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Abstract

Purpose: To evaluate the fracture behavior of inlay-retained fixed partial dentures (IRFPDs) made of experimental short
fiber-reinforced composite (SFRC) computer-aided design/computer-aided manufacturing (CAD/CAM) block before and
after cyclic fatigue aging.

Methods: Five groups (n=20/group) of three-unit posterior IRFPDs were fabricated. The first and second groups were
CAD/CAM fabricated from experimental SFRC blocks or lithium-disilicate (IPS e.max CAD, IVOCLAR) materials, the third
group comprised a three-dimensional-printed composite (Temp PRINT, GC), and the fourth and fifth groups comprised
conventional laboratory flowable composite (Gradia Plus, GC) and commercial flowable SFRC (everX Flow, GC), respec-
tively. All IRFPDs were luted into a metal jig with adhesive dual-cure resin cement (RelyX Ultimate, 3M ESPE). Half the
IRFPDs per group (n=10) were subjected to fatigue aging for 10,000 cycles. The remaining half were statically loaded until
fracture without fatigue aging. The load was applied vertically between triangular ridges of the buccal and lingual cusps.
The fracture mode was visually examined using optical and scanning electron microscopy (SEM). Data were statistically
analyzed using a two-way analysis of variance (ANOVA) followed by Tukey’s HSD test.

Results: ANOVA revealed that IRFPDs made of experimental SFRC CAD/CAM had the highest (p<0.05) load-bearing capac-
ity before (2624+463 N) and after (2775£297 N) aging among all groups. Cyclic fatigue aging decreased the load-bearing
capacity (p>0.05) of all tested prostheses, except for the experimental SFRC CAD/CAM and conventional laboratory com-
posite IRFPDs (p>0.05). SEM images showed the ability of discontinuous short fibers in the experimental SFRC CAD/CAM
composite to redirect and hinder crack propagation.

Conclusion: CAD/CAM-fabricated IRFPDs made of experimental SFRC blocks showed promising performance in clinical
testing in terms of fracture behavior.
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1. Introduction as they are smaller than complete coverage substitutes[3]. Continu-
ous progress in processing technologies and material properties is
an attempt to overcome these drawbacks. Therefore, proper selec-

tion of the restorative material is essential, especially in the posterior

A wide variety of restorative techniques and materials are avail-
able to restore a single missing tooth, ranging from conventional

crown-retained fixed partial dentures (FPDs) to dental implants[1].

As the need for conservative treatment options with minimal
tooth preparation is growing, interest in resin-bonded FPDs with
partial coverage retainers, such as surface or inlay-retained FPDs, has
increased. These dentures can preserve the intact tooth structure
with minimal intervention[2], and patients can avoid surgical proce-
dures and high costs of dental implants. However, partial-coverage
restorations may have an increased risk of fracture and de-bonding
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region, as the material of choice plays a crucial role in the biome-
chanical distribution of stresses and, subsequently, the clinical lon-
gevity of the restoration[4].

The most commonly used materials for fabricating inlay retained
fixed partial dentures (IRFPDs) are metal ceramics, all-ceramics, and
composites[3]. Despite the favorable performance of metal-ceramic
IRFPDs, these restorations have some drawbacks, such as reduced
translucency, ceramic chipping, and debonding between the metal
and overlying ceramics. Consequently, other materials can achieve a
certain degree of popularity in the fabrication of FPDs[3].

All-ceramic restorations are one of the most commonly used
treatment options, mainly when esthetics is of utmost importance;
they have perfect biocompatibility with the surrounding tissue and


https://doi.org/10.2186/jpr.JPR_D_22_00050
mailto:enas.mangoush@utu.fi

2 L. Lassila, etal./J Prosthodont Res. 2022; *¥(*¥); ¥**x_xxxx

Table 1. Materials used in the study.

Material (type) Manufacturer

Composition (Wt%, vol%)

SFRC CAD (CAD/CAM)
IPS e-max CAD (CAD/CAM)

Experimental

Ivoclar Vivadent AG,
Schaan Liechtenstein

TEMP PRINT medium (3D printed)
Gradia Plus (Conventional laboratory) GC Corp, Tokyo, Japan
everX Flow (SFRC/Chair-side)

GC Corp, Tokyo, Japan

GC Corp, Tokyo, Japan
46 vol%)

UDMA, TEGDMA, Short glass fiber (200-300 pm & @7 pum), Barium glass 77 wt%

Silicon dioxide 57-80 wt%, Lithium oxide 11-19 wt%, Potassium oxide 0-13 wt%,
Phosphorus oxide 0-11 wt% and other oxides (70 vol%).

