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ABSTRACT

Objective: To evaluate the bond strength of different CAD/CAM materials to dentin with and without mechanical aging.
Material and Methods: Sixty human dentin specimens (4 mm height) were used, onto which blocks (4 mm height)
of the following materials were cemented: fiberglass (FC; FIBER CAD; Angelus), vitroceramic composite (BB; Brava
Block; FGM), and polyetheretherketone (PK; PEEK; JUVORA). Half of the specimens for each material were subjected
to mechanical aging (n=10). Subsequently, sticks (1 X1 mm) were prepared, subjected to the microtensile test (MPa).
Then, the fracture pattern was evaluated using a stereoscopic magnifying glass (50x). Additionally, a scanning electron
microscope was employed. Data were analyzed using a generalized linear model and Fisher’s exact test (¢=0.05).
Results: BB exhibited the highest bond strength values (28.39 + 7.49 MPa without aging; 29.89 + 7.28 MPa with aging),
while FC showed the lowest (18.18 + 5.26 MPa without aging; 18.46 + 2.73 MPa with aging) (p<0.05), regardless of
aging. PK showed intermediate values (24.73 + 5.17 MPa without aging; 21.89 + 7.41 MPa with aging). No significant
differences were observed between conditions with and without mechanical cycling (p>0.05). Conclusion: Within the
limitations of this in vitro study, the type of material influenced adhesive performance, while aging did not affect bond
strength. FC exhibited the lowest bond strength, with an increase in adhesive failures after aging.
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RESUMO

Objetivo: Avaliar a resisténcia de unido de diferentes materiais CAD/CAM a dentina com e sem o envelhecimento
mecanico. Material e Métodos: Sessenta espécimes de dentina humana (4 mm de altura) foram utilizados, sobre os
quais blocos (4 mm de altura) dos seguintes materiais foram cimentados: fibra de vidro (FC; FIBER CAD; Angelus),
compdsito vitroceramico (BB; Brava Block; FGM) e poliéter-éter-cetona (PK; PEEK; JUVORA). Metade dos espécimes de
cada material foi submetida ao envelhecimento mecanico (n = 10). Em seguida, palitos (1 X 1 mm) foram preparados
e submetidos ao teste de microtracdo (MPa). Depois, o padrdo de fratura foi avaliado com lupa estereoscdpica
(50%). Além disso, utilizou-se um microscépio eletronico de varredura. Os dados foram analisados por meio de um
modelo linear generalizado e do teste exato de Fisher (o = 0,05). Resultados: BB apresentou os maiores valores de
resisténcia de unido (28,39 + 7,49 MPa sem envelhecimento; 29,89 + 7,28 MPa com envelhecimento), enquanto o FC
apresentou os menores (18,18 = 5,26 MPa sem envelhecimento; 18,46 + 2,73 MPa com envelhecimento) (p < 0,05),
independentemente do envelhecimento. O PK apresentou valores intermediarios (24,73 = 5,17 MPa sem envelhecimento;
21,89 = 7,41 MPa com envelhecimento). Ndo foram observadas diferencas estatisticamente significativas entre as
condicoes com e sem envelhecimento mecénico (p > 0,05). Conclusao: Dentro das limitacoes deste estudo in vitro,
o tipo de material influenciou o desempenho adesivo, enquanto o envelhecimento néo afetou a resisténcia de unido.
FC apresentou a menor resisténcia de unido, com aumento de falhas adesivas apds o envelhecimento.
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INTRODUCTION

Adhesive failure in indirect restorations
remains a significant challenge in restorative
dentistry [1-4]. Mainly in the rehabilitation
of teeth with extensively destroyed coronal
structures, which require intraradicular retention
using fiber posts [4] or retention within the
walls of the pulp chamber, fabricated from
resin-based, ceramic, or hybrid materials [5,6].
Adhesive failures in such situations compromise
the longevity of restorations [7], leading to
retreatments, patient frustration, or even loss of
the dental element. Overall, the prognosis of an
extensively compromised tooth depends on the
characteristics of the remaining tooth structure,
such as the number and thickness of the walls,
as well as on patient habits, the sensitivity of the
restorative technique, and the type of restorative
material used [2,4,8,9].

