-viscosity BF materials are more resistant to slumping and
contain more inorganic fillers. 63

2.3.8- Bulk-fill Flowable Composite

Recent developments have resulted in bulk-fill flowable resin-based composites (BFF-RBCs)
that feature enhanced filler content and mechanical characteristics, they made them
appropriate for larger restorations in the posterior region.64 Initially, flowable composites
were proposed to serve as filling materials or to substitute dentin since they can more
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effectively adapt to the contours of cavities, particularly on irregular surfaces.65 The latest
BFF-RBCs effectively utilize 4-mm layers while enhancing their surface hardness in a single
process, eliminating the need for a layer of high-viscosity resin composite.65

Furthermore, it was demonstrated that BFF-RBCs notably decreased cuspal deflection in
cavities compared to traditional resin composite restored using an oblique incremental filling
method.66 It aims to tooth-colored restorations that are more effective, less time-consuming,
and less technique-sensitive than traditional flowables.36,67 Flowable resin composite
material in cavity preparations can minimize the risk of marginal failure caused by
microleakage.64

The characteristics of low-viscosity and high-viscosity materials are particular to each
material, making it challenging to apply them broadly in clinical settings.64 Additionally, new
BFF-RBCs are typically nano-filled, which improves optical translucency and provides a
smooth surface texture.68 BFF-RBCs have shown superior internal adaptation to conventional
composites in cavities with high C-factors.69 This improved performance is attributed to the
low viscosity of BFF-RBCs, which enables better plastic flow during the early polymerization
stages.22

This is due to their pseudoplastic and thixotropic behavior (decrease in viscosity over time for
a given shear rate), which helps them flow easily and adapt well to the cavity floor.70 This
may be the reason for the improved adaptation these restorative materials show.31
Manufacturers claimed that the PS of those materials is even lower than that of commonly
used flowable and conventional RBCs. Thus, problems related to PS stresses could be
minimized.71

2.3.9- Core Build-up Flowable Resin Composite

These materials can be applied to badly broken vital or non-vital teeth and to restore and fortify
weak spots.72 The practitioner can create a form to improve the underlying prosthesis'
resistance and retention by doing this. Core build-up resin composite has low, medium, and
high viscosities.72 Severely fractured teeth requiring endodontic treatment, flowable or
injectable core build-up materials.73 These supplies ensure a sufficient seal and flow into any
preparation irregularities while reducing off-chairside time.73

2.3.10- Self-Adhering Bulk-fil Flowable Resin Composite

Developing a self-adhering BFF-RBC, which contains functional monomers that promote
attachment to tooth structures without etching, washing, or drying, has made a breakthrough
in the field.74 Self-adhesive resin composite decreases the space between the restoration and
the tooth by thinning the adhesive hybrid layer, preventing microleakage development. Recent
studies on self-adhering BFF-RBC highlight their utility and performance in Class V cavity
restorations.75,76 These materials simplify application by integrating adhesive properties.
This consequently simplifies the restoration procedure in difficult regions such as the gingival
third of the tooth.75
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2.3.11- ORMOCER-based Bulk-fill Flowable Resin Composite

ORMOCER technology is a light-cured restorative substance with excellent flow
characteristics and significant material elasticity, making it an effective stress-absorbing
agent.77 ORMOCER-based BFF-RBC possess a higher elastic modulus, providing better
deformation resistance under masticatory forces. This property is particularly beneficial in
BFF RBC, as it allows for better adaptation to the cavity walls without requiring multiple
increments. Improved elastic properties help the material withstand stress during setting,
promoting a more durable marginal seal.43

2.3.12- Fiber-reinforced Bulk Fill Flowable Resin Composite

The need for strengthened resin composite materials has resulted in an ongoing research effort
concerning reinforcement approaches. Many earlier methods focused on incorporating fibers
(continuous or discontinuous fibers in different orientations), whiskers (single or multi-layer),
or ceramic particles (random orientation).78 Fiber-reinforced BFF-RBC has improved
performance for Class V cavities, where effective adaptation and stress resistance are vital.
Integrating fibers into the composite matrix offers better structural support, less PS, and
improved fit. The fibers also help distribute stress evenly, reducing the risk of marginal gaps
or microleakage, which is especially important for Class V cavities under flexural stress near
the gingival margin.79

The microstructural features, such as fiber diameter, length, orientation, loading, and the bond
between the fibers and the polymer matrix, greatly affect numerous properties of fiber-
reinforced composites.80 Due to the release of more recent materials.80 Regarding mechanical
performance, fiber-reinforced and bulk-fill materials demonstrated greater rigidity (elevated
modulus of elasticity) and increased plasticity (higher values of plastic deformation and creep)
compared to standard flowable resin composites.56

3. Class V Cavity preparation

RBCs are frequently utilized to restore Class V cavities. However, restoring Class V cavities
is difficult due to various unique factors that complicate long-term success esthetically and
functionally.43 Primarily because of their location near the gingival margin and the high
dentin-to-enamel ratio. Unlike other cavities, the gingival third of the tooth is exposed to
flexural stress, particularly in regions with high occlusal forces. This stress may cause micro-
cracks, marginal gaps, and restoration debonding.43 If the seal is inadequate, plaque can
accumulate on the gingival margin, increasing the likelihood of recurrent decay. Compared to
traditional nanohybrid resin composites, BFF-RBCs applied in Class V restorations, have
enhanced the marginal seal at dentin margins.81 Overall, these challenges necessitate that
clinicians employ particular materials to effectively manage issues related to moisture control,
flexural forces, and adhesion to dentin for a successful Class V restoration.82
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4, How to Evaluate Marginal Integrity

