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This study aimed to evaluate the effect of different interface designs on the load-
bearing capacity of bilayered composite structures (BLS). Cylindrical specimens of
BLS were prepared from base composite of 3.5 mm thickness and surface composite
of 1.5 mm thickness (n = 80). Two different base composites – flowable bulk-fill
(FBF) [smart dentin replacement (SDR)] and short fiber-reinforced (FRC) (everX
Posterior) – were evaluated, and conventional composite (G-ænial Posterior) was
used as the surface layer. Four different interface designs were used: (i) pyramidal;
(ii) mesh; (iii) linear grooves; and (iv) flat surface (control). Three-dimensional
printed molds were fabricated to standardize the interface design between the sur-
face and the base composites. The specimens were then statically loaded with a steel
ball until fracture using a universal testing machine. Fracture types were classified
into catastrophic, complete, and partial bulk. ANOVA revealed that both the mate-
rial and the interface design had a statistically significant effect on the load-bearing
capacity. Flowable bulk-fill showed lower mean load-bearing capacity than FRC in
all the interface designs tested, except for the flat surface design. Fracture analysis
showed that FRC demonstrated up to 100% partial bulk fractures with the pyramid
interface design, but no incidence of catastrophic bulk fracture. By contrast, FBF
demonstrated up to 84.6% and 40% catastrophic bulk fractures with the flat inter-
face design but no incidence of partial bulk fracture. Consequently, the interface
designs studied enhanced the fracture behavior of BLS.
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Direct restorative procedures are routine interventions
in clinical dentistry, and posterior composite restora-
tions, in particular, present the most challenging of
these interventions (1–3). Minute discrepancies in filling
techniques may lead to premature failure of the restora-
tion, making composite filling materials technique-sen-
sitive (4, 5). Hence, a closer look at the filling
techniques used for restorative treatment is important
in view of the potential magnitude of their repercus-
sions (6).

Since the popularization of the SiSta classification
system by MOUNT et al. (7) regarding cavity design,
minimally invasive dentistry has become the optimal
standard of care (8). Improvements in both composite
filling materials and bonding procedures allow for mini-
mally sized cavities, without the need for unnecessary
loss of healthy tooth structure in order to achieve
mechanical retention (9). Therefore, the primary refer-
ence for cavity design is removal of the active carious
lesion. Cavity design is thus not predetermined by the
mechanical properties of the composite materials but
rather by preserving the greatest amount of healthy
tooth structure (10). However, the actual difference in

material properties between different composite materi-
als remains a factor that needs to be taken into account
(11).

In recent years, novel materials, such as bulk-fill
and discontinuous short-fiber reinforced composites,
have gained traction in the clinical setting, and
numerous studies have shown the promising perfor-
mance of these materials (11, 12). Bulk-fill materials
are indicated to be placed and light cured in bulk
increments, of up to 4 mm, in medium-to-large poste-
rior cavities (13, 14). Such materials have the benefit
of an increased depth of cure as a result of the
amount of filler, their translucency, and the presence
of additional photo-initiators (15). These factors lead
to shorter application times in comparison with the
increments of 2 mm used for conventional particulate
filler composite (16).

Moreover, the conventional incremental technique
poses the risk of incorporation of voids and the intro-
duction of an unreacted composite monomer layer,
known as the oxygen inhibition layer, between the
many successive layers (17). It is known that both
aforementioned factors affect the performance of the
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restorations and thus reducing their incidence would be
beneficial (18, 19).

Bulk-fill materials also exist with varying material
properties, being packable and flowable (20). In com-
parison to conventional particulate filler composites
flowable bulk-fill composites have less filler content and
hence are able to flow to fill the deeper areas of poste-
rior cavities, and their less-viscous material properties
have been reported to improve their clinical perfor-
mance as a result of the decreased polymerization stress
and cuspal strain (20–22). However, the decreased filler
content also results in decreased wear resistance and
therefore flowable bulk-fill composites need to be cov-
ered occlusally using a conventional particulate filler
composite (13). A well-known material from this cate-
gory uses the brand name Smart Dentin Replacement
(SDR), which is intended to be used as a dentin
replacement in posterior restorations (23).