The introduction of CAD/CAM technology
has revolutionized the planning and execution
of dental rehabilitations [5,10]. CAD/CAM
technology enables the scanning and milling of
single-piece restorations with high precision,
ensuring proper adaptation to the cavity
preparation. Consequently, this reduces
cementation lines and the sensitivity of the
restorative technique, factors that significantly
impact the long-term prognosis of the
restoration [1,3,4]. Several materials have
been developed for CAD/CAM systems [1,3].
However, despite advancements in adhesive
technologies, the establishment of reliable
cementation protocols for emerging CAD/CAM
materials such as fiber-reinforced composites,
hybrid ceramics and polyether ether ketone
(PEEK) remains critical to ensuring improved
clinical outcomes. Nevertheless, despite the
growing number of studies evaluating CAD/CAM
materials, the adhesion between dentin and
polymer-based materials remains controversial
and not fully elucidated [4,11,12]. Previous
studies have reported inconsistent results,
which may be attributed to differences in
material composition, surface energy, and
responsiveness to surface treatments, as well as
variations in experimental protocols and testing
methodologies. These factors may directly
influence bonding performance and contribute
to the lack of consensus in the literature [13-16].

Among the materials that have gained
prominence in CAD/CAM technology are hybrid
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materials [17], which combine desirable ceramic
characteristics, such as mechanical strength and
color stability, with those of composite resins, such
as greater resilience and an elastic modulus closer
to dentin [14,18,19]. Vitroceramic composites are
composed of a polymeric matrix reinforced with
inorganic glass particles [18], offering a viable
alternative for a range of clinical applications
such as inlays, onlays, endocrowns and crowns
due to their favorable physicomechanical
properties [20].

More recently, a polymeric material known
as PEEK has attracted growing interest in
dentistry. It is considered a high-performance
polymer that stands out for its biocompatibility,
resistance to chemical degradation, and an elastic
modulus lower than that of dentin [3,9]. Materials
with an elastic modulus similar to or lower than
that of dentin induce non-catastrophic failures
without loss of retention [9]. PEEK has potential
for various clinical applications, including
personalized posts and cores [21] manufactured
using CAD/CAM systems, being identified as a
viable alternative for effective and functional
indirect rehabilitation [17,22-24]. Nevertheless,
despite the use of materials suitable for the luting
of PEEK, such as adhesives containing functional
phosphate monomers and organic solvents [25],
its luting protocol remains under debate due to
its high resistance to surface treatments, meaning
that its surface exhibits low chemical reactivity
and limits the creation of micromechanical
retention [23,26].

The durability of the adhesive bond in
indirect restorations is a critical factor for long-
term clinical success [7,14,17,27], influenced
by factors related to the dental substrate, the
amount of remaining dentin available for
bonding, the intrinsic properties of the adhesive
system, resin cement, and restorative material,
the cavity configuration factor, patient habits,
thickness of material, and the mechanical and
chemical degradation of restorative materials
when exposed to the oral environment [27-29].
Even though there are discussions about the
biomechanics of these CAD/CAM materials in
their use as intraradicular retainers, endocrowns,
and cores [19,20,24,28], controversial adhesive
protocols and the lack of studies [4,11,12] that
compare the bonding of these materials to dentin,
mean that the influence of material type on the
performance of indirect restorations, particularly
in the long term, remains unclear.
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Therefore, this study aimed to analyze the
dentin bond strength using the microtensile
test of three CAD/CAM materials - fiberglass,
vitroceramic composite and PEEK, both before
and after mechanical aging, and to evaluate the
fracture patterns. Accordingly, this study presents
the following null hypotheses: (1) the type of
material does not affect the bond strength to
dentin or the fracture pattern, and (2) mechanical
aging does not affect the bond strength to dentin
or the fracture pattern.

MATERIAL AND METHODS

The study was approved by the Local Research
Ethics Committee (CAAE 78649824100005418).
Sixty sound, permanent human molars, without
prior endodontic treatment, extracted less than
six months earlier and stored in saline solution,
were selected. The following materials were
cemented onto teeth: fiberglass (FC; Fiber CAD;
Angelus), vitroceramic composite (BB; Brava
Block; FGM), and polyetheretherketone (PK;
PEEK; JUVORA). Half of the specimens from

- | — 1 n=10 [7 l
With mechanical
aging
N P
N=20
Fiber Cad 1 f
Brava Block
Peek -
n=10
Without mechanical
aging

Figure 1 - Study design considering experimental units and tests.