The interface quality between a tooth and filling can be evaluated using direct or indirect
techniques. Destructive techniques involve using a tracer or dye and compromising the
sample's integrity by slicing it into sections to examine the degree of staining along the tooth—
filling interface through scanning electron microscopy (SEM) or optical
microscopy.900utstanding non-destructive technigques include the replica approach used
alongside scanning electron microscopy (SEM) for assessing external marginal adaptation or
employing X-ray micro-computed tomography (UCT) for analysis.91 This three-dimensional
(3D) technique facilitates the identification of all internal gaps and irregularities and their
evolution over time. Additionally, it provides a means to examine the internal composition of
restorative materials or tooth structures with high precision and spatial resolution.90

4.1- In Vivo Assessment

This system examines restorations using direct or indirect methods.92 One method is to
examine the margin using a mirror and probe directly on the patient's mouth regarding occlusal
shape, cavosurface marginal discoloration, and marginal adaption.92 The smallest ledge that
could be clinically detected was 0.1 mm, indicating the limitations of human abilities to detect
marginal ledges using a probe.93An intraoral camera with Polarization mode calibrated
images helps assess the marginal adaptation.92

The camera serves as a practical and reliable diagnostic tool.92 The edges and uneven
restorations create perfect situations for food and plaque build-up, making it challenging to
maintain proper oral hygiene.94 However, the accuracy of these examinations heavily
depends on clinicians’ experiences. For example, differences less than 80 pm on X-ray are
challenging to observe.95

Additionally, if only tactile and visual inspection had been conducted, gaps of less than 0.1
mm at the restoration's edges could have developed.67 The other method indirectly evaluates
the margin's quality through scan electron microscope (SEM) analysis of replicas. 93 SEM
study of marginal adaptation using replicas is a reliable assessment technique.93 "Scavenging"
impressions were used. Polyvinylsiloxane imprint materials are highly recommended due to
their excellent dimensional stability. Epoxy replicas are formed using different resins and have
other application in SEM.93 Researchers appear to be particularly interested in Stycast
Resin.96 Despite this, selecting a resin appears to depend on individual preferences.97

This approach has several disadvantages, such as a prolonged sample preparation procedure,
the potential for cavities or an excess of epoxy resin in the samples, and the formation of
uneven edges caused by a chemical reaction between water and the impression material .98
Furthermore, air is frequently enclosed within the epoxy replicas as bubbles, which can disrupt
measurements of the overall marginal gap length by concealing an existing gap.99
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4.2- In Vitro Assessment

The procedure can be conducted on extracted teeth, either by direct examination or indirectly
using a replication technique, such as developing study models, capturing images, or
producing replicas for analysis under an electron microscope.93

4.3- Evaluation Device for Marginal Integrity
4.3.1- Micro Computed Tomography Imaging

Micro-computed tomography (LCT) is a high-resolution imaging technique developed by Lee
Feldkamp in the early 1980s to examine defects in ceramics. Initially, these scanners were not
widely available, but compact commercial systems quickly became essential in research labs,
offering a viable alternative to histological sectioning.90 Micro-CT is a non-destructive
imaging technique that can identify the most profound levels of adhesion failure and gap
formation. These benefits lead to a more precise assessment of the bonding between restorative
materials and tooth structures.90

Micro-CT has several advantages over other methods but also some limitations. Its narrow,
high-flux monochromatic X-rays enable detailed exploration, it is non-destructive, allowing
for multiple assessments of the same sample without damage. Additionally, it supports
multiple scans and specialized image processing software. Sample preparation is
straightforward, unlike destructive methods, contributing to more accurate measurements.90
However, micro-CT involves longer scanning and reconstruction times, high costs, and
requires computer expertise.100 The large image files (around 3 GB) can complicate data
storage and retrieval .91

4.3.2- Profilometry

Profilometry has been documented in research conducted both in vivo and in vitro.101 These
involve moving a stylus across the surface of a restoration. Stylus profilometry can result in
slight damage to materials because of the contact between the stylus and the surface.
Additionally, optical profilometry techniques may struggle to accurately measure surfaces
made up of different materials, which could cause inconsistencies in measurements across
various areas of the surface.102

4.3.4- Optical Microscopy

Optical microscopes have existed for centuries, but the introduction of digital optical
microscopes has enormously boosted the quality of imaging, especially the depth of field.103
Digital optical microscopy (DOM) can be considered a promising, reliable, and repeatable
method for performing marginal analysis of adhesive dental restorations using the replica
technique.103 This time and cost-effective method can be beneficial in assessing newer
generations of adhesive systems and techniques.103 Even though new users of the DOM
analysis technique were able to obtain valid results after one day of training, additional
experience may be needed to increase the concordance between operators.103
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4.3.5- Scanning Electron Microscopy

The scanning electron microscopy (SEM) marginal analysis method is widely used at present
because it enables accurate measurement and calculation of closed margin percentages,
indicating perfect adaptation of the adhesive restoration at various time points.103 SEM
provides a great depth of focus and allows observation under a wide range of magnifications.
It is typically applied to evaluate dental structures and the possible penetration of bacteria
along the margins with restorative materials. 99 Also, specimens must be dried before SEM
evaluation.104 Since its inception and introduction in dental research, electron microscopy
had many applications in dental biomaterials and hard or soft tissues. It aids in evaluating
micro-cracks and deformities in biomaterials and hard tissues.