UDMA, dimethacrylate, inorganic silica fillers < 25 wt%
UDMA, dimethacrylate, inorganic fillers (71 wt%), Prepolymerized fillers (6 wt%)
Bis-EMA, TEGDMA, UDMA, Short glass fiber (200-300 um & @7 pm), Barium glass (70 wt%,

TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate; Bis-EMA, Ethoxylated bisphenol-A-dimethacrylate; wt%, weight percentage;

vol% volume percentage.

favorable optical properties[5,6]. However, they have drawbacks
such as brittleness and tendency toward catastrophic failures, which
are difficult to repair, and they cause wear to the opposing natural
teeth if not appropriately polished[7]. For instance, clinical studies
have shown that lithium-disilicate IRFPDs have a low probability of
survival (5-year survival rate was 57%, 8-year survival rate decreased
dramatically to 38%, and 15-year survival rate was 22%)[3,7]; how-
ever, the material has been developed extensively since then, which
may influence the significance of these findings.

These clinical complications have been the mainstay of at-
tempts to develop alternative materials with improved mechani-
cal properties. Composite computer-aided design/computer-aided
manufacturing (CAD/CAM) blocks are an alternative technique used
to fabricate indirect restorations. A major advantage of composite
CAD/CAM over light-polymerized conventional composites is the in-
tensified monomer conversion attained through the high-pressure
and high-temperature polymerization process[8]. Composites cause
less wear on cutting equipment and are less susceptible to chipping
during milling than ceramic CAD/CAMI9]. Furthermore, the com-
posite CAD/CAM restoration repair process is more straightforward
than that of ceramic restorations[8]. However, major concerns exist
regarding their long-term clinical performance, as their mechanical
properties are inferior to ceramics[10].

Short fiber-reinforced composites (SFRCs) have been developed
to improve the mechanical properties of conventional particulate-
filled composites and decrease complications that might negatively
affect the long-term clinical success[11-13]. Experimental SFRC CAD/
CAM composites have previously demonstrated promising perfor-
mance when their mechanical, optical, surface, and bonding proper-
ties have been tested[14-16]. Concurrently, no data are available on
the fracture behavior of this material when it is used to fabricate IRF-
PDs. Therefore, the present study aimed to assess the fracture behav-
ior of IRFPDs made of SFRC CAD/CAM composites before and after
cyclic fatigue aging compared with commercially available lithium-
disilicate CAD/CAM, 3D-printed composites, conventional laboratory
composites, and flowable SFRC composites. It was hypothesized that
both the material type and aging procedure have no effect on the
fracture behavior of the tested IRFPDs.

2. Materials and Methods
The materials used in this study are listed in Table 1.
2.1. Fabrication of IRFPD specimens

One hundred laboratory-made IRFPDs with the same dimen-
sions were fabricated using a cobalt-chromium model (Fig. 1). The

Fig. 1. Photographs of metal model, test specimen, and loading test setup.
The mesio-occlusal inlay preparation on the 2"4 molar (step: 4x2 mm; box:
3x5 mm; depth: 1.5 mm) and the disto-occlusal inlay preparation on the 2"d
premolar (step: 3x2 mm; box: 2.5x3 mm; depth: 1.5 mm), with a 2-mm free
space underneath the pontic.

designed metal model was cut from a cobalt-chromium blank (Sin-
termetall, Zirkonzahn GmbH, Taufers, Italy) using a CAD/CAM device
(5-TEC, Zirkonzahn GmbH). The model was sintered in a furnace
(Zirkonofen 700/UV, Zirkonzahn GmbH) according to the manufac-
turer’s instructions. The mesio-occlusal inlay preparation (5° taper)
on the second molar (step: 4x2 mm; box: 3x5 mm; depth: 1.5 mm)
and the disto-occlusal inlay preparation on the second premolar
(step: 3x2 mm; box: 2.5x3 mm; depth: 1.5 mm) were prepared. A
distance of 10 mm was maintained between the two abutments, as
it simulated the crown dimension of the mandibular first molar. A
digital impression of the metal model was obtained using another
dental CAD/CAM device (CEREC Omnicam AC, Dentsply Sirona, York,
PA, USA). A three-unit IRFPD from the second premolar to the second
molar, replacing the missing first molar (9.5 mm buccolingual and 10
mm mesiodistal width), was designed (Fig. 1).

