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Abstract

without aging in a mastication simulator.

aging procedures.

Purpose This study investigated the influence of the fiber sleeve on push-out bond strength (PBS), both with and

Materials and methods Sixty straight-rooted mandibular premolars were randomly divided into four groups (n=15).
Groups S and Sy included fiber sleeves and posts, while Groups P and Py,s included posts only. Groups Sys and Pyys
underwent aging in a mastication simulator (50 N load, 240,000 cycles). Specimens were sectioned into T mm slices
(coronal, middle, apical thirds), and PBS testing was performed using a universal testing machine. Failure modes were
analyzed under 40x magnification. Statistical analysis used one-way ANOVA and Tukey tests (a=0.05).

Results Group S had the highest PBS, significantly surpassing Group P (P<0.001). Aging significantly reduced PBS in
sleeve groups (S vs. Sy, P=0.029) Adhesive failure between dentin and cement was most common.

Conclusion The use of fiber sleeves significantly improved PBS; however, this enhancement diminished following

Keywords Adjustable post, Bond strength, Fiber post, Mastication simulator, Sleeve

Introduction

Post systems are essential for restoring extensively
damaged, endodontically treated teeth, with ongoing
advancements in materials and techniques improving
clinical outcomes [1]. Common materials include metal
alloys, ceramics, glass fiber, and carbon fiber, each with
unique advantages in strength, esthetics, and adhesive
compatibility [2]. Among these, glass fiber posts are most
preferred due to their dentin-like elastic modulus, strong
resin bonding, excellent esthetics, biocompatibility, and
effective stress distribution, which minimizes the risk of
root fractures and structural failures [3, 4].

*Correspondence:

Cihan Kuden

ckuden@cu.edu.tr

'Department of Endodontics, Faculty of Dentistry, Cukurova University,
Adana 01380, Turkey

K BMC

The retention of glass fiber posts within the root canal
is influenced by factors such as post length, diameter,
surface design (e.g., smooth, serrated, or tapered), and
the type of cementation material and technique [5, 6].
Notably, the thickness of the resin cement layer plays a
critical role, as thicker layers can compromise push-out
bond strength (PBS) due to increased polymerization
shrinkage and void formation [7, 8]. To address these
challenges, approaches like anatomically shaped posts or
multifilament systems have been proposed to minimize
resin thickness and reduce the C-factor, improving adap-
tation to root canal morphology [9-13].

Recently, a novel single adjustable post (SAP; Splen-
dor, Angelus, Londrina, PR, Brazil) system has been
developed, comprising a universal cylindrical post and a
conical fiber sleeve that adapts to the root canal without
requiring additional preparation. This system promotes
uniform distribution of a thinner resin cement layer,
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potentially enhancing dentin bonding and biomechani-
cal performance [10, 11, 14-16]. Studies have indicated
that SAP systems outperform conventional and anatomi-
cal posts in terms of PBS and stress distribution under
fatigue conditions [10, 17-20]. However, there is limited
evidence on the long-term adhesive interface perfor-
mance of SAP systems in oval or severely damaged root
canals.

It is essential to test and analyze restorations under
conditions that closely simulate the oral environment
to ensure their clinical reliability [21-24]. Among in
vitro methods, mastication simulators are particularly
effective for this purpose. These devices replicate func-
tional stresses through cyclic loading over extended
periods, simulating clinical conditions and enabling
a detailed evaluation of the adhesive properties and
durability of post systems. Assessing the effects of mas-
tication-induced aging provides critical insights into
the long-term performance and reliability of post-core
restorations.

A comprehensive review of the literature reveals a lack
of studies evaluating the effectiveness of the fiber sleeve
within the SAP system. To address this gap, the pres-
ent study investigates the impact of the fiber sleeve on
the bond strength and biomechanical performance of
endodontically treated teeth. By comparing groups with
and without fiber sleeves, the study aims to assess the
effects of reduced resin cement thickness on PBS, adhe-
sive interface integrity, and overall system performance
under mastication-induced aging. The hypotheses tested
are as follows: (i) there is no significant difference in bond
strength between fiber sleeve and non-sleeve groups in
the absence of aging, and (ii) aging does not significantly
affect the bond strength of the SAP system.