By contrast, fiber-reinforced composites have short
discontinuous glass fibers as a filler, which has been
reported to improve the mechanical properties (such
as increasing fracture resistance and deflecting crack
propagation) of large restorations (24, 25). One
material from this category uses the brand name
everX Posterior and, similarly to flowable bulk-fill
composite, can also be placed in bulk (26). Fiber-
reinforced composites have been shown to possess
high fracture toughness (27). Nonetheless, they must
also be coated with a top layer of conventional par-
ticulate filler composite to protect the fibers and
improve the wear resistance during masticatory func-
tion (28).

As a result, such bulk-fill and short fiber-reinforced
materials give rise to a bilayered composite structure
that integrates two different composite materials
exhibiting two differing properties: a top layer with
high wear resistance to the masticatory function; and a
bottom layer that forms the supporting bulk (29). In
principle, such a bilayered configuration is similar to
that of a natural tooth (i.e., a top layer of wear-resis-
tant enamel and a bottom layer of supporting dentin
bulk) (30, 31).

Furthermore, the natural configuration of the inter-
face between dentin and enamel is an intricate design
of dentin–enamel junction scallops, which form a gradi-
ent-like interface (32). The dentin–enamel junction is
known to have a protective function toward fracture
propagation by either deflecting or hindering crack for-
mation (30, 31, 33).

It has been reported that using a bilayered biomi-
metic approach as a filling technique can improve
mechanical behavior through utilizing the inherent
strengths of each material, while reducing the total
number of layers needed to restore the cavity (34–36).

However, as far as the authors are aware, a detailed
guideline, such as the minimally invasive cavity design
presented by MOUNT et al. (7), does not yet exist for
bilayered restorations. If a bilayered filling technique is
to be optimized, factors such as the properties of the
materials used, the thickness of each layer, the quality
of adhesion of the composite–composite interface, and

the interface design between the two layers would be
beneficial areas of study.

In this work, we study the interface design between
the different composite materials. Typically, dentists
apply bulk-fill composites so that their surface is flat,
before applying the final top layer of particulate filler
composite. Inevitably, an oxygen-inhibited layer of
unreacted monomer forms on the surface of a freshly
light-cured base composite, causing a distinct margin
between the two layers (17).

The aim of this study was therefore to fabricate
interface designs that could be imprinted on the surface
of different bulk-fill composites before applying the
final top layer of particulate filler composite. Such a
design can offer a gradient-like interface similar to that
of the dentin–enamel junction. In addition, these bilay-
ered structures were mechanically loaded to investigate
the effect of the interface designs on fracture behavior.
The following null hypotheses were tested: (i) fracture
behavior would not be affected by the different inter-
face designs; and (ii) there would be no significant dif-
ferences in fracture behavior using different bulk-fill
composite materials.

Material and methods

Interface design fabrication

In this study, four interfacial designs were prepared using
the three-dimensional (3D) modeling computer software,
Rhinoceros 5 (Mc Neel Europe, Barcelona, Spain)
(Fig. 1). The finalized interfacial designs were then 3D
printed using a Form2 3D printer (FormLabs, Somerville,
MA, USA). The printer utilized stereolithography technol-
ogy and methacrylate photopolymer resin.

Fig. 1. Computer-rendered three-dimensional (3D) models of
the interface designs used in this study. The width and
depth of the grooves in the mesh and linear designs are
0.5 mm. In the pyramid design, the width of the groove is
1 mm and the depth is 0.5 mm.
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Subsequently, transparent polyvinyl siloxane elastomer
molds (Memosil 2; Kulzer, Mitsui Chemicals, Tokyo,
Japan) were fabricated so that they could be pressed onto
the base composite to produce the following four designs:
pyramidal; mesh; linear grooves; and flat surface (Fig. 1).

The four interface designs produced on the surface of
the base composites were profiled with a 3D optical micro-
scope (Bruker Nano, Berlin, Germany) using VISION64 soft-
ware (Tucson, AZ, USA). The maximum interface design
depth values (lm), representing the average of the lowest
or deepest points of all profile scans, were calculated from
different points.

Specimen preparation

Eighty bilayered cylindrical specimens were prepared using
transparent cylindrical plastic molds (diameter: 7 mm;
total height: 5 mm). Four interface-design test groups were
fabricated using each of the base composites (n = 10 per
group).