SEM assessed the marginal integrity of bonded resin composite restorations in posterior teeth,
enamel, and dentin.105 SEM analysis also benefits from a wide range of magnifications,
spanning from 10x to 100,000x magnification. SEM analysis of original tooth samples
provides insight into all structures forming an adhesive bond. It aids in assessing the quality
of the marginal adaptation of resin composite restorations.99 Due to its visible resin tags and
hybrid layer, this might be a convenient tool for better understanding the quality of the
marginal seal achieved.99

5. Aging and Thermomechanical Simulation

Thermal changes in the oral cavity, influenced by food, drink, and respiration, significantly
affect dental materials. Such changes can cause differential expansion and contraction between
these materials and natural teeth, leading to gaps or stress at the interface, which may reduce
the durability of restorations. Thermocycling, used to simulate temperature variations,
highlights how regular eating and drinking can impact the stability of dental materials over
time.107 Thermal stress can be harmful in two ways. First, crack propagation through bonded
interfaces.108 Second, as gap volumes vary in response to shifting gap dimensions, pathogenic
oral fluids are pumped into and out of the gaps.106 In materials with poor thermal diffusion
coefficients, the temperature gradients created at the surface take a long time to dissipate. A
surface microcrack grows over time if the environment and stress work together, where it
allows the formation of ‘gaps’ in the interface tooth/restoration.96

Furthermore, mechanical loading simulations provide a critical understanding of how dental
restorations respond to complex forces in the oral cavity. By simulating stress distribution,
fatigue, wear, and crack propagation, these models allow dental professionals to design
restorations that are more durable, comfortable, and resilient. This approach helps in choosing
the right materials, optimizing restoration design, and personalizing treatment plans for
improved long-term success in dental restoration.109

Alsagob et al.83 Compared the marginal adaptability of nanohybrid RBCs in two different
clinical protocols with two BFF-RBCs following exposure to TMC. They concluded that the
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marginal sealing of the BFF-RBCs is similar to that of traditional composites, but it is more
reliable to use the traditional one. The study also showed that marginal leakage on the gingival
surface was statistically higher than on the occlusal surface.

Peutzfeldt et al.84 Conducted a study on the development of marginal gaps along the proximal
margins of Class Il BFF-RBC restorations and compared it with the marginal gap formation
of conventional packable resin composite restorations after artificial aging. Their research
showed that the traditional resin composite had less gap formation in comparison to the two
BFF-RBCs, both prior to and following artificial aging in enamel. In contrast, within dentin,
one of the BF resin composites (SDR) exhibited less gap formation than the other two.

Oglakci et al.23 Used x-ray micro-computed tomography (micro-CT) to evaluate the volume
of gap formation in premolars that were restored with various BF composites, both with and
without a resin-modified glass-ionomer cement (RMGIC) liner. Their findings indicated that
low-viscosity BF composites demonstrated superior adaptation to cavity walls and less gap
formation compared to the other BF composites tested. Additionally, the application of an
RMGIC liner resulted in a significant reduction in the volume of gap formation.

Nakano et al.76 The comparison of two self-adhesive materials, two BFF-RBCs, and two
flowable composite controls revealed that the BFF-RBCs had similar or lower interfacial gaps
and polymerization stress than the controls. In contrast, the self-adhesive composites exhibited
a significantly higher gap percentage and polymerization stress compared to both the control
and BFF-RBC materials.

Arbildo-Vega et al.85 A comparison of sculptable bulk-fill (BF) composites, flowable and
sculptable two-step restorations, and conventional incremental composites showed that BF
composites perform similarly to traditional composites. This holds for all restoration types
(Class I, Il, or non-carious cervical lesions), tooth types (primary or permanent), and
restoration techniques (incremental, bulk, or two-step bulk).

De Albuquerque Jassé et al.86 A study assessed the marginal adaptation of Class 1| MOD
restorations before and after thermomechanical loading of BFF-RBCs and conventional resin
composite. Results showed significant improvement in marginal adaptation with BFF-RBC
compared to traditional resin, both pre and post-loading. The findings indicate that BFF-RBCs
perform similarly to or better than conventional resin in cervical marginal adaptation, but long-
term clinical success requires further trials.

El Naga et al.24 A study compared the external marginal integrity of dentin-bonded materials
and the indentation hardness of BF with conventional resin-based composites (RBCs) applied
in bulk and incremental techniques. Marginal gaps were assessed at each tooth's mesial and
distal gingival cavo surfaces. The results showed that BF restorations had similar marginal gap
formation and microhardness to traditional universal RBCs. Thus, BF-RBCs could be a viable
alternative to conventional RBCs due to their marginal adaptation and internal hardness.
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Akarsu and Atasoy.87 Conducted a study comparing microleakage in Class V restorations
using different resin composites (nanohybrid composites, BF composites, and BFF-RBCs) and
various application techniques. Their findings showed that microleakage in the cervical margin
of Class V restorations was greater than in the occlusal margin across all groups. They also
observed no difference between different materials regarding the enamel margin, and
incrementally placed materials exhibited less microleakage than other groups in terms of the
dentin margin. Additionally, BFF-RBC material demonstrated less microleakage than the
other two sculptable BF materials.

Abdelwahed et al .15 Examined the marginal adaptation and DC of BFF-RBCs and two
packable BF resin composites and concluded that flowable and packable BF resin composites
displayed similar marginal adaptation results.

Aravindhan and Sharma.88 Assessed the marginal sealing ability of two BFF-RBCs on enamel
and dentin substrates in Class V cavities before and after TMC. Their results indicated that:
there was no statistically significant difference between the two groups. BFF-RBCs provided
a significantly better marginal seal in dentin, both before and after artificial aging. Both BFF-
RBCs exhibited similar microleakage values at the enamel margins.