Materials and methods

Ethical approval for this study was obtained from the
Cukurova  University =~ Non-Interventional Clinical
Research Ethics Committee (Approval No: 2023/131/20).
Mandibular teeth extracted for orthodontic or periodon-
tal reasons were used in this study. Written and verbal
informed consent was obtained from individuals for the
use of their teeth in this research. The specimen size was
determined based on hypothetical values using G*Power
3.1 software (Heinrich Heine University, Diisseldorf, Ger-
many). With a power of 95%, a significance level of 0.05,
and an effect size of 0.60, the minimum required speci-
men size per group was calculated to be 13. However,
for this in vitro study, analyses were conducted using 15
specimens per group to ensure robustness.

Specimen Preparation
To ensure disinfection and structural preservation, sixty
recently extracted, caries-free single-rooted mandibular
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premolars were cleaned and stored at 37 °C in a 0.5%
thymol solution. Specimens were examined under 10x
magnification to exclude those with cracks or fractures,
and periapical radiographs in buccolingual and mesiodis-
tal orientations were used to confirm the presence of an
open and continuous root canal system, as well as to rule
out canal resorption and previous endodontic treatment.
Coronal segments were sectioned perpendicular to the
tooth’s long axis, 2.0 mm above the cementoenamel junc-
tion, to maintain adequate coronal structure and achieve
a ferrule effect. All specimens were standardized to a
total length of 17.5 mm (15.5 mm root+2.0 mm coronal
structure).

Root Canal Preparation

A #10 K-file was used to create a glide path and confirm
canal patency. The file was gently advanced until its tip
became visible at the apical foramen, after which the
working length was determined by subtracting 1 mm
from this measurement to preserve apical anatomy and
ensure standardization across specimens. Canal instru-
mentation was performed using R25, R40, and R50 files
with an electronic endomotor (VDW Gold Reciproc
motor, VDW, Munich, Germany) following the crown-
down technique. The shaping protocol was applied con-
servatively, with respect to the original canal anatomy,
to avoid unnecessary removal of dentin. All specimens
were irrigated using a standardized protocol after each
instrumentation step. A fresh solution was used for each
specimen, and the irrigants were delivered passively up to
1 mm short of the working length using a conventional
irrigation needle. After each file, canals were irrigated
with 2 ml of 2.5% NaOC], followed by final irrigation with
2 ml of 5% EDTA and 10 ml of distilled water. The canals
were dried with paper points (Dentsply Tulsa Dental,
OK, USA). The size #50 gutta-percha master cones were
selected to match the final apical size (R50), and tug-back
was confirmed prior to sealer application. Obturation
was completed using the cold lateral compaction tech-
nique. A size #50 gutta-percha master cone was coated
with AH Plus sealer (Dentsply DeTrey, Konstanz Ger-
many) and inserted to full working length. Finger spread-
ers were used to place accessory gutta-percha cones with
light apical pressure, advancing until slight resistance was
encountered, to avoid overcompaction and ensure homo-
geneous lateral filling. Root canal orifices were sealed
with temporary filling material (Cavit-G; 3 M ESPE, Ger-
many) and stored at 37 °C in 95% humidity for 7 days. All
root canal shaping and obturation procedures were per-
formed by a single experienced operator (E.V.) to ensure
standardization across specimens.
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Post space prepration

After one week, the temporary fillings were removed.
Gutta-percha was extracted using #3 and #4 Gates-Glid-
den drills to a depth of 13.5 mm, preserving a 4 mm api-
cal seal. The root canals were irrigated with 5 ml of 17%
EDTA followed by 5 ml of physiological saline to elimi-
nate residual obturation material, and then dried with
paper points. For post space preparation, Gates-Glidden
drills (#6—5-4) were used in a stepwise manner to cre-
ate a tapered post space, ensuring dimensional consis-
tency among specimens. This was followed by the use of
the dedicated drill provided in the Splendor-SAP system
(Splendor SAP; Angelus, PR, Brazil). Care was taken to
ensure that the fiber sleeve was seated to a depth of 9 mm
in both the sleeve and no-sleeve groups. The fiber sleeve’s
elliptical-like cross-sectional geometry and semi-flexible
structure allowed it to adapt to the prepared canal space
under light pressure.
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Post cementation

