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Abstract: Objectives: This study was designed to assess the effectiveness of chitosan as a coupling
agent for improving the tensile bond strength of fiber posts. Methods: A total of 91 single-rooted
mandibular teeth were root canal-filled. Post spaces were created and categorized into seven groups:
Group A (Control), Group B (Silane), Group C (Chitosan), Group D (37% Phosphoric acid + Silane),
Group E (37% Phosphoric acid + Chitosan), Group F (10% Hydrogen Peroxide + Silane), and Group G
(10% Hydrogen Peroxide + Chitosan). Posts were cemented and tensile bond strength was measured,
while the morphological structure of the fiber posts was analyzed using Scanning Electron Microscopy.
One-way (ANOVA) and Tukey’s multiple comparison tests were performed at a level of significance of
5%. The percentages of fracture patterns among the groups were compared. Results: 10% Hydrogen
peroxide + Chitosan exhibited the significantly highest tensile bond strength (p < 0.001). Adhesive
failures were more frequent in Groups A, B, C, and D, whereas cohesive failures within the resin
cement were predominant in Groups E, F, and G. Conclusions: The protocol of using 10% hydrogen
peroxide followed by a chitosan coupling agent significantly improved tensile bond strengths for glass
fiber posts, which highlights the potential of using chitosan as a natural biopolymer and an alternative
to synthetic coupling agents to develop more effective bonding strategies for dental restorations.

Keywords: chitosan; silane; tensile bond strength; glass fiber posts; self-adhesive cement

1. Introduction

Root canal-treated teeth often lack sufficient coronal structure to support an extra-
coronal restoration due to the significant loss of tooth material during root canal therapy. In
such scenarios, the use of posts becomes essential [1]. Traditionally, custom-cast posts and
cores have been used; however, research has indicated that the disparity in elastic modulus
between these metallic materials and the surrounding dentin can cause stress concentration
in the cement layer, potentially leading to restoration failure [2]. Furthermore, root fractures
are a frequent complication associated with these post systems [3]. To mitigate these issues,
various prefabricated post systems have been developed and successfully implemented in
clinical practice, offering benefits such as reduced chair time and lower costs for patients.
Nonetheless, the need to continually assess different post systems remains critical for
making informed, evidence-based clinical decisions [4].
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Post retention is a key factor in ensuring the longevity of restorations applied to en-
dodontically treated teeth. Retention values provide a straightforward and efficient means
of evaluating the stability of posts [5]. Posts with higher retention are more capable of re-
sisting dislodgement due to lateral occlusal forces, thereby enhancing the overall durability
of the restoration [6]. The fiber posts’ retention within the root canal is contingent upon
the bond strength among the various components of the composite ‘sandwich’ structure,
which includes the post, cement, and dentin [7]. It is estimated that 60% of failures in fiber
posts are adhesive failures at the GFP/cement interface. Therefore, establishing a strong
bond between the glass fiber post and the resin cement is crucial. Numerous post surface
treatment approaches have been documented to enhance the surface energy properties of
fiber posts [8]. The bond strength at the GFP/cement interface can be enhanced through
the chemical process of silanization of the post surface [9]. Despite the ongoing debate on
this topic, some research indicates that enhancing the post surface through roughening
techniques—such as micro-mechanical methods like sandblasting [10] or the application
of chemical etchant—can enhance the GFP retention when used with resin cement [11].
However, the efficacy of the micro-mechanical methods remains inconclusive [12,13].

Silane is the most popular coupling agent used with glass fiber posts. It bonds
chemically to the glass fiber posts through highly reactive functional groups [13]. Moreover,
silane can hydrolyze quickly, generating many Silanol groups that can stay stable for several
days [14]. Chemical etching of glass fiber posts with hydrogen peroxide or phosphoric
acid produced surface irregularities by dissolving the epoxy resin and exposing fibers,
which is the optimal surface for silanization [11,15]. Majeti et al. reported that the surface
treatment of posts with 37% phosphoric acid for 15 s promoted greater bond strength
and significantly improved the post’s ability to bond to the root dentin [16]. Furthermore,
Mosharraf et al. showed that hydrogen peroxide with silane for 60 s generates higher bond
strength, especially in the cervical region, with the lowest values in the untreated group
and the apical region [17].

Chemical post surface conditioning alone may not be sufficient to establish a proper
bond at the fiber post–resin cement interface. Several micro-mechanical treatment ap-
proaches have been developed to remove the surface layer of fiber posts, thereby exposing
the glass fibers for effective silanization processes [13]. The combined approach, known as
alternative etching methods, integrates both chemical and micro-mechanical techniques [18].
Some studies showed that common post surface treatment approaches carry the risk of
damaging the glass fibers and compromising the structural integrity of the post [12,17,19].

Clinically applied chemical post surface treatments include coating the post with a
silane preceded by acid etching of the post surface [20]. Silane application is believed to
increase the GFP surface wettability, hence increasing the adhesion and chemically linking
the methacrylate groups of the resin with the hydroxyl groups of the glass fibers [21]. While
it is suggested that silane application may enhance the bonding ability of fiber posts, some
studies have reported no significant effect [22,23].

Dental materials have undergone significant advancements over the years. The de-
velopment of polymer-based materials has greatly expanded the scope of composite
dentistry [24]. Modern composites are now designed to be biointeractive, addressing
challenges such as secondary caries and mechanical failures. These innovations aim to
enhance the durability and longevity of dental restorations, offering improved outcomes
for patients [25].