1.0 |
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each group were subjected to mechanical aging
(n = 10).

The sample size calculation was performed
using G*Power 3.1 software (Heinrich-Heine-
Universitat Diisseldorf, Diisseldorf, Germany),
considering the ANOVA: Fixed effects, special,
main effects and interactions function, compatible
with the study design, consisting of six groups.
A significance level of o = 0.05, statistical
power (1—-B) = 0.80, and an effect size of
f = 0.47 (medium) were adopted [30,31]. The
calculation indicated a minimum sample size of
8 specimens per group. Considering the in vitro
nature of the study, as well as possible specimen
loss during experimental procedures, 10 specimens
per group were used to ensure greater reliability
and similarity to similar laboratory studies [9].

Specimens were then sectioned into 1 X 1
mm? sticks and submitted to microtensile testing
(MPa), followed by fracture pattern analysis using
a stereomicroscope at 50x. All methodological
steps will be described in detail below. The study
design is presented in Figure 1, and the materials
used are described in Table I.

=

Ez Test L Stereoscopic
magnifying glass

Scanning Electron
Microscope

Table | - Information, chemical composition, and manufacturer of the materials used in the study*

FIBER CAD - Post &

Fiberglass FC Core - Angelus

Vitroceramic

Fiberglass: 75-80%
Epoxy resin: 20-25%

Silanized barium glass 65%-80%, Bis-EMA <12%, Bis-GMA <10%, UDMA <10%, silane-treated
silica 5%-10%, TEGDMA <5%, ethyl 4-dimethylaminobenzoate <1%, camphorquinone <1%

Polyetheretherketone (PEEK) = 90%
TiO, < 10%

Base: Methacrylate monomers, radiopaque silanated fillers, initiators, stabilizers,

rheologic additives

Catalyst: Methacrylate monomers, radiopaque alkaline fillers, initiators, stabilizers, pigments,

rheologic additives, fluorescent dye, activator for Scotchbond Universal Adhesive

. BB Brava Block - FGM
composite
PEEK - OPTIMA -
PEEK PK JUVORA
Resin CR RelyX Ultimate Clicker
Cement A1 - Solventum
Adhesive Single Bond Universal -
system Solventum

*Information provided by the manufacturer's datasheet.

MDP phosphate monomer, dimethacrylate resins, HEMA, Vitrebond copolymer, filler,

ethanol, water, silane, initiators
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Specimen preparation

The teeth were sectioned parallel to the
occlusal surface, 3 mm above the cemento-
enamel junction, using a diamond abrasive disc
(Diamond Abrasive Disc; Extec Corp; Connecticut;
USA) mounted on a precision sectioning machine
(IsoMet 1000 Precision Sectioning Machine;
Buehler; Illinois; USA) under constant irrigation.
The dentin surfaces were polished with 600-grit
silicon carbide paper (Norton Abrasives; Saint-
Gobain Abrasives Ltd.; Worcester; USA), under
water cooling until the coronal remnants reached
a height of approximately 2 mm, removing the
occlusal enamel and exposing the mid-depth
dentin surface [32]. Subsequently, the teeth
were randomized by drawing lots and distributed
into six groups (n=10) according to the type of
material (FC, BB, and PK) and mechanical aging
(with and without mechanical cycling) [9].

The blocks of restorative materials were
sectioned into dimensions of 14 X 14 X 4
mm? (length X width X height) in a square format
for FC and BB and 18 X 4 mm (diameter X height)
in a cylindrical format for PK. For cementation,
the resin cementing agent was standardized. The
blocks of each restorative material, as well as the
dentin, underwent specific surface treatments as
shown in Table II.

The dual-cure resin cement (RelyX Ultimate -
Al; Solventum; St. Paul; USA) was prepared, applied
to the surface of each material, positioned onto
the dental structure, and light-cured according
to the manufacturer’s instructions. A corded
LED light-curing unit (VALO Corded LED Curing
Light — Ultradent; Ultradent, South Jordan, UT,

Table Il - Surface treatment of the materials used in the research project

Material

Effect of mechanical aging on the bond strength to dentin of
CAD/CAM materials

USA) was used in standard mode at an irradiance
of 1000 mW/cm? to ensure stable irradiance during
polymerization. The curing tip was positioned
perpendicular to the specimen surface at a
standardized distance of 1 mm. Each surface was
light-cured for 20 s. All light-curing procedures were
performed by a single trained operator.