All bilayered specimens comprised a bottom layer
made of a base composite of either everX Posterior
(GC, Tokyo, Japan), which is a short fiber-reinforced
bulk-fill base composite, or SDR (Dentsply Sirona,
York, PA, USA), which is a flowable bulk-fill composite.
A top layer of G-ænial Posterior (GC, Tokyo, Japan),
which is a conventional particulate filler composite
(Table 1), was added. The exact thickness of each layer
is presented in Fig. 2.

After placing the base composite materials in the cylin-
drical plastic molds, a transparent polyvinyl siloxane elas-
tomer mold with the appropriate interface design was
pressed onto the surface of the base composites to imprint
the interface design onto the surface of the base composite
before light curing. A light-emitting diode (LED) light-cur-
ing unit (Elipar S10; 3M ESPE, St Paul, MN, USA) was
calibrated using MARC Resin Calibrator (BlueLight
Analytics, Halifax, Canada). A calibrated average light
intensity of 1,765.30 mW cm�² (SD = 17.91) was used
throughout this study.

The specimens were initially light cured from the top
surface and through the transparent polyvinyl siloxane
elastomer mold for 5 s. Then, the molds were immediately
removed and the light curing process was continued for
35 s. Finally, a top layer of particulate filler composite
was used to cover the base composite and was light cured
for 40 s from the top surface.

The prepared specimens were stored for 48 h in a dry
environment at room temperature (23 � 1°C) before they
were tested.

Compression test and fracture analysis

The specimens were subject to static loading with a steel
ball (Ø 4 mm), placed perpendicular to the top layer of
the specimens until fracture, using a universal testing
machine (Model LRX; Lloyd Instruments, Fareham, UK).
The contact point of the steel ball on the specimen was at
the middle of the specimen, and the extension rate was
1 mm min�1. Testing was carried out at room temperature
(23 � 1°C), and loading data were computed using PC
software (Nexygen; Lloyd Instruments).

Fracture patterns were then visually examined by three
different examiners and placed into four categories:(i)
Catastrophic was the most unfavorable type of fracture pat-
tern as the entire bilayered specimen completely shattered
into several pieces(ii) Complete bulk fracture was declared
when the fracture went through the bulk material and split
the specimen in half, rendering a poor outcome for repair
(iii) Partial bulk fracture presented a more favorable frac-
ture pattern. This is because the fracture lines ran more
superficially and away from the midline of the specimen,
which preserved most of the bulk of the remaining material
(Fig. 2)(iv) Adhesive fracture was identified when the frac-
ture line advanced along the interface without involvement
of the base composite in the bilayered structures.

Surface microhardness test

It is known that atmospheric oxygen forms a layer of unre-
acted monomer on the surface of freshly light-cured com-
posite materials (18). Therefore, surface microhardness
[Vickers hardness number (VHN)] measurements were car-
ried out to analyze the interface design fabrication technique
and light-curing protocol used in this study and its effect on
the surface of the base composites fabricated. It has been
reported that surface microhardness has a correlation with
the degree of monomer conversion (DC%) (37, 38).
Therefore, this could affect the physical properties of the
specimen.

The surface microhardness measurements (five points
for each specimen) were carried out using a universal
Vickers device (Struers Duramin, Struers, Ballerup, Den-
mark), with a load of 245.3 mN being applied for 15 s.

Table 1

Materials used in this study

Material (Shade)
Code
name Lot No. Manufacturer

Type of
composite Matrix composition Inorganic filler content

G-ænial
Posterior (A3)

GP 1501071 GC, Tokyo, Japan Micro-hybrid
conventional

UDMA, dimethacrylate
comonomers (Bis-GMA free)

Prepolymerized fillers
with silica filler
content 81 wt% 65 vol%

EverX
Posterior (n/a)

FRC 1601081 GC, Tokyo, Japan Discontinuous
fiber reinforced

Bis-GMA, PMMA, TEGDMA Short E-glass fiber filler,
barium glass 74.2
wt%, 53.6 vol%

SDR (universal) FBF 1611111 Dentsply Sirona,
York, PA, USA

Flowable bulk-fill TEGDMA, EBADMA 68 wt%, 44 vol%,
barium borosilicate glass

Bis-GMA, bisphenol-A-glycidyl dimethacrylate; EBADMA, ethoxylated bisphenol-A-dimethacrylate; PMMA, polymethylmethacrylate;
TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate; vol%, volume percentage; wt%, weight percentage.
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The time elapse between the point of indentation and the
measurement of the deformation produced was standard-
ized at 30 s to equate for possible elastic recovery of
deformation after the point of indentation (39, 40). Test
indentations should be performed on a flat surface and
therefore the flat interface design was chosen for surface
microhardness testing.