All Posts were disinfected with alcohol, dried with air
spray, and treated with a silane coupling agent (G-Multi
Primer, GC Tokyo, Japan) for 60 s before air drying.
Teeth were randomly assigned into four groups (Fig. 1).
Group S: Both post and sleeve components of the SAP
system were used without core build-up, and teeth were
not subjected to mastication simulation. Group S, Post
and sleeve components were cemented, followed by com-
posite resin core build-up, metal crown placement, and
aging in a mastication simulator. Group P: Only the post
component was used without the sleeve or core build-
up, and teeth were not subjected to mastication simula-
tion. Group Py: Only the post component was cemented
without the sleeve, followed by composite resin core
build-up, metal crown placement, and aging in a mastica-
tion simulator.

35mm 4 35mm J
1 mm
2 mm
-——— ——— ECJ ———
135mm < 6 s
4 mm
Group S
35mm<|:
] 2 mm
—— L —— EQJ -

13.5 mm 13.5 mm
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Fig. 1 Represantative preparation of the experimantel groups
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In all groups, Panavia SA Cement (Kuraray, Okayama,
Japan) was applied to the canals using an intracanal tip,
and posts were placed within 40 s. Light curing was per-
formed for 20 s with a LED device (Elipar S10; 3 M ESPE,
USA), followed by 5 min of chemical curing. Specimens
were stored at 37 °C with 95% humidity for 48 h. To
ensure uniform cement adaptation, a tapered post space
preparation protocol was applied using Gates-Glidden
drills followed by the system-specific Splendor-SAP drill.
This allowed for consistent internal canal shaping and
reduced variation in the spatial relationship between
the post, dentin, and fiber sleeve. All procedures includ-
ing post space preparation and post cementation were
carried out by a single endodontist (E.V.) with extensive
clinical experience, minimizing operator variability and
ensuring procedural consistency.

Crown Fabrication, mastication Simulation, and thermal
cycling
In the Syg and Py groups, teeth were air-dried, universal
adhesive (GC Solare Universal Bond, GC, Tokyo, Japan)
was applied, air-thinned for 10 s, and light-cured for 10 s.
A seven mm composite core (GC Dental Genial Poste-
rior Composite, Japan) was shaped using a water-cooled
high-speed handpiece (KaVo, Germany) with diamond
burs, creating round-shoulder designs terminating at the
cemento-enamel junction and standardized to 5 mm.
Specimens from the Sy;s and Py groups were embed-
ded in 30 mm wax blocks (five per block). Digital impres-
sions were obtained with an intraoral scanner (3Shape
Trios A/S, Copenhagen, Denmark) and sent for 2 mm
metal crown fabrication via laser sintering. Crowns
were checked for fit and cemented with polycarboxylate
cement (Adhesor Carbofine, Pentron, Czech Republic).
To simulate the periodontal membrane, roots were
coated with a 0.2-0.3 mm wax layer using the melted wax
immersion method, embedded in 30 mm PVC blocks
with self-cured acrylic resin, and removed after the
acrylic partially hardened. The wax was cleaned, and low-
viscosity polyvinyl siloxane (Elite HD+, Zhermack, Italy)
was injected into the spaces to form an artificial peri-
odontal membrane. Crowned specimens were replaced
into the acrylic blocks and aged in a chewing simulator
(MOD, Esetron Smart Robotechnologies, Ankara, Tur-
key) under a vertical speed of 60 mm/s, vertical move-
ment of 5 mm, horizontal speed of 60 mm/s, horizontal
movement of 1 mm, and a 50 N force for 240,000 cycles
at 1.67 Hz. Thermal cycling between 5 °C and 55 °C was
applied during the simulation.

Sectioning and push-out bond strength testing

Specimens were mounted in transparent acrylic
blocks for precision cutting (Struers Accutom 10, OH,
USA). Fiber-post cemented roots were trimmed at the
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enamel-cement junction using a water-cooled diamond
saw. A total of 180 dentin discs (1+0.05 mm thick) were
obtained from the coronal, middle, and apical regions
of all groups, with 2 mm spacing between sections, as
shown in Fig. 2.

The push-out test was performed using a universal test-
ing machine (Testometric M500, 25 kN; Rochdale, UK)
with a crosshead speed of 0.5 mm/min. A 1 mm diameter
push pin was aligned to the center of the post surface.