Balkaya et al.63 Conducted a micro-CT imaging study to assess the marginal gap (MG) of
two FB-RBCs and one conventional flowable resin composite in standard Class 1| MOD
cavities. Their results showed that both FB-RBC resins exhibited better marginal adaptation
than the conventional flowable resin composite used in the research. The conventional
flowable material demonstrated the highest MG values, while both FB-RBCs displayed similar
MG values.

Baltacioglu et al.89 The study evaluated the marginal adaptation of BF resin composites of
different viscosities (paste-like and flowable) in Class Il restorations with cavity floors 1 mm
below the CEJ, using micro-CT imaging after TMC aging. It found that while viscosity did
not significantly affect marginal adaptation, the brand of BF resin composite did. BF resin
composites may serve as alternatives to traditional composites in this regard.

The International Organization for Standardization (1SO) proposed eight distinct wear
simulator machines, one for each of the two or three body abrasions.110 Considering the
importance of the marginal and internal adaptation of various flowable restorations and a
shortage of research on these aspects in novel restorations, this study aims to evaluate the
efficacy of this restoration in terms of marginal and internal adaptation compared to other
restorative materials.111

References

1. Park KJ., Pfeffer M., Né&ke T., Schneider H., Ziebolz D., Haak R. Evaluation of low-viscosity
bulk-fill composites regarding marginal and internal adaptation. Odontology 2021;109:139-48.

2. Haugen HJ., Marovic D., Par M., Thieu MK Le., Reseland JE., Johnsen GF. Bulk fill composites
have similar performance to conventional dental composites. Int J Mol Sci 2020;21:1-20.

Nanotechnology Perceptions Vol. 20 No.7 (2024)



Marginal and Internal Adaptation of Different Flowable..... Sahar A Saleh et al. 1236

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Lynch CD., Opdam NJ., Hickel R., Brunton PA., Gurgan S., Kakaboura A., et al. Guidance on
posterior resin composites: academy of operative dentistry - european section. J Dent
2014,42:377-83.

Alshabib A., Silikas N., Algamaiah H., Alayad AS., Alawaji R., Almogbel S., et al. Effect of
Fibres on Physico-Mechanical Properties of Bulk-Fill Resin Composites. Polymers (Basel)
2023;15:1-13.

Elfakhri F., Alkahtani R., Li C., Khalig J. Influence of filler characteristics on the performance
of dental composites: a comprehensive review. Ceram Int 2022;48:1-15.

Opdam NJM., Van De Sande FH., Bronkhorst E., Cenci MS., Bottenberg P., Pallesen U., et al.
Longevity of posterior composite restorations: a systematic review and meta-analysis. J Dent
Res 2018;93:943-9.

Tosco V., Vitiello F., Furlani M., Gatto ML., Monterubbianesi R., Giuliani A., et al.
Microleakage Analysis of Different Bulk-Filling Techniques for Class Il Restorations: p-CT,
SEM and EDS Evaluations. Materials (Basel) 2021;14:1-13.

Tantbirojn D., Pfeifer CS., Braga RR., Versluis A. Do low-shrink composites reduce
polymerization shrinkage effects? J Dent Res 2011;90:596—601.

Rengo C., Goracci C., Ametrano G., Chieffi N., Spagnuolo G., Rengo S., et al. Marginal leakage
of class V composite restorations assessed using microcomputed tomography and scanning
electron microscope. Oper Dent 2015;40:440-8.

Gayatri C., Rambabu T., Sajjan G., Battina P., Priyadarshini MS., Sowjanya BL. Evaluation of
marginal adaptation of a self-adhering flowable composite resin liner: a scanning electron
microscopic study. Contemp Clin Dent 2018;9:240-5.

Roggendorf MJ., Kramer N., Appelt A., Naumann M., Frankenberger R. Marginal quality of
flowable 4-mm base vs. conventionally layered resin composite. J Dent 2011;39:643-7.

Van Meerbeek B., Yoshihara K., Yoshida Y., Mine A., De Munck J., Van Landuyt KL. State of
the art of self-etch adhesives. Dent Mater 2011;27:17-28.

Ismail HS., Ali Al., Mehesen R El., Garcia-Godoy F., Mahmoud SH. In vitro marginal and
internal adaptation of four different base materials used to elevate proximal dentin gingival
margins. J Clin Exp Dent 2022;14:550-9.

Roberto LG., Puleio F., Carmine V., Marco M., Angela A., Angelo L. Bulk vs wedge shape
layering techniques in v class cavities: marginal infiltration evaluation. G Ital Endod
2017;31:73-7.

Abdelwahed AG., Essam S., Abdelaziz MM. Marginal adaptation and depth of cure of flowable
versus packable bulk-fill restorative materials: an in vitro Study. Open Access Maced J Med Sci
2022;10:47-56.

Mahmoud SH., Al-Wakeel Eel S. Marginal adaptation of ormocer-, silorane-, and methacrylate-
based composite restorative systems bonded to dentin cavities after water storage. Quintessence
Int 2011;42:131-9.

Goldstein RE., Lamba S., Lawson NC., Beck P., Oster RA., Burgess JO. Microleakage around
class v composite restorations after ultrasonic scaling and sonic toothbrushing around their
margin. J Esthet Restor Dent 2017;29:41-8.

Schneider LFJ., Cavalcante LM., Silikas N. Shrinkage stresses generated during resin-composite
applications: a review. J Dent Biomech 2010;2010:1-14.