The length of the diagonal of each indentation was mea-
sured directly using a graduated eye-lens. The VHN was
obtained using the following equation:

H ¼ 1;854:4� P

d 2

where H is Vickers hardness (kg mm�2), P is the load
(g), and d is the length of the diagonals (lm).

Furthermore, three test protocols were prepared to test
the surface microhardness of each of the base composite
materials (n = 4 per group) (3.5-mm-thick cylinders with a
diameter of 7 mm).

Test protocol 1: current study light-cure protocol: The flat
polyvinyl siloxane elastomer mold was placed touching
the base composite, and was light-cured for 5 s. Then,
the polyvinyl siloxane elastomer mold was immediately
removed and light curing was continued for 35 s.
Specimens were tested immediately after light polymer-
ization.

Test protocol 2: conventional light-cure protocol used in
clinics; exposure to atmospheric oxygen: The base compos-
ite was light cured directly for 40 s without using the poly-
vinyl siloxane elastomer mold. Specimens were tested
immediately after light polymerization.

Test protocol 3: protected from atmospheric oxygen: A
microscope glass slab was placed on the base composite
surface, after which the specimens were light polymerized.
The glass slab was kept in contact with the base composite

for an additional 360 min. Afterwards, the glass slab was
removed, and the surface microhardness of the specimens
was measured.

Statistical analysis

Maximum load values in the compression test were ana-
lyzed using two-way ANOVA followed by Tukey’s post-
hoc analysis, at a significance level of P < 0.05, using SPSS

software (SPSS, Chicago, IL, USA).

Results

Compression test and fracture analysis

Two-way ANOVA revealed that the material and the
interface design had a significant effect on the load-
bearing capacity (P < 0.05). The mean load values
acquired at maximum compression are presented in
Fig. 3. The mean load values for the flat interface
designs were higher than those for other interface
designs, for both base materials. For the flowable bulk-
fill composite (SDR), a change in interface design sig-
nificantly affected the loads acquired (P < 0.05). For
fiber-reinforced composite (everX), only the mesh inter-
face design showed statistically different load values
from the other interface designs investigated (P < 0.05).

Fracture types are summarized in Table 2 and shown
in Fig. 4. No adhesive or partial bulk fractures were
identified for flowable bulk-fill composite (SDR) groups.
The two modes of fracture observed for flowable bulk-fill
composite were catastrophic fracture and complete bulk
fracture, and the interface design was found to influence
the percentage of these fracture modes. The descending
order of percentage of catastrophic fractures with
relation to interface design was as follows: Flat

Fig. 2. Two-dimensional schematic illustrations of the specimens and the different interface designs investigated in this study.
Loading set up is demonstrated on the right. Fracture behavior was categorized into catastrophic fracture, complete bulk fracture,
or partial bulk fracture.

Interface design and fracture behavior 279



surface > Linear grooves > Mesh > Pyramid (84.6%,
54.4%, 50%, and 40%, respectively).

No adhesive or catastrophic fractures were identified
for fiber-reinforced composite (everX). The two modes
of fracture observed for fiber-reinforced composite were
partial fracture and complete bulk fracture, and the
interface design was found to influence the percentage
of these fractures. The ascending order of percentage of
partial bulk fractures in relation to interface design was
as follows: Flat surface > Lines > Mesh > Pyramid
(63.6%, 70%, 80%, and 100%, respectively).

Surface microhardness test

Test Protocol 3 was the only protocol that yielded mea-
surable indentations. Fiber-reinforced composite (everX)
(VHN: 61.8 � 2.5) showed higher hardness values than
flowable bulk-fill composite (SDR) (VHN: 30.9 � 1.7).

Discussion

In the present study, the concept of fabricating an
interface design was inspired by the dentin–enamel
junction, which is known to be scalloped in nature (41).
Several studies have looked closely at this natural inter-
face and closely investigated its structure and behavior
(30, 31, 42, 43).

