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The aim of this study was to evaluate load-bearing capacity and wear performance
of experimental short fiber-reinforced composite (SFRC) and conventional lithium-
disilicate CAD/CAM fabricated fixed partial dentures (FPDs). Two groups (n =
12/group) of three-unit CAD/CAM fabricated posterior FPDs were made. The first
group used experimental SFRC blocks, and the second group fabricated from lithium-
disilicate (IPS e.max CAD). All FPDs were luted on a zirconia testing jig with
dual-curing resin cement. Half of FPDs per group were quasi-statically loaded until
fracture. The other half experienced cyclic fatigue aging (100.000 cycles, Fmax =
500 N) before loading quasi-statically until fracture. Fracture mode was examined
using SEM. Wear test was performed using 15,000 loading cycles. Both material
type and aging had a significant effect on the load-bearing capacity of FPDs. Exper-
imental SFRC CAD without fatigue aging had significantly the highest load-bearing
capacity (2096 + 149N). Cyclic fatigue aging decreased the load-bearing capacity
of the SFRC group (1709 + 188N) but increased it for the lithium-disilicate group
(1546 + 155N). Wear depth values of SFRC CAD (29.3um) were significantly lower
compared to lithium-disilicate (54.2um). Experimental SFRC CAD demonstrated the
highest load-bearing capacity before and after cyclic fatigue aging, and superior wear
behavior compared to the control material.
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were commonly made with metal frameworks veneered
with ceramic. Despite their favorable mechanical properties

Three-unit fixed partial dentures (FPDs) are a practicable
prosthetic intervention for compensating a missing tooth
and can be employed as an alternative to single-implant
restorations when appropriate indications are met [1].

A variety of materials are available for the production of
three-unit FPDs based on the intended duration and indication
such as restoration length. During the last few decades, FPDs

and longevity, metal-based FPDs were frequently linked to
aesthetic drawbacks. Consequently, metal-free veneered and
monolithic all-ceramic systems have grown in popularity to
fabricate FPDs [2].

For anterior teeth, all-ceramic FPDs have similar clinical
results to metal-ceramic restorations; however, for posterior
teeth, all-ceramic FPDs, particularly those with veneered
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frameworks, are more likely to experience chipping, crack-
ing, or delamination [3, 4]. These issues arise from several
contributing factors, including the veneering porcelain’s low
fracture toughness and strength [5], thermal incompatibil-
ity among the materials, and low bond strength between the
veneering porcelain and infrastructure materials [4, 6, 7].

To address these problems, all-ceramic systems that have
better mechanical and thermal properties have been devel-
oped. For example, zirconia and lithium-disilicate bridges
are fabricated using computer-aided design/computer-aided
manufacturing (CAD/CAM) technology, which can ensure a
precise fit and optimal functionality. Both materials provide
excellent mechanical strength, superior fracture resistance,
and offer aesthetic advantages resulting in natural-looking
posterior restorations [8]. However, some limitations and
drawbacks are also recorded for all-ceramic systems. All-
ceramic restorations tend to be more expensive than other
alternatives, such as metal or metal-ceramic restorations,
and they can potentially cause more wear on opposing nat-
ural teeth in addition to their limited repair options [9].
Moreover, it is important to note that some popular mono-
lithic all-ceramic materials, for example, IPS e.max, are
indicated for restorations of three-unit bridges only up to
the second premolar as the terminal abutment, and there-
fore they are not recommended when molars need to be
restored [10].

Regarding zirconia, in vitro studies and systematic reviews
have come to the conclusion that establishing a strong
and durable bond between zirconia and the cementing
agent can raise challenges in ensuring long-term durability
[11,12].

CAD/CAM polymers and polymethyl methacrylate-based
composites have been previously used to address the require-
ments for temporary FPDs. However, when they started to
be employed as posterior permanent restorations, the usage
of CAD/CAM composite has been restricted to single-tooth
restorations. In the literature, an assessment of the mate-
rial’s susceptibility to catastrophic fracture has indicated
that a low elastic modulus of the FPD framework material,
combined with high resiliency, can result in a more homo-
geneous distribution of stress within the framework [13].
Moreover, in comparison to ceramics, CAD/CAM composites
are known for their superior damage tolerance and reduced
brittleness, which results in the formation of smoother mar-
gins and reduced marginal chipping [14]. These significant
properties have guided attempts to use the CAD/CAM com-
posite restoration as a suitable alternative for the indication of
multi-unit permanent FPDs.