The bonding surface area of each section was calcu-
lated using the lateral surface area formula of a truncated
cone:

A=m(Ri+Rs) v [( Ri— Ro)” + 17

where 7 is approximately 3.1416, R, and R, are the cor-
onal and apical radii (in mm), respectively, and 4 is the
slice thickness (1 mm). The coronal and apical diameters
of each specimen were measured individually using a
stereomicroscope under 40x magnification and a digital
caliper (accuracy: 0.01 mm).

This formula is commonly used in PBS studies and was
adopted based on previously published methods [15, 25].
PBS value was calculated in megapascals (MPa) by divid-
ing the maximum failure load (Newton) by the bonded
surface area (mm?).

Failure mode analysis

Failure modes were classified based on failure modes
by consensus between two calibrated operators using a
operation microscopy (iSee 9000; Woodpecker Medi-
cal Instrument Co., Guilin, China) at 40x magnification.
The sections were categorized into four modes of failure:
Adhesive failure between the dentin and resin cement,
adhesive failure between the post and resin cement,
mixed failure (partial coverage of the post section by
resin cement), and cohesive failure within the fiber post.

Statistical analysis

All analyses were performed using SPSS Statistics version
29.0.1.1 for MAC (IBM, Armonk, NY, USA) program.
The homogeneity of the obtained data was analyzed using
the Shapiro-Wilk test. Statistical differences between the
bond strengths of the groups were evaluated using one-
way ANOVA and Tukey post-hoc tests.

To compare failure mode distributions across coro-
nal, middle, and apical thirds, chi-square tests were per-
formed separately for each level. For statistical validity,
the ‘post—cement adhesive’ category was excluded from
the analysis due to its very low and uneven frequency
across groups, which would compromise the reliability of
the test. When overall significance was detected, pairwise
comparisons were performed with Bonferroni correction
to control for multiple testing.
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Fig. 2 Representative sectioning of the specimen
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Fig. 3 The mean and standard deviation values for push-out bond
strength (PBS) and the corresponding statistical analysis results were cal-
culated for the coronal, middle, and apical root regions in each group.
Capital letters (A, B) indicate significant statistical differences in PBS at
the coronal third, lowercase letters (a, b) denote differences at the middle
third, and lowercase letters (x, y) represent differences at the apical level

For overall comparisons of failure modes in pooled data
across all root levels, a Fisher’s Exact Test with Monte
Carlo simulation (10,000 samples) was used to accom-
modate small cell sizes. However, pairwise comparisons
among groups were not conducted in this pooled data-
set due to the presence of multiple zero-frequency cells,
which violated the assumptions required for reliable

Fiber post
Resin Cement

Gutta-percha

OE0ON

Transarent acrylic resin

Fisher’s tests and rendered post-hoc subgroup analyses
statistically unstable. (& = 0.05).

Results

Push-out bond strength

The mean PBS values and their standard deviations, along
with the statistical comparisons across the three root
regions—coronal, middle, and apical thirds—are pre-
sented in Fig. 3. At the coronal, middle, and apical levels,
one-way ANOVA revealed statistically significant differ-
ences among the groups (F(3, 59)=5.559, P=0.002; F(3,
59)=15.348, P<0.001; and F(3, 59)=18.710, P<0.001,
respectively).

At the coronal level, the S group exhibited the high-
est PBS value. While there was no significant differ-
ence between the S and P groups at the coronal level
(P=0.247), the S group demonstrated significantly higher
PBS values compared to the P group at the middle and
apical levels (P<0.001 for both). The S group showed
similar PBS values to the Sy;5 group at the coronal and
middle levels (P=0.773 and P=0.128, respectively); how-
ever, at the apical level, the S group exhibited significantly
higher PBS values than the Syg group (P=0.005). No sig-
nificant differences were observed between the P and Py
groups across all three root regions (P=0.192, P=0.691,
and P=0.999, respectively).
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Among the aged groups subjected to the mastica-
tion simulator, the PBS values in the Py group were
significantly lower than those in the Sy group at both
the coronal and middle regions (P=0.023 and P=0.001,
respectively). Within all groups, comparisons across root
sections revealed that the coronal region consistently
exhibited significantly higher PBS values than the middle
and apical regions (P<0.05).