Sunbul H Al Silikas N., Watts DC. Surface and bulk properties of dental resin- composites after
solvent storage. Dent Mater 2016;32:987-97.

Cagirir Dindaroglu F., Yilmaz E. Two-year evaluation of a nano-hybrid and a bulk-fill resin
composite: a randomized, double-blind split-mouth clinical study. Clin Oral Investig 2024;28:1—
12.

Benetti AR., Havndrup-Pedersen C., Pedersen MK., Honoré D., Pallesen U. Bulk-fill resin
composites: polymerization contraction, depth of cure, and gap formation. Oper Dent

Nanotechnology Perceptions Vol. 20 No.7 (2024)



1237 Sahar A Saleh et al. Marginal and Internal Adaptation of Different Flowable....

22.

23.

24,

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

2015;40:190-200.

Agarwal RS., Hiremath H., Agarwal J., Garg A. Evaluation of cervical marginal and internal
adaptation using newer bulk fill composites: an in vitro study. J Conserv Dent 2015;18:56-61.
Oglakci B., Kazak M., Donmez N., Dalkilic EE., Koymen SS. The use of a liner under different
bulk-fill resin composites: 3d gap formation analysis by x-ray microcomputed tomography. J
Appl Oral Sci 2019;28:1-12.

El Naga MA., Qian F., Denehy GE., Quock RL., Armstrong SR. Marginal adaptation and internal
indentation resistance of a Class Il bulk-fill resin-based composite. Am J Dent 2020;33:145-50.
Minchow EA., Meereis CTW., de Oliveira da Rosa WL., da Silva AF., Piva E. Polymerization
shrinkage stress of resin-based dental materials: A systematic review and meta-analyses of
technique protocol and photo-activation strategies. J Mech Behav Biomed Mater 2018;82:77—
86.

Kaur J., Kapoor D., Garg D., Sunil MK., Sawhney A., Malaviya N., et al. Evaluation of
microleakage of dental composites using bonding agents with different placement techniques:
an invitro study. J Clin Diagn Res 2015;9:61-4.

Chandrasekhar V., Rudrapati L., Badami V., Tummala M. Incremental techniques in direct
composite restoration. J Conserv Dent 2017;20:386-91.

Khan AS. Effect of ultrasonic vibration on structural and physical properties of resin-based
dental composites. Polymers (Basel) 2021;13:1-19.

Bhopatkar J., Ikhar A., Chandak M., Mankar N., Sedani S. Composite pre-heating: a novel
approach in restorative dentistry. Cureus 2022;14:1-8.

Kincses D., Béddi K., Ori Z., Lovasz BV., Jeges S., Szalma J., et al. Pre-heating effect on
monomer elution and degree of conversion of contemporary and thermoviscous bulk-fill resin-
based dental composites. Polymers (Basel) 2021;13:1-20.

Gatica EP., Ojeda GD., Wendler M. Contemporary flowable bulk-fill resin-based composites: a
systematic review. Biomater Investig Dent 2023;10:8-19.

El Sayed Morsy K., Salama MM., Genaid TM. Clinical evaluation of thermo-viscous and sonic
fill-activated bulk fill composite restorations. Am J Dent 2023;36:81-5.

Peskersoy C., Recen D., Kemaloglu H. The effect of composite placement technique on the
internal adaptation, gap formation and microshear bond strength. Eur Oral Res 2022;56:1-10.
Hepdeniz O., Ermis R. Comparative evaluation of marginal adaptation and microleakage of low-
shrinking composites after thermocycling and mechanical loading. Niger J Clin Pract
2019;22:633-41.

Monteiro GQM., Montes MAJR., Gomes ASL., Mota CCBO., Campello SL., Freitas AZ.
Marginal analysis of resin composite restorative systems using optical coherence tomography.
Dent Mater 2011;27:1-10.

Silva G., Marto CM., Amaro |., Coelho A., Sousa J., Ferreira MM., et al. Bulk-fill resins versus
conventional resins: an umbrella review. Polymers (Basel) 2023;15:1-17.

Jang JH., Park SH., Hwang IN. Polymerization shrinkage and depth of cure of bulk-fill resin
composites and highly filled flowable resin. Oper Dent 2015;40:172-80.

Fronza BM., Ayres APA., Pacheco RR., Rueggeberg FA., Dias CTS., Giannini M.
Characterization of inorganic filler Content, mechanical properties, and light transmission of
bulk-fill resin composites. Oper Dent 2017;42:445-55.

Ibrahim MS., AlKhalefah AS., Alsaghirat AA., Alburayh RA., Alabdullah NA. Comparison
between different bulk-fill and incremental composite materials used for class Il restorations in
primary and permanent teeth: in vitro assessments. Mater (Basel, Switzerland) 2023;16:1-13.
Rizzante FAP., Duque JA., Duarte MAH., Mondelli RFL., Mendonca G., Ishikiriama SK.
Polymerization shrinkage, microhardness and depth of cure of bulk fill resin composites. Dent
Mater J 2019;38:403-10.

Pizzolotto L., Moraes RR. Resin composites in posterior teeth: clinical performance and direct

Nanotechnology Perceptions Vol. 20 No.7 (2024)



Marginal and Internal Adaptation of Different Flowable..... Sahar A Saleh et al. 1238

42.

43.

44,

45.

46.

47.

48.

49.

50.

oL

52.

53.

54.

55.

56.

S7.

58.

59.

60.

61.

restorative techniques. Dent J 2022;10:20-2.