The specimens were stored at 37°C for 24
hours before undergoing mechanical aging. For
mechanical aging, polystyrene resin cylinders
(Cristal; Redelease; Osasco; Brazil) with a
polyether-based material (Impregum F; Solventum;
St. Paul; USA) were fabricated to simulate the
alveolar bone and periodontal ligament [21,33].

Mechanical cycling test

The samples were subjected to aging
in a mechanical fatigue simulation machine
(TD502 - Incon; Elquip; Sdo Paulo; Brazil).
A total of 300,000 cycles were performed using
a rounded tip positioned on the occlusal surface
of the block, aligned with the tooth’s long axis,
under a load of 50 N and a frequency of 1.2 Hz,
while immersed in distilled water at 37 °C [3,9,11].
Which corresponds to approximately 1 year of
clinical masticatory function [9].

Microtensile Bond Strength Test

The root portion of each tooth was
sectioned 2 mm below the cemento-enamel
junction [32,34]. Subsequently, the teeth were
serially sectioned in both the buccolingual
and mesiodistal directions using a low-speed
diamond disc, yielding an average of nine dentin
sticks per tooth, each approximately 1 X 1 mm

Surface Treatment

Surface cleaning of the block with 70% alcohol (Balcdo Fragréncia; Sdo Paulo; Brazil), followed by a 5 second air
FC blast and application of silane (Prosil; FGM; Joinville; Brazil), allowing it to act for 60 seconds. A layer of adhesive
(Single Bond Universal; Solventum ; St. Paul; USA) was then applied for 20 seconds, followed by a 5 second air blast*.

Aluminum oxide blasting (Microjato Plus; Bio-art; S&o Carlos; Brazil) with 50 pm particles (Bio-art; Sdo Carlos; Brazil)

at a pressure of 3 Bar, using horizontal and vertical movements until the surface becomes frosted, followed by

BB washing in an ultrasonic bath for 180 seconds. Application of 70% alcohol, air blast for 30 seconds, and silane
(Prosil; FGM; Joinville; Brazil), allowing it to act for 60 seconds. Then, the adhesive (Single Bond Universal; Solventum;

St. Paul; USA) was applied for 30 seconds, followed by a 10 second air blast and polymerizing for 20 seconds*.

Aluminum oxide blasting with 50 um particles, at a pressure of 3 Bar, using horizontal and vertical movements and a

PK

distance of approximately 1 cm. Afterward, the blocks were cleaned in an ultrasonic bath for 180 seconds, dried with
an air blast for 60 seconds, and a layer of adhesive (Visiolink; Bredent GmbH & Co.KG; Senden; Germany) was applied,

polymerized for 90 seconds.

Dentin

*Information provided by the manufacturer's datasheet.

The dentin surface was washed with water for 30 seconds and dried using a cotton pellet and air. Then, a layer of adhesive
(Single Bond Universal; Solventum; St. Paul; USA) was applied for 20 seconds, followed by a light air blast for 5 seconds.
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in dimension [32,35]. The dentin sticks were
mounted on a Geraldeli microtensile device
using cyanoacrylate adhesive (Super Bonder Gel
Loctite; Henkel Ltda.; Diisseldorf; Germany) at
their ends, ensuring parallel alignment with the
tensile direction. The specimens were tested using
a universal testing machine (EZ Test L; Shimadzu;
Kyoto; Japan) at a speed of 0.5 mm/min until
failure occurred. The force required to fracture
each stick was recorded in Newtons (N), and
the dimensions of the adhesive interface were
measured using a digital caliper. These values
were then used to calculate the bond strength
of the material to dentin in MPa (Bond Strength
in MPa = Force in N / Area) [32,36,37]. Dentin
sticks with pre-test failures were excluded from
the bond strength analysis because measurable
bond strength values could not be obtained.