The mean PBS values, standard deviations, and statis-
tical comparisons for each group are presented in Fig. 4.
When the overall PBS values across all sections were
compared, the S group displayed the highest values,
significantly differing from the S5, P, and Py groups
(P=0.029, P<0.001, and P<0.001, respectively).

Failure modes

A chi-square test was performed to compare the dis-
tribution of failure modes (adhesive at dentin—cement
or post—cement interface, cohesive, and mixed) among
experimental groups at the apical, middle, and coronal
levels. The overall chi-square analysis revealed a statisti-
cally significant difference in failure mode distribution
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among the groups at both the apical (P=0.038) and
coronal (P=0.041) levels. However, subsequent pairwise
comparisons with Bonferroni correction did not reveal
any statistically significant differences between individ-
ual group pairs (adjusted P>0.05 for all comparisons).
Therefore, although the overall chi-square test indicated
heterogeneity in failure patterns, no specific group com-
parison reached statistical significance when corrected
for multiple testing.

Adhesive failures at the dentin-cement interface, adhe-
sive failures at the post-cement interface, mixed failures,
and cohesive failures were all observed in this study.
Representative images of the four failure modes are pre-
sented in Fig. 5. The percentage distribution of failure
modes in the root regions for each group is illustrated
in Fig. 6. Adhesive failures at the dentin-cement inter-
face and mixed failures were observed across all groups.
Adhesive failures at the post-cement interface were noted
only in specific regions: 7% in the coronal region of the
Sus group, 13% in the middle region of the P group, and
7% in the middle region of the Pyg group. Cohesive fail-
ures were exclusively observed in the S and Sy groups.

bc

P Pyis

Fig. 4 Mean and standard deviation values of the total push-out bond strength for each group, along with statistical comparisons
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Fig. 5 Representative images of the failure modes
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Fig. 6 Percentage distribution of failure modes across root regions for each group
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Fig. 7 Overall distribution of failure modes by group

The highest rate of cohesive failure (34%) was found
in the coronal region of the S group, followed by the
Sus group at 26%. In the middle and apical regions, the
S group exhibited the highest cohesive failure values.
Adhesive failure at the dentin-cement interface was
most prevalent in the coronal region of the P group. For
the middle and apical regions, the highest percentages
of adhesive failures at the dentin-cement interface were
observed in the S, group (87% and 86%, respectively),
followed by the Py group, which recorded 73% in both
regions.

The overall rates and numbers of failure modes are
summarized in Fig. 7. When examining the total distribu-
tion, specimens subjected to aging in the chewing simu-
lator demonstrated a higher prevalence of dentin-cement
interface failures in both systems with and without fiber
sleeves. In aged specimens, the proportion of mixed fail-
ures decreased, shifting predominantly toward adhesive
failures at the dentin-cement interface.

To evaluate differences in overall failure mode distri-
bution across the experimental groups, Fisher’s Exact
Test with Monte Carlo simulation (10,000 resamples;
seed =112562564) was employed as a robust non-para-
metric alternative, owing to the presence of low expected
cell counts in the contingency table. The test revealed a

statistically significant association between failure mode
and group allocation (F(9,N=180)=34.516, P<0.001),
demonstrating that failure patterns were not uniformly
distributed across the groups. Nevertheless, the pres-
ence of multiple zero-frequency cells precluded reliable
pairwise comparisons. As such, while the global analysis
confirmed overall heterogeneity in failure mode distribu-
tion, intergroup comparisons should be interpreted with
appropriate caution due to analytical constraints.

Discussion

This study evaluated the impact of the sleeve component
of the SAP system on PBS under mastication simulator-
induced aging. The sleeve component demonstrated sig-
nificantly higher PBS values across different root regions.
Moreover, in the group utilizing the sleeve, PBS values
significantly decreased following aging in the mastication
simulator. Consequently, the hypotheses of this study
were rejected.