A total of 100 single-structure IRFPDs were allocated to five
groups (n=20/group) according to their fabrication methods and ma-
terials. The groups were as follows: specimens in the first group were
experimental SFRC CAD/CAM blocks, the second group comprised
specimens made of lithium-disilicate ceramic (CEREC) CAD/CAM (IPS
e.max CAD, IVOCLAR), the third group comprised specimens made of
3D-printed composite (Temp PRINT, GC) using a digital light process-
ing printer (Asiga Max UV, Asiga), and specimens in the fourth and
fifth group were manually made by a build-up of conventional labo-
ratory composite (Gradia Plus, GC) and flowable SFRC (everX Flow,
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Table 2. Mean values of load-bearing capacity (N) and standard deviation (SD) of tested IR-
FPDs before and after cyclic fatigue aging. Same letters indicate no statistical significant dif-

ferences between groups.

SFRC CAD e-maxCAD TEMPPRINT GradiaPlus  everX Flow
Beforeaging 2624 +4639 2288 +401°¢ 1450 172 1427 £409° 2521 +371<d
After aging 277542979 2086 +£366°¢ 1134 £1912 1599 +£3972b 2404 +357°d
GC) composites, respectively. For groups 4 and 5, a transparent tem- 000 5553'555;"3

plate matrix (Memosil 2, Heraeus Kulzer GmbH) of an IRFPD was used
to aid the fabrication of standardized restorations. First, the compos-
ite was injected into the template through three holes where the tip
of the composite syringe was inserted, and the IRFPD specimen was
molded. This was followed by light-curing (through the transparent
silicone template) from all directions using a hand-light-curing unit
(Elipar DeepCure-L, 3M ESPE) for 40 s per segment (light wavelength
of 430-480 nm and light intensity of 1240 mW/cm?). The light source
was placed in close contact (1-2 mm) with the surface of the compos-
ite. The IRFPD specimens were then removed by cutting the silicone
template horizontally with a scalpel. According to the manufactur-
er’s instructions, the Gradia Plus restorations were polymerized in a
light-curing oven (Targis Power, lvoclar Vivadent) for 20 min.

Before cementation, the inner surface of e.max CAD IRFPDs was
acid-etched (<5%) using hydrofluoric acid (IPS Ceramic etching gel,
Ivoclar Vivadent) for 20 s, followed by washing, air-drying, and the
application of a universal bonding agent (Scotchbond Universal, 3M
ESPE). The inner surfaces of the other IRFPDs were only treated with
a universal bonding agent. The restorations were then cemented to
sandblasted metal abutments using a dual-cure resin cement (RelyX
Ultimate, 3M ESPE). After removal of the excess material, light-curing
was performed in all directions for 40 s using Elipar DeepCure-L.
Prior to fatigue aging and testing, all the crowns were stored dry for
24 h at 37°C.

2.2. Fracture load test

Half of the IRFPDs in each group (n=10) were subjected to cyclic
fatigue aging prior to the static fracture load test. The metal model
was fixed in a water bath and placed in a universal testing machine
Z010 (Zwick/Roell, Ulm, Germany). The IRFPDs underwent 10,000
cycles of mechanical dynamic loading with a force of magnitude
Fmax=500 N for 20 s and a frequency of 1.2 Hz. After cyclic fatigue
aging, a quasi-static load was directly applied to the other half of the
IRFPDs in each group (n=10/group) using a universal testing machine
(Lloyd model LRX, Lloyd Instruments Ltd, Fareham, UK) at a speed
of T mm/min. Loading was applied vertically between the triangu-
lar ridges of the buccal and lingual cusps (Fig. 1) using a metal ball
(@5 mm). The loading event was registered until the restoration frac-
tured (final drop in the load-deflection curve), and two investigators
analyzed the fracture mode for each IRFPD specimen.

2.3. Fracture mode analysis

The fracture mode of the IRFPDs was observed both visually
and under a stereomicroscope (Heerbrugg M3Z, Heerbrugg, Swit-
zerland) with different illumination angles and magnifications (6.5
and 15x). Two independent examiners agreed on the failure type,
location, and direction. For fractographic evaluation, representative
fractured IRFPD specimens were examined using scanning electron
microscopy (SEM) (LEO, Oberkochen, Germany). All specimens were

3.000

SFRC CAD e-max CAD TEMP PRINT Gradia Plus everX Flow

Fig. 2. Boxplot representing load-bearing capacity (N) values of tested IRF-
PDs before and after cyclic fatigue aging. Outliers’ data points are presented
by (o).

cleaned with ethanol and then coated with a gold layer using a sput-
ter coater in a vacuum evaporator (BAL-TEC SCD 050 Sputter Coater,
Balzers, Liechtenstein) prior to observation. The analysis started from
the edge of the fractured IRFPD specimens from the upper loading
surfaces to the inner structures.