Short fiber-reinforced composites (SFRCs) with their
enhanced mechanical characteristics have been mainly intro-
duced to reinforce composite restorations in high stress-
bearing areas as a direct bulk-fill or flowable restorative
material [15-17]. SFRC showed the high performance nec-

TABLE 1 CAD/CAM materials used with their composition.*
Material Manufacturer Composition (Wt%)
IPS e.max Ivoclar Vivadent , Silicon dioxide 57%—-80%,

CAD lithium oxide 11%—19%,
potassium oxide 0%—13%,
phosphorus oxide
0%—11%, and other oxides

UDMA, TEGDMA, short
glass fiber (200-300 ym &
@7 pm), barium glass
77 wt%

SFRC CAD Experimental

Abbreviations: CAD/CAM, computer-aided design/computer-aided manufactur-
ing; TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacry-
late; wt%, weight percentage.

2Composition based on manufacturer details.

essary to augment load-bearing capacity and alter the fracture
pattern to more repairable forms [18-21].

In posterior teeth, where we have high stress-bearing areas,
the material’s capacity to withstand wear is also a crucial
factor to consider, since it is one of the responsible factors
for the long-term quality of the restoration under occlusal
forces. Over the years, the wear characteristics of composites
have been enhanced; however, despite these improvements,
composites are still not considered to have ideal resistance
to wear. The suboptimal wear resistance is seen as one of
the primary limitations of the composites [22]. The wear
characteristics of direct SFRC have been investigated in
previous studies, and it has been found that the incorporation
of short fibers into the composite does not have a negative
impact on its wear [23, 24].

Experimental indirect SFRC CAD composites have been
tested to investigate their mechanical, optical, surface, and
bonding properties [21, 23, 25]. Moreover, their fracture
behavior when used as inlay-retained FPDs has resulted in
encouraging outcomes [26]. However, up to now, there are
no available data on the load-bearing capacity of SFRC CAD
when used as conventional three-unit FPDs in the posterior
region.

It is noteworthy that studies comprehensively combining
both load-bearing capacity and wear characteristics remain
remarkably limited in the literature. Therefore, in this study,
we aimed to bridge this gap by evaluating the load-bearing
capacity of FPDs before and after cyclic fatigue aging and
the wear properties of the tested materials simultaneously.
The suggested hypothesis was that both the material type
and aging procedure would have no impact on the fracture
behavior and wear characteristics of the FPDs.

MATERIAL AND METHODS

The materials used in this study are listed in Table 1.
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FIGURE 1 Pictures showing the zirconia
model, the specimen before and after milling
process, and loading test setup. Loading was
applied vertically between the triangular ridges
of the lingual and buccal cusps.

Fabrication of FPD specimens

To create the FPD restoration model, a zirconia model was
cut from a pre-sintered zirconium oxide blank (Zirconia Pret-
tau VR 95H22; Zirkonzahn ) using a CAD/CAM device
(5-TEC; Zirkonzahn ). The framework design resembled a
three-unit full-coverage FPD from the second premolar to the
second molar to replace the missing first molar (Figure 1).
The abutments were made with 1.5-mm axial shoulder reduc-
tions in accordance with the cemento-enamel junction. The
axial reduction was measured from the preparation margins,
and then a 2 mm occlusal reduction was conducted, keeping,
a 10 mm distance between the two abutments, as it sim-
ulated the crown dimension of the mandibular first molar.
A digital impression of the zirconia model was acquired
using another dental CAD/CAM device (CEREC Omnicam
AC; Dentsply Sirona). Consequently, a three-unit FPD was
designed, encompassing the area from the second premolar to
the second molar to replace the missing first molar, measur-
ing 9.5 mm in buccolingual width and 10 mm in mesiodistal
width (Figure 1).

A total of 24 FPDs were allocated to two groups (lithium-
disilicate and SFRC; n = 12/group) according to their
fabrication materials. FPDs made of lithium-disilicate CAD
blocks underwent the crystallization process in a ceramic
oven (Programat P310; Ivoclar Vivadent ) following the
manufacturer’s guidelines. Finishing and polishing proce-
dures for all FPDs were carried out in accordance with the
manufacturer’s provided instructions.

Prior to luting, the internal surface of all FPDs was acid
etched (<5%) using hydrofluoric acid (IPS Ceramic etching
gel; Ivoclar Vivadent) for 20 s, followed by rinsing, air-drying,
and the application of primer (G-Multi Primer; GC).