In this study, the PBS test was selected as the method
for evaluating post retention due to its practicality, repro-
ducibility, and clinical relevance in assessing the adhe-
sive interface within root canal systems. Compared to
microtensile (LTBS) and shear bond strength (SBS) tests,
which are more suitable for flat and accessible surfaces,
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the push-out test is better adapted to the complex inter-
nal geometry of root canals [26]. The uTBS method offers
high sensitivity but requires complex specimen prepara-
tion and is associated with a higher risk of pre-test fail-
ures, particularly in anatomically tapered post spaces.
Similarly, SBS testing does not adequately simulate the
intraradicular environment and is less representative of
clinical conditions [27]. The push-out technique allows
for regional analysis (coronal, middle, apical), and pro-
vides more consistent results with simpler specimen
preparation. This makes it the preferred method in many
recent studies investigating post—dentin adhesion [14,
15, 28]. The segmental analysis afforded by this method
also enhances our understanding of how bonding per-
formance may vary along the root length. Given these
advantages, the use of the push-out test in the present
study ensured that the effects of the fiber sleeve design
could be evaluated under conditions closely approximat-
ing those found in clinical scenarios, while minimizing
variability due to technique sensitivity or test limitations.

Although testing human teeth presents challenges,
such as individual variability in mechanical proper-
ties and anatomical differences, it is highlighted that
extracted human teeth are the preferred choice for in
vitro testing [29]. Artificial models cannot fully repli-
cate natural dentin, and bond strength measurements
between dentin and post may not accurately reflect clini-
cal conditions. Furthermore, bovine teeth are less suit-
able for PBS testing due to their significant structural and
mechanical differences from human teeth [30, 31]. In this
study, caries-free and fracture-free mature human teeth
were selected to better approximate clinical conditions.
Specifically, single-rooted mandibular premolars with
straight roots were chosen due to their anatomically wide
oval root canal morphology in the buccolingual direction
and their compatibility with fiber post auxiliary compo-
nents, as supported by previous fiber post and push-out
studies [7, 11, 12].

To simulate intraoral conditions, methods such as ther-
mal cycling, mastication simulators, storage in solutions,
mechanical fatigue testing, pH variation testing, chemi-
cal aging, and high-pressure and heat testing are utilized.
These techniques are critical for reliably evaluating the
long-term durability, biomechanical performance, and
potential failure mechanisms of restorative materials
prior to clinical application. Among these, the mastica-
tion simulator distinguishes itself by closely replicating
dynamic and functional intraoral stresses through dual-
axis repetitive mechanical loading combined with ther-
mal stress, providing a realistic assessment of restoration
durability and performance under simulated clinical con-
ditions [21, 22]. Therefore, a mastication simulator was
employed in this study.
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To date, no studies have directly investigated the bio-
mechanical implications of resin cement occupying the
internal volume of hollow fiber sleeves such as those
used in the SAP system. This lack of data highlights a
current gap in the literature, which this study aims to
begin addressing by evaluating the bonding performance
and structural integration of such sleeve—cement—post
assemblies. In the current literature, a study has been
identified in which the SAP system was aged chemically
using 0.4% sodium azide, resulting in a significant reduc-
tion in PBS values [15]. However, to date, no study has
been found that analyzes the PBS values of the SAP sys-
tem after aging in a mastication simulator. According to
the literature, 240,000 cycles are reported to be equiva-
lent to one year of clinical use [32], and this study simu-
lated one year of aging. Aging of glass fiber-based posts
in mastication simulators has yielded varying results.
Farina et al. [21] performed a chewing simulation of
250,000 cycles and found no significant difference in PBS
values between aged and non-aged specimens. In con-
trast, Cecchina et al. [22] and Kole et al. [23] reported
that 250,000 cycles of mastication simulation resulted in
a significant decrease in PBS values. In the present study,
mastication simulator aging did not yield a significant
difference in PBS values for the group where the post was
used alone; however, a significant decrease was observed
in the group incorporating the sleeve.