Kalra S., Singh A., Gupta M., Chadha V. Ormocer: an aesthetic direct restorative material; an in
vitro study comparing the marginal sealing ability of organically modified ceramics and a hybrid
composite using an ormocer-based bonding agent and a conventional fifth-generation bonding
agent. Contemp Clin Dent 2012;3:48-53.

Senol AA., Karabulut Genger B., Tar¢in B., Kahramanoglu E., Yilmaz Atali P. Microleakage
and marginal integrity of ormocer/methacrylate-based bulk-fill resin restorations in MOD
cavities: SEM and stereomicroscopic evaluation. Polym 2023, Vol 15, Page 1716 2023;15:1-12.
Monsarrat P., Garnier S., Vergnes JN., Nasr K., Grosgogeat B., Joniot S. Survival of directly
placed ormocer-based restorative materials: a systematic review and meta-analysis of clinical
trials. Dent Mater 2017;33:12-22.

Borisova-Papancheva T., Svetlozarova S., Radomirova V. Flowable composites—advantages
and limitations. A systematic review. Scr Sci Med Dent 2022;8:32—-40.

Baroudi K., Mahmoud S. Improving composite resin performance through decreasing its
viscosity by different methods. Open Dent J 2015;9:235-42.

Baroudi K., Rodrigues JC. Flowable resin composites: a systematic review and clinical
considerations. J Clin Diagn Res 2015;9:18-24.

Vasiliu S., Racovita S., Gugoasa IA., Lungan MA., Popa M., Desbrieres J. The benefits of smart
nanoparticles in dental applications. Int J Mol Sci 2021;22:1-24.

Azmy E., Al-Kholy MRZ., Fattouh M., Kenawi LMM., Helal MA. Impact of Nanoparticles
Additions on the Strength of Dental Composite Resin. Int J Biomater 2022;2022:1-9.
Rodriguez HA., Kriven WM., Casanova H. Development of mechanical properties in dental resin
composite: effect of filler size and filler aggregation state. Mater Sci Eng C Mater Biol Appl
2019;101:274-82.

Zhang N., Xie C. Polymerization shrinkage, shrinkage stress, and mechanical evaluation of novel
prototype dental composite resin. Dent Mater J 2020;39:1064-71.

Senawongse P., Pongprueksa P., Tagami J. The effect of the elastic modulus of low-viscosity
resins on the microleakage of class V resin composite restorations under occlusal loading. Dent
Mater J 2010;29:324-9.

Rodrigues JA., Tenorio IP., de Mello GBR., Reis AF., Shen C., Roulet JF. Comparing depth-
dependent curing radiant exposure and time of curing of regular and flow bulk-fill composites.
Braz Oral Res 2017;31:1-9.

Turkistani A., Nasir A., Merdad Y., Jamleh A., Alshouibi E., Sadr A., et al. Evaluation of
microleakage in class-11 bulk-fill composite restorations. J Dent Sci 2020;15:486.

Leprince JG., Palin WM., Hadis MA., Devaux J., Leloup G. Progress in dimethacrylate-based
dental composite technology and curing efficiency. Dent Mater 2013;29:139-56.

llie N., Hickel R. Investigations on a methacrylate-based flowable composite based on the
SDRTM technology. Dent Mater 2011;27:348-55.

Francesco P., Gabriele C., Fiorillo L., Giuseppe M., Antonella S., Giancarlo B., et al. The use of
bulk fill resin-based composite in the sealing of cavity with margins in radicular cementum. Eur
J Dent 2022;16:1-13.

Bucuta S., Ilie N. Light transmittance and micro-mechanical properties of bulk fill vs.
conventional resin based composites. Clin Oral Investig 2014;18:1-9.

Kowalska A., Sokolowski J., Bociong K. The Photoinitiators Used in Resin Based Dental
Composite-A Review and Future Perspectives. Polymers (Basel) 2021;13:1-17.

Ciocan LT., Biru El., Vasilescu VG., Ghitman J., Stefan AR., lovu H., et al. Influence of Air-
Barrier and Curing Light Distance on Conversion and Micro-Hardness of Dental Polymeric
Materials. Polymers (Basel) 2022;14:1-13.

Monterubbianesi R., Tosco V., Sabbatini S., Orilisi G., Conti C., Ozcan M., et al. How can
different polishing timing influence methacrylate and dimethacrylate bulk fill composites?

Nanotechnology Perceptions Vol. 20 No.7 (2024)



1239 Sahar A Saleh et al. Marginal and Internal Adaptation of Different Flowable....

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

evaluation of chemical and physical properties. Biomed Res Int 2020;4:1-8.

Hayashi J., Espigares J., Takagaki T., Shimada Y., Tagami J., Numata T., et al. Real-time in-
depth imaging of gap formation in bulk-fill resin composites. Dent Mater 2019;35:585-96.
Balkaya., Demirbuga S., Ucar EN., Avci B. Micro-computed tomography assesment of structural
microporosity and marginal gaps in different flowable composites placed with different
instruments. Cumhur Dent J 2022;25:323-9.

Gjorgievska E., Oh DS., Haam D., Gabric D., Coleman NJ. Evaluation of Efficiency of
Polymerization, Surface Roughness, Porosity and Adaptation of Flowable and Sculptable Bulk
Fill Composite Resins. Molecules 2021;26:1-11.

Kim JH., Cho J., Lee Y., Cho BH. The survival of class VV composite restorations and analysis
of marginal discoloration. Oper Dent 2017;42:93-101.

Moorthy A., Hogg CH., Dowling AH., Grufferty BF., Benetti AR., Fleming GJP. Cuspal
deflection and microleakage in premolar teeth restored with bulk-fill flowable resin-based
composite base materials. J Dent 2012;40:1-5.