2.4. Statistical analysis

Statistical analysis of the data was performed using a two-way
analysis of variance (ANOVA) followed by the Tukey honestly signifi-
cant difference test HSD (a=.05) to assess the differences between
the ultimate failure load of the IRFPDs of the groups using SPSS ver-
sion 23 (SPSS, IBM Corp., NY, USA). Fracture load values were the
dependent variables, while the material type and aging procedure
were the independent variables. Levene's test was used to test for
normal variation in outcomes.

3. Results

The mean values of the load-bearing capacity with the standard
deviation of the tested IRFPDs before and after cyclic fatigue aging
are shown in Table 2 and Figure 2. Levene’s test revealed that the
variances were homogenous and equal across groups. ANOVA dem-
onstrated that only the material type had a significant effect (p<0.05)
on the load-bearing capacity values of the IRFPDs. The experimental
SFRC CAD/CAM specimens exhibited the highest load-bearing ca-
pacities before and after aging among the tested groups. However,
there was no significant difference (p>0.05) between the everX Flow
group before and after aging and the e-max CAD group before aging
(Table 2, Fig. 2).

After cyclic fatigue aging, the load-bearing capacity values of
the experimental SFRC CAD/CAM and conventional laboratory com-
posite (Gradia Plus) IRFPDs increased (p>0.05), whereas in the other
three groups, the load-bearing capacity values decreased slightly
after aging (p>0.05) (Table 2). The data revealed that after applying
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SFRC CAD e-max CAD TEMP PRINT  Gradia Plus everX Flow

Fig. 3. Percentage and photographs of various fracture patterns of the res-
torations. (A) refers to crushing fracture, (B) refers to cracking fracture, and (C)
refers to chipping fracture.

cyclic fatigue aging, the difference between the load-bearing capac-
ity of SFRC CAD/CAM IRFPDs and e-max CAD IRFPDs was statistically
significant (p<0.05) (Table 2). No statistically significant differences
(p>0.05) were found between IRFPDs made of the 3D-printed com-
posite (Temp PRINT) and conventional laboratory (Gradia Plus) com-
posite before and after cyclic fatigue aging (Table 2). None of the
restorations failed adhesively, despite the application of high load-
ing forces. Visual inspection of the specimens revealed three differ-
ent IRFPD fracture patterns (Fig. 3). Crushing fracture pattern (Fig.
3A) occurred predominantly in the 3D-printed composite, conven-
tional flowable composite, and lithium-disilicate CAD/CAM IRFPDs
groups. This type is a catastrophic fracture that cannot be repaired,
where the pontic is completely crushed. Cracking (irreparable, Fig.
3B) and chipping (repairable, Fig. 3C) fracture patterns were domi-
nant in the experimental SFRC CAD/CAM IRFPD group. In the crack-
ing fracture, the specimen parts were not separated from each other,
although many cracks were present, this type of fracture type oc-
curred in more than 80% of specimens of the flowable SFRC IRFPDs.

Figure 4 shows the stereomicroscope and SEM images of the
fractured parts of the experimental SFRC and lithium disilicate CAD/
CAM IRFPDs. The experimental SFRC CAD/CAM specimen images
(different magnifications) show how the crack line propagated and
was then deflected by fibers, which finally resisted further crack
propagation. The lithium-disilicate specimen images (different mag-

Fig. 4. Stereomicroscope and scanning electron microscopy images of the
fractured specimens (SFRC CAD/CAM specimen A1-5 and lithium-disilicate
specimen B1-5) observed under different magnifications (50, 100, 250, and
500x). Arrows (A4 and A5) indicate short fibers’ ability to re-direct and hin-
der crack propagation. (al) refers to arrest lines, (dcp) is the direction of crack
propagation (yellow arrows), and (th) refers to twist hackles.

nifications) show fracture markers, with arrest lines (al) that appear as
multiple concave lines representing the direction of the crack propa-
gation radially downwards. Moreover, the images show fine twist
hackles originating between the arrest lines.