Studies have demonstrated that the push-out bond
strength of glass fiber posts significantly decreases with
the use of thicker resin cement layers [7, 8]. This phenom-
enon is attributed to the C-factor, which amplifies polym-
erization shrinkage and results in voids within the resin
cement layer [33, 34]. Therefore, optimizing resin cement
thickness by considering root canal anatomy is essential
when selecting glass fiber posts [5, 8, 35]. To address this
issue, the newly developed SAP system has been intro-
duced, though studies on its bond strength to root canals
remain limited. Alves Dos Santos et al. [15] compared
the SAP system to conventional fiber posts and reported
that, among non-aged specimens, the SAP system exhib-
ited significantly higher bond strength. After six months
of chemical aging, both systems showed reduced bond
strength, but the SAP system maintained significantly
higher values across all root regions. Similarly, Lopes et
al. [14] compared the PBS values of SAP and custom-fit-
ted fiber posts adapted with resin. Despite no significant
differences in PBS between resin types or root regions,
the SAP system achieved notably higher PBS values com-
pared to conventional posts. In our study, groups using
the complete SAP system (fiber sleeve+post) demon-
strated significantly higher PBS values than those using
the post alone. The SAP system achieved improved
post adaptation by providing homogeneous integration
between the post, sleeve, and cement. Moreover, the
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fiber sleeve of the SAP system acted as an auxiliary post,
enhancing bond strength in expanded and compromised
root canals [16]. In contrast, the lower bond strength
observed in the post-only group can be attributed to
shrinkage stresses caused by the thicker cementation
layer [36]. Regardless of post type or aging, the highest
bond strength was observed in the coronal region. This
can be attributed to enhanced polymerization in the
coronal region due to more effective light activation and
the increased penetration of resin cement into the larger
dentinal tubules present in this area [25, 37].

Lopes et al. [14], in their investigation of failure modes
for SAP and customized post systems, reported that
cohesive failure was observed exclusively in the SAP
groups. Similarly, Alves Dos Santos et al. [15], in their
study comparing SAP with conventional fiber posts,
found a higher incidence of cohesive failure in the SAP
system compared to conventional fiber posts. Both stud-
ies identified adhesive failure at the dentin-cement inter-
face as the most prevalent failure mode, consistent with
the findings of our study. Additionally, Alves Dos Santos
et al. [15] compared the failure modes of SAP and con-
ventional fiber posts before and after six months of aging.
In alignment with our findings, their study revealed an
increased rate of adhesive failure at the dentin-cement
interface in aged groups.

This study has several limitations that should be
acknowledged. Although efforts were made to stan-
dardize the post space geometry through stepwise canal
enlargement using Gates-Glidden drills followed by
refinement with the dedicated SAP system drill, natural
anatomical variability in human teeth remains an inher-
ent limitation of in vitro studies. The use of this instru-
mentation protocol was based on the need to achieve
consistent internal canal dimensions across all speci-
mens. Direct quantification of resin cement thickness
was not performed, which may be considered a limita-
tion. However, the use of a controlled and tapered canal
preparation protocol is widely accepted in the literature
as an effective indirect method to promote consistency in
cement distribution and reduce bonding variability [9, 13,
33]. In the sleeve-assisted group, the resin cement occu-
pied both the interface between the post and dentin as
well as the internal lumen of the fiber sleeve. Due to its
inner C-shaped cross-sectional configuration, the sleeve
does not form a closed cylindrical structure. This design
enables the cement to integrate within both internal and
peripheral spaces, forming a unified post—sleeve—cement
complex. As a result, conventional definitions of cement
thickness may not fully apply to this integrated system.
Finally, although a mastication simulator was used to
simulate functional loading, future studies may improve
upon this by incorporating longer aging durations or
increased cyclic loading. Additionally, the absence of a
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conventional fiber post control group may be viewed as a
limitation; however, this choice was intentional to isolate
the specific effect of the fiber sleeve component. Future
studies incorporating advanced imaging techniques such
as SEM, micro-CT, or confocal laser scanning micros-
copy may provide further insight into the structural
integrity of the sleeve—post interface following aging.

Conclusions

The SAP system groups incorporating the fiber sleeve
exhibited significantly higher PBS values compared to
groups without the sleeve. Although aging procedures
resulted in a reduction in bond strength, this decrease
was statistically significant only in certain comparisons.
Notably, cohesive failures were observed exclusively in
the fiber sleeve groups, underscoring the sleeve’s role in
enhancing the structural integrity of the SAP system.

Abbreviations
PBS Push-out bond strength

Group S Single adjustable post and sleeve together

Group Sys  Single adjustable post and sleeve together, aged in mastication
simulator

Group P Single adjustable post only

Group Pys  Single adjustable post only, aged in mastication simulator

SAP Single adjustable post

NaOCl Sodium hypochlorite
EDTA Ethylenediamine tetraacetic acid
MPa Megapascal
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