The FPDs were then cemented to the abutment with dual-
cure resin cement (G-Cem One; GC). A hand-light curing

Onal Sciences

unit (Elipar TM S10, 3 M ESPE) was then employed for
light curing from all directions, with each segment receiving
20 s of exposure (the light wavelength ranged from 430 to
480 nm, and the light intensity was 1600 mW/cm?). The
light source was positioned in close proximity to the crown
surface.

Fracture load test

Half of the FPDs per group (n = 6) were exposed to cyclic
fatigue aging before undergoing a static fracture load test.
The zirconia model was positioned securely in a water bath
(room temperature) and placed in a universal testing machine
7010 (Zwick/Roell). The FPDs underwent a series of dynamic
mechanical loading cycles, totaling 100,000 cycles, where a
maximum force of 500 N was applied for 20 s at a frequency
of 1.2 Hz. Specimens were immersed under water during
cyclic aging for one week. The other half of the FPDs in each
group (n = 6/group) were subjected directly to a quasi-static
load. This load was directly applied using a universal testing
machine (Lloyd model LRX; Lloyd Instruments) at | mm/min
speed. The loading was vertically applied between the tri-
angular ridges of the buccal and lingual cusps, as shown in
Figure 1, using a metal ball with a diameter of 5 mm. The
loading event was recorded until the restoration fractured,
indicated by a significant drop in the load-deflection curve
(Figure 4).

Two-body wear test
Block-shaped specimens of each material, measuring 14 mm

in length, 12 mm in width, and 2 mm in thickness, were
immersed in water at 37°C for one day. A two-body wear
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FIGURE 2 Standard deviation and mean values of load-bearing

capacity (N) of tested fixed partial dentures both before and after cyclic
fatigue aging. Different letters indicate statistically significant
differences between groups. CAD, computer-aided design; SFRC, short
fiber-reinforced composite.

test was conducted using a chewing simulator (CS-4.2; SD
Mechatronik) equipped with two chambers to simulate hori-
zontal and vertical movements simultaneously, all submerged
in water. In each chamber, an upper specimen holder secured
the loading tip with a screw, and a lower specimen holder
made of plastic housed the embedded specimen to be used as
antagonistic wear material. The upper specimen holders con-
tained manufacturer-standard loading balls (Steatite ball, @
6 mm) embedded in acrylic resin, securely fastened with a
screw. For each experiment, a new ball was used.

The wear test involved a 2 kg weight, equivalent to a
chewing force of 20 N, with 15,000 loading cycles at a fre-
quency of 1.5 Hz. After each test, the wear patterns on the
surface of each specimen (n = 6) were analyzed using a
three-dimensional non-contact optical profilometer (Bruker
Nano ) with Vision64 software (Bruker Nano ). From various
points on the surface, the maximum wear depth values (um)
were measured, representing the average of the deepest points
obtained from all profile scans.

Microscopic analysis

All FPD specimens were first cleaned properly in an ultra-
sonic bath, then dried and subsequently coated with a
gold layer using a sputter coater in a vacuum evaporator
(BAL-TEC SCD 050 Sputter Coater) to prepare them for
observation. Images of scanning electron microscopy (SEM)
(LEO) were used to show the effect of loading on the
investigated materials under 30, 250, 500, 1000, and 2500
magnification, and materials surfaces after the two-body wear

test under 50, 500, and 5000x magnification. Analysis of the
steatite ball of the chewing simulator was applied using SEM
under 30x and 200X magnification to compare the effect of
tested materials on the ball surface, which resembles enamel.

Statistical analysis

Statistical analysis of the data was performed using a two-
way analysis of variance (ANOVA) followed by the Tukey
HSD test (a« = 0.05) to assess the differences between the
load-bearing capacity of tested FPDs using SPSS version 27
(SPSS, IBM Corp). Load-bearing capacity was the dependent
variable, and material type and aging procedure were the inde-
pendent variables. One-way ANOVA was used for wear and
Levene’s test of equality and error variances was used to test
for normal variation in outcomes.

RESULTS

The mean values of fracture load with the standard deviation
of the tested FPDs before and after fatigue aging are presented
in Figure 2. Levene’s test revealed that the error variance of
the dependent variable was equal across groups where the
load-bearing capacity was the dependent variable. ANOVA
demonstrated that material type and aging had a significant
effect (p < 0.05) on the fracture load values of the FPDs.
The experimental SFRC CAD specimens resulted in the
highest load-bearing capacity before aging (2096 + 149
N) (p < 0.05), while the lithium-disilicate group showed
the lowest value (1170 + 226 N) (p < 0.05). In a direct
comparison of each material before and after cyclic fatigue
aging, ANOVA results revealed that after applying cyclic
fatigue aging, there was a decrease (p < 0.05) in the fracture
load value of FPDs made of the experimental SFRC CAD
(1709 + 188 N) as shown in Figure 2. However, the fracture
load results of FPDs made of lithium-disilicate CAD after
aging increased (p < 0.05) (1546 + 155 N) in comparison
with the same material without aging.