4. Discussion

The present study showed that material type had a consider-
able effect, while aging had a non-significant effect on the fracture
behavior of the tested IRFPDs; therefore, the study hypothesis was
partially rejected.
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Our results demonstrate that the highest load-bearing capacity
values were obtained from the experimental SFRC CAD/CAM IRFPDs.
According to previous research, this likely interpretation could be
due to two factors. First, stress can transfer from the polymer matrix
to the glass fibers, leading to higher load-bearing capacity values.
Second, the glass fibers deflect the cracks individually in improving
the material fracture behavior, thereby increasing the energy needed
for crack propagation through the polymer matrix[17-23]. The results
showed lower load-bearing capacity values for the lithium-disilicate
CAD/CAM IRFPDs than for the experimental SFRC CAD/CAM compos-
ite, with a statistically significant difference after cyclic aging. These
results are in accordance with other studies, which stated that com-
posites could be more fatigue-resistant under cyclic fatigue loading
than some ceramic types such as feldspathic and lithium-disilicate,
especially when limited thickness is applied[24-26]. Furthermore,
they reported the probability of ceramic restorations manifesting in-
creased cyclic stresses when a cyclic loading test was applied under
wet conditions[26]. Composite FPDs are resilient and can withstand
loading by diffusing destructive fracture energy and undergoing
more elastic deformation before failure to a greater degree than
stiffer ceramic FPDs[27].

Furthermore, in a deeper look at the material properties level,
fracture toughness (FT), as explained by Lassila et al., is a mechani-
cal property that describes the resistance of brittle materials to the
catastrophic propagation of flaws under an applied load[12]. Thus, it
describes the damage tolerance of the material and can be consid-
ered a measure of fatigue resistance. For example, in our previous
study[15], experimental SFRC blocks exhibited a mean FT value of
2.9 MPa m"2, In comparison, the reported FT value of the lithium-di-
silicate CAD/CAM (e-max CAD) in the literature was around 1.88 MPa
m'/2; these values could also explain our results[28].

The variation in the load-bearing capacity values between the
experimental SFRC CAD/CAM and flowable SFRC composites, de-
spite having similar glass fiber contents, is probably due to the differ-
ences in the amount of particulate filler content. Glass barium parti-
cles were more abundantly available in the experimental SFRC CAD/
CAM (77 wt%) than in the flowable SFRC (70 wt%). Furthermore, the
experimental SFRC CAD/CAM was subjected to heat curing at a high
temperature and pressure. These optimum curing conditions can
improve polymer cross-linking and decrease the size and number of
internal defects, which consequently increases its load-bearing ca-
pacity[8,29].

Interestingly, the load-bearing capacities of the experimental
SFRC CAD/CAM IRFPDs were slightly higher than those of the same
material before aging. The placement of the specimens in the wa-
ter path during the aging process could potentially explain these
results. Under aqueous conditions, the composite matrix absorbs
water, which facilitates plasticization[30]. This phenomenon could
cause blunting and lower stress concentration owing to residual
compressive stress generation at the fatigue crack tips. Moreover,
it causes the release of accumulated tensile stress during polym-
erization shrinkage. These effects, either separately or combined,
can hinder crack propagation, which consequently results in higher
load-bearing capacity[30]. Our results are in line with those of other
studies by Takeshige et al. and Wendler et al., which revealed that
fatigue cracks in composites are less likely to be initiated in aqueous
environments; moreover, the propagation of fatigue cracks can be
retarded[30,31]. This possible hypothesis could also explain why the
aged laboratory conventional composites utilized in this investiga-

tion had higher load-bearing capacity than the non-aged group of
the same material. However, the plasticization effect on the fracture
properties of the composites is debatable, as other studies had dis-
similar findings; they showed that the aqueous environment causes
degradation of the polymer chain and compromises the composite
capacity to resist crack propagation[31,32]. Cyclic fatigue aging nega-
tively affected the load-bearing capacity values of the IRFPDs made
of lithium-disilicate CAD/CAM, 3D-printed composite, and flowable
SFRC composite groups. The 3D-printed composite used in this
study is intended for clinical interim use. It has a low content of inor-
ganic particulate fillers (<25 wt%); thus, it is not unexpected for it to
have the lowest load-bearing capacity after aging.