Fracture pattern and scanning electron microscopy
(SEM)

After the microtensile test, the fracture
pattern was analyzed under a stereoscopic
magnifying glass (MZ7.5; Leica Microsystems;
Wetzlar; Germany) at 50 X magnification [3]. The
fracture types were documented and classified,
as illustrated in Figure 2 [14,38].

Subsequently, the fractured surfaces of
representative dentin sticks were sputter-
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coated with gold using a sputter coater (SCD
050; BalTec; Balzers; Liechtenstein) to enhance
conductivity. The coated specimens were
then examined using a scanning electron
microscope (SEM) (JSM 5600 Lv; JEOL;
Akishima; Japan), which utilizes an electron
beam to generate high-resolution images of the
surface morphology, in 15kV.

Statistical analysis

To analyze bond strength, the mean value of all
sticks from the same tooth was initially calculated,
considering the tooth as the experimental unit.
Descriptive and exploratory data analyses were
conducted. Thus, a generalized linear model
was employed to evaluate the effects of material
type, aging conditions, and their interaction on
bond strength values. For the analysis of fracture
patterns using Fisher’s exact test, all sticks within
the same group were considered collectively, given
the qualitative nature of the variable. Statistical
analyses were performed using R software
(R Foundation for Statistical Computing), with a
significance level set at 5%.

RESULTS

Regardless of mechanical aging, bond
strength was significantly higher in the BB
group and lower in the FC group (p<0.0001).

P "
Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
D Restorative material . Resin cement D Dentin

Figure 2 - lllustration of the types of fracture patterns. Type 1 - Cohesive failure into resin cement; Type 2 - Adhesive failure between the
dentin and the adhesive or resin cement; Type 3 - Adhesive failure between the adhesive or resin cement and the restorative material; Type
4 - Cohesive failure in the restorative material; Type 5 - Cohesive failure in the dentin; Type 6 - Mixed failure, when more than one type of

failure occurs.
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No statistically significant difference was observed
between the groups with and without aging
regarding bond strength (MPa), as presented in
Table IIT (p=0.7623). Additionally, there was
no interaction between material type and aging
(p=0.5122). Pre-test failures were observed
during specimen preparation and handling
and were not included in the bond strength
analysis. The number of pre-test failures recorded
in each group was as follows: FC without
mechanical aging (4 sticks), FC with mechanical
aging (4 sticks), BB without mechanical aging
(6 sticks), BB with mechanical aging (2 sticks),
PK without mechanical aging (4 sticks), and PK
with mechanical aging (8 sticks).

Effect of mechanical aging on the bond strength to dentin of
CAD/CAM materials

The fracture pattern distribution is presented
in Figure 3, showing differences among materials
and aging conditions. A significant association
between aging and fracture patterns was observed
for FC (p < 0.05). In the non-aged condition,
most dentin sticks exhibited Type 1 failure
(61.0%), whereas after aging this percentage
decreased to 35.5%. Conversely, Type 3 failure
increased from 30.5% in the non-aged group to
53.3% after aging. After aging, the frequency
of Type 1 failure decreased for FC (35.5%)
and BB (72.9%) but increased for PK (62.8%).
In contrast, Type 3 failure increased for FC
(53.3%) and BB (4.3%) and decreased for PK
(24.5%).

Table 11l - Mean (standard deviation) of bond strength (MPa) as a function of material and mechanical aging (without and with aging)

FC 18.18 (5.26)
BB 28.39 (7.49)
PK 24.73 (5.17)

18.46 (2.73) ©
29.89 (7.28) A
21.89 (7.41) B

Statistical analysis showed a significant effect of material (p < 0.0007), but no significant effect of mechanical aging (p = 0.7623) or material x aging
interaction (p = 0.5122). Different letters indicate statistically significant differences among materials, irrespective of the aging condition (p < 0.05).

100.0% 1
80.0%
L 60.0% A
8
c
@
e
&L 40.0% -
20.0% A
0.0%
No aging  With aging Noaging  With aging No aging  With aging
Fiberglass Brava Block PEEK
o Type 1 o Type 2 o Type 3 o Type 4 o Type b Type 6

Figure 3 - Fracture pattern as a function of the material and condition (with and without mechanical aging). Type 1 - Cohesive failure in the
resin cement; Type 2 - Adhesive failure between the dentin and the adhesive or resin cement; Type 3 - Adhesive failure between the adhesive
or resin cement and the restorative material; Type 4 - Cohesive failure in the restorative material; Type 5 - Cohesive failure in the dentin; Type
6 - Mixed failure.
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Figure 4 - Scanning electron microscope images of the fracture pattern. (A) FC without mechanical aging; (B) FC with mechanical aging;
(C) BB with mechanical aging; (D) PK with mechanical aging. Resin Cement (CR); Fiberglass (FC); Brava Block (BB); and PEEK (PK).