Upon visual inspection (Figure 3), the specimens exhib-
ited irreparable cracking fracture patterns in the connector
region of FPDs of both groups. Despite the presence of numer-
ous cracks, the individual components of the specimens were
not detached from one another. Figure 4 displays the load—
deflection curves of the specimens before and after fatigue
aging, with the SFRC CAD FPDs showing a good capacity to
endure loads prior to fracturing.

Figure 5 shows SEM images of the fractured FPDs. Anal-
ysis of the experimental SFRC CAD specimens shows how
the crack line propagated and how the fibers attenuated the
crack in such a way that its width is decreased, and the
propagation is hindered by the fiber pullout and bridging
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FIGURE 3 Fracture patterns of the tested fixed partial dentures.
The top photo shows a fractured specimen subjected to quasi-static

loading before aging; the lower photos show the cracking fracture
pattern of a specimen subjected to cyclic fatigue aging.

mechanisms. The lithium-disilicate specimens demonstrate
the typical characteristics of a radial fracture pattern, which is
commonly associated with brittle materials. The cracks tend
to be linear, straight, and have sharp edges.

Mean values for wear depth recorded for both materi-
als following 15,000 chewing simulation cycles is shown in
Figure 6. The data demonstrate that lithium-disilicate spec-
imens displayed a mean wear depth of 54.2 ym, indicating
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FIGURE 4 Load-deflection curves of typical lithium-disilicate
and short fiber-reinforced composite (SFRC) specimens before and
after fatigue aging. A.A, after aging; B.A, before aging.

greater depth compared to the SFRC CAD with a mean wear
depth of 29.3 ym (p < 0.05).

Representative SEM images of the wear facets for lithium-
disilicate and SFRC CAD are shown in Figure 7A,B. The wear
facet of lithium-disilicate (Figure 7A1) exhibits a larger size
compared to the SFRC CAD facet (Figure 7B 1), as evidenced
by vertical diameter measurements of 1.556 and 1.116 mm,
respectively. This disparity in size occurs even though both
facets were subjected to identical loading balls with equiva-
lent weights. The facet surfaces appear to have some variation
in texture, with the lithium-disilicate CAD showing smooth
scratches running through the length of their wear tracks.
Figure 7B2,B3 illustrate that the microfibers of the SFRC
CAD had not protruded, but were polished down together with
the composite matrix, leaving an almost even, smooth surface.

Analysis of the steatite ball of the chewing simulator
(Figure 8A1,A2,B1,B2) shows wider boundaries of wearing
facet in the ball used as an antagonist with the lithium-
disilicate specimens (1.403 mm for the x-axis, and 1.588 mm
for the y-axis; Figure 8A1), while the facet size in the ball
used as an antagonist to the SFRC CAD specimen was smaller
(0.887 mm for the x-axis, and 1.100 mm for y-axis; Figure 8
B1).

DISCUSSION

Fracture load is one of the most critical factors in determining
the long-term durability of restorations. In this particular
study, quasi-static loading of specimens and cyclic aging
has been employed to simulate clinical conditions and
provide predictions of their long-term success. Based on
our results, the fracture resistance of both tested materials
either before or after aging exceeded the average occlusal
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(A) SFRC CAD FIGURE 5 Scanning electron microscope
images of the specimens after fracture. (A) Short

fiber-reinforced composite computer-aided design
(SFRC CAD) specimens illustrating the crack pathway.
Images display multiple instances of fiber pullout and
bridging, leading to the final crack arrest by short
fibers (arrows). Magnifications: top left, 30X; top
right, 250x; middle left, 500x; middle right, 1000x;
bottom left, 1000x; bottom right, 2500x. (B)
Lithium-disilicate CAD illustrating typical

characteristics of radial brittle fracture pattern with
sharp edges. Magnifications: top left, 250x; top right,
500x; bottom left, 1000x; bottom right, 2500x.
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FIGURE 6 The average of maximum wear depth (#m) and

standard deviations (bars) of lithium-disilicate computer-aided design
(CAD) and short fiber-reinforced composite (SFRC) CAD specimens,
and typical 2D surface profiles of the wear trace after wear tests.

force in the posterior region (approximately 800 N) [27]. As
mentioned in the results, SFRC CAD FPDs showed higher
fracture resistance values before and after cyclic fatigue aging
compared to lithium-disilicate FPDs, and the aging process
significantly affected the load-bearing capacity of the tested
FPDs (Figure 2). Therefore, the hypothesis that material type
and aging process have no effect on the fracture resistance of
the FPDs cannot be accepted.