None of the IRFPDs failed adhesively although high loading
forces were applied, reflecting a sufficient level of bonding. Visual
analysis of the fracture behavior of the experimental SFRC CAD/
CAM IRFPDs revealed that cracking and chipping fracture patterns
were predominant (Fig. 3). In fractured specimens, clear surface and
subsurface damage was present at the occlusal area owing to the
loading process. However, there was no evidence of an association
between the damaged surfaces and primary origin of the crack. Ac-
cording to previous studies, the weakest link of the IRFPDs lies in the
connector region between the abutment and pontic, where most
fractures typically occur[33,34], which could also be the origin of
cracks in our specimens. The fracture path in the experimental SFRC
IRFPD specimens was blocked by discontinuous fibers, which acted
as stoppers and hindered further crack propagation (Fig. 4A); this
behavior is clearly visualized in SEM images. Fibers impede the ex-
tension of a crack and develop interlocking bridges behind the pro-
gressing crack, dissipating energy by fiber pullout, resulting in grace-
ful rather than catastrophic failure, which retains the original shape
of the restoration despite the presence of multiple cracks.

In lithium-disilicate ceramics, elongated disilicate crystals (70
vol%) are tightly interlocked and homogenously distributed within
the glass matrix; therefore, the crystals may hinder crack propaga-
tion. However, the cracks can still propagate through the glassy ma-
trix[35]. Visual examination showed that the fracture mode of the
lithium-disilicate IRFPD specimens was primarily catastrophic crush-
ing-like fractures. SEM images show a radial distribution of the crack
lines propagated from the loading area to the deeper structure (Fig.
4B). In the present investigation, the cracks in the lithium-disilicate
specimen appeared to originate from the connector area (Fig. 3) and
then propagated towards the loading area on the pontic.

Furthermore, a secondary crack emerged at the occlusal surface
of the pontic, indicating that the fracture path connected the weak-
est connector area with the occlusal loading area as a consequence
of the occlusal loading forces. Our findings are consistent with those
of other investigations[33,35-39], which showed that the connector
area in the lithium-disilicate IRFPD was the weakest part in which the
tensile stress peaked. Fractographic markers, such as twist hackle
and arrest lines, are clearly displayed in SEM images (Fig. 4B2-5). Ac-
cording to Scherrer et al., arrest lines are good indicators of the direc-
tion of crack propagation because the beginning of a crack event is
frequently located on the concave side of the first arrest line[40].

Normal masticatory loads range from 98 N to 450 N, whereas
the load on the FPDs during chewing varies between 125 and 290
N[27,41]. Almost all IRFPDs tested in this study under quasistatic load-
ing survived higher loading forces than the forces mentioned above.
However, restorations in the biological environment are affected by
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other factors, such as inconsistent pH, enzymatic and bacterial chal-
lenges, temperature changes, cement failure, and multiple loading
directions, which might collectively cause failure[41].

One of the limitations of the current study is the limited num-
ber of fatigue cycles although the same protocol was used previous-
ly[24]. The fatigue test in this study included a cyclic dynamic load-
ing applied for 10,000 cycles, which corresponds to a short simulated
clinical service time. However, the mechanical dynamic loading used
with a force of magnitude 500 N is considered a high force that is
not frequently reached in normal masticatory conditions. Further-
more, the cobalt-chromium models used in the present study were
not able to completely reproduce the complexity of the surrounding
tissue in the clinical situation as they are rigid and have an elastic
modulus higher than that of dentin. In addition, the absence of tooth
movement that would occur within the periodontal ligament could
affect the accuracy of our results and clinical predictability of the
tested materials. However, the cobalt-chromium model was chosen
because it helps standardize the restorations and makes the material
type the sole variable factor.

The effect of long-term water storage on the fracture behavior
of the tested material combinations has not been studied; however,
previous research has reported that water storage causes weaken-
ing and softening of the matrix due to water absorption by the resin
component[42].

Therefore, it is essential to emphasize that this in vitro study set-
up cannot directly reflect in vivo conditions with a far more complex
parameter setting. Using extracted teeth as abutments is preferable
for testing the fracture behavior of restorations, and when assessing
the material’s fracture properties, fatigue loading that simulates the
wear mechanism and temperature changes within the oral environ-
ment is preferable[42].

Thus, to mimic the clinical situation, fatigue with a greater num-
ber of cycles, long-term water storage, thermocycling, and loading
on extracted teeth should be considered in future research. Other
bridge designs, such as cantilever bridges, will provide a better un-
derstanding of the experimental material.

5. Conclusion
CAD/CAM-fabricated IRFPDs made of experimental SFRC blocks

have shown promising performance in clinical testing in terms of
fracture behavior.
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