Figure 5 - Scanning electron microscope (SEM) images at 370x
magnification, showing the imprint of glass fibers on the resin
cement (*). Resin Cement (RC), Dentin (D).

Figure 4 presents, through scanning electron
microscopy (SEM) images, the fracture patterns
observed for each tested material: (4A) FC
without mechanical aging, exhibiting a type
1 fracture; (4B) FC subjected to mechanical

aging, exhibiting a type 3 fracture; (4C) BB after
mechanical aging, exhibiting a type 1 fracture;
and (4D) PK after mechanical aging, also
exhibiting a type 1 fracture. In images 4A, 4C,
and 4D, the restorative material can be observed
with resin cement partially adhered to its surface,
corresponding to a type 1 fracture. In contrast,
image 4B shows FC with complete detachment of
the resin cement from its surface, corresponding
to a type 3 fracture.

Figure 5, obtained via SEM at 370X
magnification, illustrates the resin cement over
dentin, revealing the imprint of glass fibers on
its surface.

DISCUSSION

The bond strength between the restorative
material and dental tissue is fundamental to
ensuring the stability of restoration [10,35].
Good bond strength indicates that the material
is well-adhered to structure and less susceptible

Braz. Dent. Sci. 2026, 29 : 5173
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to adhesive failures, fractures, and infiltrations,
factors that increase the likelihood of early
failures [7]. This study was designed to evaluate
the bonding performance of different CAD/CAM
materials to dentin. Bond strength to microtensile
stress and fracture patterns of CAD/CAM material
blocks cemented to dentin were analyzed before
and after mechanical aging. Regardless of aging,
FC exhibited the lowest bond strength values,
therefore, the first null hypothesis was rejected.
Furthermore, bond strength values did not differ
before and after aging, but the fracture pattern
changed with aging, especially for FC, thus, the
second null hypothesis was also rejected.

In the present study, the mean bond strength
value was statistically higher for BB, followed
by PK and FC. Materials used for rehabilitating
teeth with extensive coronal destruction should
possess physical characteristics and mechanical
properties, such as an elastic modulus similar
to that of dentin [1,2,4,21] to better absorb
occlusal loads and distribute stresses more
evenly, thereby preventing adhesive failures
and fractures [4,9,11,21,24]. According to the
manufacturers, the elastic moduli of the CAD/
CAM blocks are 25 GPa for FC, 14 GPa for BB,
and 4 GPa for PK [28]. Since the microtensile
test induces stress at the adhesive interface and
BB has an elastic modulus closest to of dentin,
this could be related to its superior bond strength
results and the higher incidence of cohesive
failures within the cement, regardless of aging,
considering that dentin has an elastic modulus
of approximately 12.4 GPa [5]. Additionally,
BB exhibits greater chemical compatibility with
luting agents due to its resin matrix composition,
which includes Bis-EMA, Bis-GMA, UDMA, and
TEGDMA [14,19].

Beyond material composition, the increase
in bond strength can also be attributed to surface
treatment. BB demonstrated higher bond strength
than PK, despite both materials exhibiting
increased surface roughness after airborne-
particle abrasion with aluminum oxide, which
promotes micromechanical interlocking with
the resin cement [22,26]. Although sandblasting
improved PK surface roughness [22,24,26], it
remains a low-surface-energy material [24] that
is difficult to modify [3]. It has been reported
that conditioning with 98% sulfuric acid could
enhance its bond strength values [26], as
sulfonation promotes benzene ring dissolution,
improving surface hydrophilicity and facilitating

Effect of mechanical aging on the bond strength to dentin of
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bonding with the methacrylate groups in the
resin cement [14,39], combined with the use of
a specific hydrophobic adhesive system based on
methyl methacrylate (MMA) [3]. However, this
step presents risks and is not feasible for routine
clinical use.