One explanation of our results could be due to the typically
higher elasticity and toughness of SFRC CAD compared to
lithium-disilicate ceramics (Figure 4), which allows the SFRC
CAD to absorb and distribute forces more effectively. The
experimental SFRC CAD had an average fracture toughness
of 2.9 MPa m'?, while the value reported for lithium-
disilicate CAD (e.max CAD) in the literature is approximately
1.88 MPa m!/? [26, 28-30]. This property helps in the pre-
vention of crack propagation and reduces the likelihood of
catastrophic failure. In contrast, lithium-disilicate ceramics
are relatively more brittle and can be prone to cracking or
fracturing when subjected to sudden or excessive forces [26,
28]. Our results are in line with previous research which
has explained the possible causes behind higher load-bearing
capacity of SFRC composite compared to ceramic FPDs.
These studies showed that the resiliency of composite FPDs
enables them to endure the impact of loading [26, 29].
This is achieved by effectively dispersing destructive fracture
energy and undergoing a higher degree of elastic deformation
before experiencing failure. From a fractographic perspec-
tive, the action of fiber pulling and bridging in SFRC CAD
successfully redirected and/or arrested the propagation of
cracks (Figure 5A). Thus, the reinforcing mechanism can be
attributed to the absorption of fracture crack energy. In con-

trast, ceramic FPDs, being stiffer in nature, possess a relatively
lesser capacity to diffuse fracture energy and undergo elastic
deformation, making them more prone to the brittle type of
failure under similar loading conditions [26].

Fatigue forms, such as repetitive mechanical loading, sig-
nificantly impact the fracture resistance of the examined
FPDs. However, in our study, the changes significantly var-
ied according to the material used. There was a significant
decrease (p < 0.05) in the fracture resistance of the SFRC
CAD FPDs after cyclic fatigue aging, while the opposite sce-
nario was observed in the lithium-disilicate group, in which
there was an increase (p < 0.05) after aging in the fracture
resistance. This is consistent with the findings of Schultheis
et al. [31], who found, when examining the impact of fatigue
on the fracture load of monolithic lithium-disilicate CAD pos-
terior three-unit FPDs, that load-bearing capacity increased
after aging (1900 N) compared to before aging (1298 N).
The possible reason is that repeated cyclic loading in an
aqueous environment could induce microstructural changes
to the material’s properties. These changes may include
precipitation or redistribution of reinforcing phases within
the lithium-disilicate material, thereby improving its fracture
resistance. Moreover, cement plasticization allows for better
stress distribution, reducing the likelihood of material failure
or fracture under functional loads, and ultimately increasing
the overall fracture resistance.

Even when subjected to forces exceeding normal mastica-
tory forces, there were no indications of adhesive failure in
any of the FPDs, both before and after aging. This suggests the
high effectiveness of bonding. The bonding between the lut-
ing resin and CAD/CAM materials is a result of a synergistic
combination of chemical bonding, promoted by primer use,
and micromechanical retention accomplished through acid
etching [25].

Consistent with previous studies, the fracture of our FPD
specimens occurs in the connector region due to the concen-
tration of stress in this specific area, regardless of the material
used [32, 33]. In FPDs, an even distribution of compressive
stress occurs in the occlusal embrasure, while tensile stress is
distributed in the gingival embrasure. The stress distribution
can be improved by using broadly curved connectors instead
of sharply curved ones. As a result, FPDs with sharper con-
nectors have a higher failure rate [34]. According to Oh et al.
[35], the fracture resistance of all-ceramic FPDs is signifi-
cantly influenced by the radius of the connector curvature at
the gingival embrasure.