Gupta R., Patel A., Nikhade P., Chandak M., Rajnekar R., Dugar M. Comparative evaluation of
postoperative sensitivity using three different tooth-colored restorative materials in non-carious
cervical lesions: a split-mouth design in vivo study. Cureus 2022;14:1-8.

Arslan S., Demirbuga S., Ustun Y., Dincer A., Canakci B., Zorba Y. The effect of a new-
generation flowable composite resin on microleakage in Class V composite restorations as an
intermediate layer. J Conserv Dent 2013;16:189-93.

Van Ende A., De Munck J., Van Landuyt KL., Poitevin A., Peumans M., Van Meerbeek B. Bulk-
filling of high C-factor posterior cavities: effect on adhesion to cavity-bottom dentin. Dent Mater
2013;29:269-77.

Vouvoudi EC. Overviews on the progress of flowable dental polymeric composites: their
composition, polymerization process, flowability and radiopacity aspects. Polymers (Basel)
2022:14:1-15.

Czasch P., Ilie N. In vitro comparison of mechanical properties and degree of cure of bulk fill
composites. Clin Oral Investig 2013;17:227-35.

Panitiwat P., Salimee P. Effect of different composite core materials on fracture resistance of
endodontically treated teeth restored with frc posts. J Appl Oral Sci 2017;25:203-10.

Valizadeh S., Ranjbar Omrani L., Deliperi S., Sadeghi Mahounak F. Restoration of a nonvital
tooth with fiber reinforce composite (wallpapering technique). Case Rep Dent 2020;2020:1-6.
Juloski J., Goracci C., Rengo C., Giovannetti A., Vichi A., Vulicevic ZR., et al. Enamel and
dentin bond strength of new simplified adhesive materials with and without preliminary
phosphoric acid-etching. Am J Dent 2012;25:239-43.

Cieplik F., Scholz KJ., Anthony JC., Tabenski I., Ettenberger S., Hiller KA., et al. One-year
results of a novel self-adhesive bulk-fill restorative and a conventional bulk-fill composite in
class Il cavities-a randomized clinical split-mouth study. Clin Oral Investig 2022;26:449-61.
Lie Nakano E., Caetano de Souza AS., Cidreira Boaro LC., Catalani LH., Braga RR., Goncalves
F. Polymerization stress and gap formation of self-adhesive, bulk-fill and flowable composite
resins. Oper Dent 2020;45:308-16.

Llena C., Fernandez S., Forner L. Color stability of nanohybrid resin-based composites,
ormocers and compomers. Clin Oral Investig 2017;21:1071-7.

Lassila L., Garoushi S., Vallittu PK., Séilynoja E. Mechanical properties of fiber reinforced
restorative composite with two distinguished fiber length distribution. J Mech Behav Biomed
Mater 2016;60:331-8.

Veloso SRM., Lemos CAA., de Moraes SLD., do Egito Vasconcelos BC., Pellizzer EP., de Melo
Monteiro GQ. Clinical performance of bulk-fill and conventional resin composite restorations in
posterior teeth: a systematic review and meta-analysis. Clin Oral Investig 2019;23:221-33.
ElAziz RHA., ElAziz SAA., ElIAziz PMA., Frater M., Vallittu PK., Lassila L., et al. Clinical

Nanotechnology Perceptions Vol. 20 No.7 (2024)



Marginal and Internal Adaptation of Different Flowable..... Sahar A Saleh et al. 1240

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

96.

97.

98.

evaluation of posterior flowable short fiber-reinforced composite restorations without proximal
surface coverage. Odontology 2024;4:1-10.

Sengar EV., Mulay S., Beri L., Gupta A., Almohareb T., Binalrimal S., et al. Comparative
evaluation of microleakage of flowable composite resin using etch and rinse, self-etch adhesive
systems, and self-adhesive flowable composite resin in class V cavities: confocal laser
microscopic study. Mater (Basel, Switzerland) 2022;15:1-8.

Sadeghi M. An in vitro microleakage study of class V cavities restored with a new self-adhesive
flowable composite resin versus different flowable materials. Dent Res J (Isfahan) 2012;9:460-
5.

Alsagob El., Bardwell DN., Ali AO., Khayat SG., Stark PC. Comparison of microleakage
between bulk-fill flowable and nanofilled resin-based composites. Interv Med Appl Sci
2018;10:102-9.

Peutzfeldt A., Mihlebach S., Lussi A., Flury S. Marginal gap formation in approximal “bulk fill”
resin composite restorations after artificial ageing. Oper Dent 2018;43:180-9.

Arbildo-Vega HI., Lapinska B., Panda S., Lamas-Lara C., Khan AS., Lukomska-Szymanska M.
Clinical effectiveness of bulk-Fill and conventional resin composite restorations: systematic
review and meta-analysis. Polymers (Basel) 2020;12:1-51.

Jassé FF de A., Alencar C de M., Zaniboni JF., Silva AM., Campos EA de. Assessment of
marginal adaptation before and after thermo-mechanical loading and volumetric Shrinkage: bulk
fill versus conventional composite. Int J Odontostomatol 2020;14:60—6.

Akarsu S., Atasoy S. Comparison of microleakage in class v restorations using different
composite resins and techniques. J Dent Mater Tech 2021;10:206-13.

Aravindhan K., Sharma SS. Evaluation of marginal adaptation of two different composite. Int J
Health Sci (Qassim) 2022;6:2131-9.