However, there is no biomimetic model for bilayered
restorations. According to BRAUER et al. (32), who inves-
tigated the dentin–enamel junction scallop size, the
dentin–enamel junction is indeed complex. Their results
showed that posterior teeth, which are subject to high
masticatory loads, tend to have larger and more
pronounced scallops than anterior teeth. It has been sug-
gested that this gradient-like interface improves mechani-
cal performance (32).

The results obtained for maximal loading in the com-
pression test showed that the flat interface design had

Table 2

Results of fracture pattern assessment for all bilayered groups

Interface design Base material

Percentage of different types of failure

Catastrophic
bulk fracture

Complete bulk
fracture

Partial bulk
fracture Adhesive fracture

Flat surface FBF 84.6 15.4 – –
FRC – 36.4 63.6 –

Linear grooves FBF 54.5 45.5 – –
FRC – 30.0 70.0 –

Mesh FBF 50.0 50.0 – –
FRC – 20.0 80.0 –

Pyramid FBF 40.0 60.0 – –
FRC – 0.0 100.0 –

FBC, flowable bulk-fill composite (SDR); FRC, fiber-reinforced composite (everX).

Fig. 3. Investigation of load-bearing capacities (N � SD), for the interface designs tested in this study, which were sited between
the surface particulate filler composite and the base composite. The same superscript upper-case letter represents a non-statisti-
cally significant difference (P > 0.05, Tukey’s post-hoc testing) between material and interface design in fiber-reinforced composite
(FRC) groups (everX). The same superscript lower-case letter in a column represents a non-statistically significant difference
(P > 0.05, Tukey’s post-hoc testing) between material and interface design in flowable bulk fill composite (FBF) groups (SDR).
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the highest load-bearing capacity of all interface designs
tested. A potential explanation is that a flat design
avoids the introduction of any voids that may act as
areas of stress concentration (34, 44). Hence, an inter-
face with a large surface area and a gradient-like design
could ultimately present weak points in bilayered struc-
tures and cause fracture at lower loads. This phe-
nomenon can be observed in the results reported in this
study. We found that designs with a large surface area,
such as mesh and pyramid, demonstrated a more exten-
sive and gradient-like design interface. These designs
also showed the lowest relative maximum load values in
the compression tests. However, it is noteworthy that
the maximal unilateral occlusal force reported for poste-
rior composites during function is between 500 and
800 N (45). This is well below the lowest compression
loads acquired with any of the designs in this study
(1,800 � 270 N). Therefore, the maximum compression
load applied in all interface designs investigated can be
considered as clinically appropriate because they are
able to withstand the occasional high occlusal forces
experienced during occlusal function (46).

The maximum loads in compression that were
recorded, in the present study, for flowable bulk-fill
(SDR) and fiber-reinforced (everX) composites are in
line with those reported in a similar study by €OZY €UREK

et al. (47), who utilized the same materials to restore
endodontically treated teeth. It was observed that even
though the fiber-reinforced composite groups did not
demonstrate the highest fracture loads, they had frac-
tures that could be more easily restored (47).

In terms of the effect of interface design and fracture
behavior, the results obtained could be explained by the
fact that the relatively greater surface area in the pyramid

and mesh design provided unique crumple zones. These
are similar to those present in cars and human skulls (48).
Consequently, they dissipate any incoming crack
through the gradient-like interface design and into the
bulk material at a lower energy, and the fracture front
would have lower energy as it goes through the base
material (49). For flowable bulk-fill composite, this
means a lower incidence of catastrophic shattering,
while in fiber-reinforced composite this translates into
the fibers being able to deflect crack propagation away
from the bulk of the material and to the peripheries, as
was shown in this study. The results are also in line
with a previous study showing that in pre-planning for
failure in restorations it can be useful to have pre-
dictable and favorable failures, when using fibers (48).
The presence of such energy-absorbing and stress-distri-
buting fibers results in a higher possibility for repair if
failure occurs (50). Similarly, owing to the presence of
collagen fibers, it has been reported that the structure
of the dentin–enamel junction is comparable with that
of a fiber-reinforced structure (51, 52). As a conse-
quence of these findings, the first hypothesis, that frac-
ture behavior would not be affected by the different
interface designs, was rejected.