Although the loading cycles were identical in terms of
number, frequency, and chewing force, the wear behavior
of the tested CAD/CAM blocks varied based on the mate-
rial type (Figure 6). SFRC CAD showed lower wear depth
than lithium-disilicate, and as seen in a previous study [23],
microfibers were polished down together with the compos-
ite matrix. Lithium-disilicate CAD exhibits wear tracks with
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Scanning electron microscope images showing wear facets of lithium-disilicate computer-aided design (CAD; A1-3) and short

fiber-reinforced composite (SFRC) CAD (B1-3) specimens, with different magnifications (A1, B1: 50x; A2, B2: 500x; A3, B3: 5000x).

smooth, elongated scratches. These scratches are character-
ized by parallel and fine lines that extend along the length
of the wear track. The smooth scratches are seen due to the
fineness of the crystalline structures of the lithium-disilicate
CAD, which result in fine scratches. Our findings align with
a previous study [36], although making a direct comparison
could be difficult due to the difference in material-antagonist
combinations. In that study [36], resin CAD/CAM materials
exhibited satisfactory wear resistance, while lithium-disilicate
CAD showed indications of abrasive wear. Conversely, other
studies presented entirely contradictory outcomes [37, 38],
where composite blocks exhibited greater wear volume loss
compared to glass-ceramic materials. Those findings were
attributed to the comparatively lower hardness of compos-
ites in comparison to the other ceramic CAD/CAM examined
in the investigations. However, a previous study indicated

that there is a limited correlation between microhardness and
abrasive wear, specifically in ceramic materials [39]. The
inconsistency in these findings can be linked to variations in
wear test conditions and the utilization of different antagonist
materials.

Chewing simulators used for wear assessment have
employed a range of materials as antagonists, including
enamel, ceramics, polymers, and metals. In our research, we
utilized a steatite-ceramics ball as the antagonist. This ball is
composed of magnesium meta silicate and designed to pos-
sess desirable characteristics such as having a non-porous
homogenous internal microstructure, being tough, dense, and
hard [40]. Vicker’s hardness of the steatite ball is 520-550
Hv [40], which is nearly similar to that of IPS e.max (591.4
Hv) [41]. Therefore, due to the positive correlation between
the counterface surface hardness and the friction coefficient,
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FIGURE 8 Scanning electron microscope images of steatite balls used in wear tests with a chewing simulator. (A1,2) Ball used as antagonist
with lithium-disilicate specimens (A1, 30x; A2, 200x). (B1,2) Antagonist ball used with short fiber-reinforced composite computer-aided design

(SFRC CAD) specimens (B1, 30x; B2, 200x).

the interaction of two ceramic surfaces with higher hardness
can result in significant surface wear. This wear is primarily
attributed to the increased hardness, and to frictional and abra-
sive forces [42, 43]. This is the most plausible explanation for
the observed wear results. In line with these findings, when
the antagonist wear was also examined, it was noticed that
the size of the wear facet of the steatite ball was bigger when
lithium-disilicate was used than when SFRC CAD was tested.
Notably, the vertical dimensions of wear facets on the spec-
imens and steatite antagonist were highly similar (Figures 7
and 8).

The steatite antagonists exhibited average wear that was
found to be lower than the natural wear of tooth enamel [44].
Despite not being regarded as the optimal material in rela-
tion to diverse physical properties, incorporating steatite as
an antagonist in the in vitro wear tests could yield an unbi-
ased test outcome [45]. Utilizing natural tooth enamel as an
antagonist might generate a wear outcome that better emulates
clinical conditions; however, the preparation of tooth enamel
antagonists poses challenges due to obstacles in attaining
uniformity and shaping.

Various factors, such as temperature, masticatory forces,
and moisture, can impact the materials’ fracture load. Fur-
thermore, it is known that laboratory tests cannot accurately
simulate the exact wear conditions experienced by restorative
materials clinically [46]. Hence, it is essential to take these

variations into account when conducting in vitro studies to
extrapolate the findings to clinical settings; moreover, to gain
a comprehensive understanding of the material’s performance
in clinical settings, additional studies are required.

The results of this study have been considered within the
context of certain limitations, the number of groups used is
one of them since this could affect the generalizability and the
variability of the results. Moreover, the used zirconia model
could not completely mimic the clinical situation, due to its
rigid nature, and elevated elastic modulus surpassing that
of dentin. Lastly, the number of cycles applied in the frac-
ture load test (100,000 cycles) doesn’t correspond to a long
simulated clinical service time.

Considering the limitations of this in vitro study, the find-
ings indicate that the experimental SFRC CAD exhibits the
highest load-bearing capacity both before and after cyclic
fatigue aging. Moreover, it yielded enhanced wear behavior
in comparison to the lithium-disilicate control material.
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