Baltacioglu TH., Demirel G., Oztiirk B., Aydin F., Orhan K. Marginal adaptation of bulk-fill resin
composites with different viscosities in class Il restorations: a micro-ct evaluation. BMC Oral
Health 2024;24.

Kaczor-Wiankowska K., Puszkarz AK., Palczewska-Komsa M., Lipa S., Krasowski M.,
Sokotowski J., et al. Internal adaptation of composite fillings made using universal adhesives-a
micro-computed tomography analysis. Mater (Basel, Switzerland) 2024;17:1-14.

Putignano A., Tosco V., Monterubbianesi R., Vitiello F., Gatto ML., Furlani M., et al.
Comparison of three different bulk-filling techniques for restoring class Il cavities: pCT, SEM-
EDS combined analyses for margins and internal fit assessments. J Mech Behav Biomed Mater
2021;124:1-9.

Chiu S., Lee Y., Liu M., Chen H., Ye H., Liu Y. Evaluation of the marginal adaptation and
gingival status of full-crown restorations using an intraoral camera. BMC Oral Health
2022;22:517.

M. J., Taylor. E L. Marginal adaptation review 1993;21:265-73.

Srimaneepong V., Heboyan A., Zafar MS., Khurshid Z., Marya A., Fernandes GVO., et al. Fixed
prosthetic restorations and periodontal health: a narrative review. J Funct Biomater 2022;13.

de Paula Silveira AC., Chaves SB., Hilgert LA., Ribeiro APD. Marginal and internal fit of cad-
cam-fabricated composite resin and ceramic crowns scanned by 2 intraoral cameras. J Prosthet
Dent 2017;117:386-92.

Jeong C., Hwang SH., Kim BJ., Chae HG., Park Y Bin. Multilayered composites with modulus
gradient for Enhanced pressure-temperature sensing performance. Sensors (Basel) 2021;21:1—
11.

Heintze SD. Clinical relevance of tests on bond strength, microleakage and marginal adaptation.
Dent Mater 2013;29:59-84.

Ismail HS., Ali Al., Mehesen RE., Juloski J., Garcia-Godoy F., Mahmoud SH. Deep proximal
margin rebuilding with direct esthetic restorations: a systematic review of marginal adaptation

Nanotechnology Perceptions Vol. 20 No.7 (2024)



1241 Sahar A Saleh et al. Marginal and Internal Adaptation of Different Flowable....

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

and bond strength. Restor Dent Endod 2022;47:1-18.

Rami¢ BD., Stojanac IL., Drobac MR., Kantardzi¢ IR., Maletin AZ., Cvjeti¢anin MT., et al.
Application of scanning electron microscopy in the observation of dentin-adhesive interface.
Microsc Res Tech 2021;84:2—-7.

Toma FR., Moleriu LC., Porojan L. Micro-CT marginal and internal fit evaluation of cad/cam
high-performance polymer onlay restorations. Polymers (Basel) 2023;15:1-13.

Salerno M., Vizza F., Amaroli A., Signore A., Itri A. 3D optical profilometer analysis of the
marginal gap of class Il restorations made with different materials for vital pulp therapy
procedures. Dent Mater J 2021;40:407-15.

Zhang L., Yu P., Wang XY. Surface roughness and gloss of polished nanofilled and nanohybrid
resin composites. J Dent Sci 2021;16:1198-203.

Daher R., Krejci I., Di Bella E., Marger L. Evaluation of the validity of digital optical microscopy
in the assessment of marginal adaptation of dental adhesive interfaces. Polym 2022 2021;14:1—
10.

Pilolli GP., Lauritano D., Lucchese A., Di Stasio D., Petruzzi M., Marrone G., et al. In vitro
analysis of marginal adaptation and resistance of diffrent dental composites: stereo and scanning
electron microscopic evaluation. J Biol Regul Homeost Agents 2015;29:82-8.

Mehesen R., Jazar H., Sheta N., Montaser M. Scan electron microscope evaluation of marginal
adaptation of alkasite, bulk-fil resin composite, resin modified glass ionomer, and high viscosity
glass ionomer restorative materials. Egypt Dent J 2022;68:1859-66.

Eliasson ST., Dahl JE. Effect of thermal cycling on temperature changes and bond strength in
different test specimens. Biomater Investig Dent 2020;7:16-24.

Pol C., Ghige S., Gosavi S., Hazarey V. Effects of elevated temperatures on different restorative
materials: an aid to forensic identification processes. J Forensic Dent Sci 2015;7:148-52.
Molaro JL., Walsh KJ., Jawin ER., Ballouz RL., Bennett CA., DellaGiustina DN., et al. In situ
evidence of thermally induced rock breakdown widespread on Bennu’s surface. Nat Commun
2020;11:29-33.

Tonetto MR., Bandéca MC., De Oliveira Barud HG., Pinto SCS., Lima DM., Borges AH., et al.
Influence of artificial aging in marginal adaptation of mixed class V cavities. J Contemp Dent
Pract 2013;14:316-9.

Soriano-Valero S., Roman-Rodriguez JL., Agustin-Panadero R., Bellot-Arcis C., Fons-Font A.,
Fernandez-Estevan L. Systematic review of chewing simulators: reality and reproducibility of in
vitro studies. J Clin Exp Dent 2020;12:1189-95.

Han SH., Sadr A., Shimada Y., Tagami J., Park SH. Internal adaptation of composite restorations
with or without an intermediate layer: Effect of polymerization shrinkage parameters of the layer
material. J Dent 2019;80:41-8.

Nanotechnology Perceptions Vol. 20 No.7 (2024)