Unexpectedly, PK exhibited higher bond
strength than FC, despite having a highly
hydrophobic surface. PEEK demonstrates a
more favorable stress distribution [3] than glass
fiber retainers [9,22]. Additionally, the optimal
surface treatment protocol for glass fiber blocks
fabricated via CAD/CAM remains unclear [9,12].
Surface treatments using airborne abrasive
particles compromise bond strength [9,12]
by damaging the material’s fibers [9,12,37].
However, micromechanical interlocking occurs
due to the partial removal of the epoxy resin,
exposing the material’s fibers [12] (Figure 5).
Nonetheless, this interlocking is insufficient
for fiber fixation within the cement, indicating
inadequate and low adhesive retention between
the fiber and the resin cement.

Conversely, the present findings contrast
with those of Saisho et al. [9], who reported
similar bond strength values for BB, FC, and PK.
This difference could be attributed to the testing
methodology employed by the authors, like
the pull-out bond strength (POBS) test, which
considers additional mediating factors, such
as the cavity configuration factor, rather than
focusing solely on the material type. Additionally,
in their study, the resin cement and dentin
treatment differed, and BB was not subjected to
aluminum oxide sandblasting, which may explain
its superior performance in the present study,
regardless of mechanical aging.

Simulated mechanical aging did not affect
the bond strength of any material, aligning with
findings from previous studies [9,11]. However, it
influenced the fracture pattern of FC. After aging,
FC exhibited 53.3% adhesive failures at the resin
cement-restorative material interface, a result
similar to that reported by Garcia et al. [12],
considering that this type of failure typically
precedes structural damage [11]. Plastic
deformations in the matrix can lead to microcracks,
which are minimal in regions equidistant from
the fibers and maximal in areas immediately
adjacent to them [37., 2008]. This explains the
altered fracture pattern following aging and
the adhesive failure of the fibers (Figure 5).
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Furthermore, fiber orientation in this study may
have played a significant role in these findings,
as force propagation occurred perpendicular
to the glass fiber structure rather than parallel
to its longitudinal axis. Consequently, stress
dissipation may have shifted the failure point to
the adhesive interface between the resin cement
and the restorative material, highlighting the
need for further research exploring different
methodologies and fiber configurations.

For the other groups, no significant changes
in bond strength values or fracture patterns were
observed after aging, which may be explained by
the elastic modulus of the materials [9,11] and
the absence of reinforcing fibers, allowing for
more homogeneous force dissipation throughout
the material.

As an in vitro study designed to evaluate
the adhesion of different CAD/CAM materials
to dentin, certain clinical variables were not
addressed and should be considered. These
include cavity preparation design, the effect
of prior endodontic treatment of the restored
tooth, dentin type (coronal or radicular), the
distance between the light-curing unit and the
dentin-restorative material interface, and fiber
orientation. In addition, the different geometries
of the CAD/CAM blocks (square and cylindrical)
may have influenced stress distribution and should
be considered when interpreting the results. In
addition, although the experimental procedures
were standardized, the surface treatment protocols
followed the specific recommendations for each
material, which may have influenced the bonding
performance and should be considered when
interpreting the results.

Furthermore, only mechanical aging was
performed in the present study, without the
inclusion of thermal or chemical aging protocols,
which may differently affect the durability of the
adhesive interface and contribute to long-term
degradation. Therefore, the results should not
be directly extrapolated to clinical conditions but
should serve as a basis for future studies aimed at
optimizing adhesive protocols for these materials.
Further laboratory investigations incorporating
combined aging methods, as well as subsequent
randomized clinical trials, are necessary to better
simulate the oral environment and to provide
a more comprehensive understanding of the
adhesive behavior and long-term performance
of polymer-based CAD/CAM materials.
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CONCLUSION

Within the limitations of this in vitro study,
the type of CAD/CAM material influenced the
bond strength to dentin in the presence of
mechanical aging. The vitroceramic composite
exhibited the highest bond strength values,
while fiberglass showed the lowest. Simulated
mechanical aging did not significantly affect the
bond strength of the evaluated materials under
the experimental conditions tested. However,
changes in fracture pattern were observed
for the fiberglass material, with an increased
prevalence of adhesive failures between the
restorative material and the resin cement.
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