With regard to using different bulk-fill materials and
their effect on the fracture behavior of bilayered
restorations, there was a general difference between the
flowable bulk-fill composite and fiber-reinforced
composite groups, as shown in the results. The catas-
trophic and unfavorable fracture behavior observed for
flowable bulk-fill composite is in line with previous
studies investigating the mechanical behavior of bulk-fill
composites and conventional particulate filler composite
(53, 54). Their fundamentally similar material properties
thus do not offer significant improvement of fracture
propagation, such as partial bulk fractures acquired
with fiber-reinforced composite groups (55).

Interestingly, fiber-reinforced composite did not pre-
sent any instance of catastrophic failure, probably
because of the positive reinforcement that fibers pro-
vide against fracture, as reported in several studies (56,
57). Such improvement in fracture behavior and tough-
ness was observed in a different study by ABOUELLEIL

et al. (58), in which the fibers within the matrix held
separate fracture ends together, despite the fact that
fractures had occurred within test samples. Therefore,
the second hypothesis, that there would be no signifi-
cant differences in fracture behavior using different
bulk-fill composite materials, was rejected.

Additionally, 3D profiling was performed on the top
surface of bulk-fill composites to confirm whether the
designs created on the molds by 3D printing were
transferable to the composite surface to create the
interface design intended (Fig. 5). There was a small
variance, of 0.15 mm, between the mold and the
impression. A possible cause could be the viscosity of
the bulk-fill materials used in this study (4). On the one
hand, fiber-reinforced composite is a packable and
more viscous material compared to flowable bulk-fill
composite; thus, imprinting an interface design could
be appropriately fabricated using firmer pressure and a

Fig. 4. Photographs of example fracture types: (A) catas-
trophic bulk fracture; (B) complete bulk failure; (C.1) partial
bulk fracture – side view; and (C.2) partial bulk fracture – top
view.
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rigid mold that can apply greater force onto the sur-
face. On the other hand, flowable bulk-fill composite is
flowable and less viscous; thus, an interface design can
be imprinted easily with the polyvinyl siloxane elas-
tomer mold used in this study.

In this study, a surface microhardness test was per-
formed to evaluate the effect of the light-curing proto-
col used to create the different interfaces (59). The
absence of readings from protocols 1 and 2 infers that
interface design imprinting and the light-curing proto-
col did not have an effect on formation of the oxygen-
inhibition layer. This observation can be attributed to
the presence of an oxygen-inhibited sticky gel-like layer
on the surface of the composite materials, as reported
in previous studies (60, 61). This layer of unreacted
monomers has a decreased degree of conversion and
would thus be soft, and as a result of the softness of
the area, the material simply recoils back to normal as
the indenter is removed. Therefore, an indent of
245.3 mN was not able to produce any permanent
deformations. In a previous study it was shown that
protecting the composite surface from ambient oxygen
molecules in the air for up to 360 min allowed for
higher hardness and effective polymerization (18, 62).
This finding is in line with the results for test protocol
3 in which a glass slab was used to cover the surface of
the composite for 360 min. Overall, surface microhard-
ness testing is usually most effective when used for met-
als (61). As a consequence, when applying a load of
245.3 mN, test protocols 1 and 2 showed no measur-
able indentations in comparison with protocol 3, which
was harder and hence indentable.

This study is part of a series of studies aimed
at improving the properties of bilayered bulk-fill

composite materials. The fabricated interface design in-
between two composite materials affected the fracture
behavior of bilayered structures. However, this prelimi-
nary study only serves as a proof of concept, and fur-
ther studies are required to be able to make clinical
inferences.

A follow-up study on the fracture-toughness proper-
ties of each of the interface designs can be a more
deductive laboratory parameter for clinical failure, as
was demonstrated by HEINTZE et al. (63), in a recent
systematic review. In addition, an in-depth analysis of
the fracture behavior and stress concentrations along
the interface designs could be examined closely by uti-
lizing a technique such as the 3D Finite Element
Method (64).

Nonetheless, it is worth mentioning that the tests
were conducted through a standardized laboratory pro-
tocol, and the clinical situation is variable in terms of
handling and placement of material. Furthermore to
validate the results of this study clinically, a dynamic
load testing procedure should be conducted to quantify
the longterm effects of repetitive low occlusal forces on
bilayered composite structures.

Within the limitations of this study, the results sug-
gest that the fracture behavior of bilayered composite
structures could be affected by the interface design
between the base and surface composite layers. Frac-
ture behavior is expected to improve when using short-
fiber-reinforced composite as the base material along
with an intricate interface design that can improve
material failure.
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