Chitosan (1,4)-2-deoxy-b-D-glucan) is an alkaline derivative of chitin and is the second
most abundant natural polymer after cellulose. It offers several advantages, including
non-toxicity, excellent biocompatibility, biodegradability, and chemical stability. The chi-
tosan molecule consists of dimer units connected by a β (1 → 4) glycosidic bond. The
molecular structure of chitosan is distinguished by the repetition of these dimer units [26].
One of the notable advantages of chitosan is its insolubility in both water and diluted
acids. Chitosan contains a high concentration of hydroxyl and amino groups, which en-
dows it with significant chemical reactivity. Additionally, its molecular components can
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establish both intramolecular and intermolecular hydrogen bonds, contributing to its ex-
cellent film-forming capabilities [27]. Chitosan has been extensively applied in dentistry
and biomaterials, demonstrating significant potential in tissue engineering, particularly in
bone regeneration, guided tissue regeneration, and pulp regeneration [28,29]. Beyond its
biological applications, its unique properties have been explored in dental restorations [30],
where it has been used to modify glass ionomer cements [31] and dental adhesives, im-
proving mechanical properties and introducing antibacterial effects [32]. Consequently,
incorporating chitosan into the adhesive system not only facilitates effective reactions but
also enhances the film-forming properties on the post surface, potentially leading to the
development of adhesives with superior characteristics [33].

Despite extensive laboratory research on glass fiber post surface treatments, there is no
agreement on the most effective one for achieving the best adhesive properties. There is a
need for novel approaches to enhance the bond strength and reliability of GFP restorations.
The current study was designed to assess and compare the tensile bond strength of GFPs
treated with chitosan to other conventional surface treatments. The null hypothesis verified
in this study was that there were no significant differences in bond strength between fiber
posts and resin cement across the various surface treatment groups.

2. Materials and Methods
2.1. Ethical Approval

The current study was approved by the Institutional Review Board, College of Den-
tistry, Imam Abdulrahman Bin Faisal University, with the number (IRB-2024-02-177). Dur-
ing teeth collection, informed consent was secured from all participants.

2.2. Sample Size Estimation

G*Power software (version 3.1; University of Dusseldorf) was used to calculate the
sample size. The effect size (d) was 0.5, α was 0.05, and 1-β (power) was 0.80. The suitable
specimen size of 91 samples was calculated according to the tensile bond strength of the
conventional GFPs from previous study [34].

2.3. Teeth Selection and Post Space Preparation

For this study, 91 single-rooted, non-restored, and non-carious human mandibular
premolar teeth of similar dimensions were selected from extracted specimens. Radiographic
examination was conducted to verify that each tooth presented a straight single-rooted
canal with a fully developed apex. Digital calipers were used to ensure that the root
lengths were within a range of 14–16 mm and crown size of 10 mm mesiodistally and
10 mm buccolingually. No evidence of dental caries, cracks, or fractures was observed.
Following extraction, teeth were preserved in a 0.5% Chloramine-T solution at 4 ◦C in a
darkened environment. These specimens were used within 6–8 weeks of extraction [35].
One experienced operator performed the post space preparations to eliminate any bias.
Prior to the study, the operator prepared 10 sample teeth not included in the study to
ensure consistency. For the samples and the post space preparation, we adhered to the
same protocol established in a previous study [36]. Teeth were cut 2 mm coronal to the
CEJ, and the pulpal tissue was removed. Crown-down technique was used to prepare
the canals with nickel–titanium rotary files. Root canals were cleaned with 5.25% NaOCl
and obturated with lateral condensation technique using GP and AH26 root canal sealer.
The obturated teeth roots were stored in 100% relative humidity for 7 days. Afterward,
post spaces were prepared using reamers and drills to a depth of 8 mm and a diameter
of 1.5 mm, followed by irrigation with NaOCl. Fiber posts were passively fitted into the
post spaces, and moisture content was maintained throughout the procedure. The roots
were notched with carbide burs, and the specimens were fixed in auto-polymerizing acrylic
resin. Detailed information on the materials and equipment used in the current study is
listed in Figures 1 and 2.
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2.4. Sample Grouping and Post Surface Treatment

Prior to surface treatment, each post was tested within the root canals, cleaned with
70% ethyl alcohol, and subsequently air-dried. Samples were then categorized into seven
equal groups (n = 13) according to the specific post surface treatment applied, as detailed
in Figure 3.
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2.5. Post Cementation

Prior to GFP cementation, post spaces were disinfected with 5.25% NaOCl, water-
rinsed, and dried. The cementation process was performed using RelyX Unicem following
the manufacturer’s instructions [34]. The cement was injected into the post space using a
syringe elongation tip, beginning at the apical third and moving towards the cervical third
until the cement overflowed, which helped to minimize bubble formation, which could
affect adhesion. Resin cement was applied to the posts before they were inserted into the
prepared root canal spaces with gentle finger pressure. The excess cement was carefully
removed using an applicator tip to ensure a clean finish. After photopolymerization, a
layer of composite resin was applied coronally to each root and light-cured for 40 s. The
extended part of the post beyond the canal was left untrimmed. Afterward, roots were
stored in distilled water at 37 ◦C for 24 h for tensile strength testing and failure mode
analysis as shown in Figure 4.
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2.6. Tensile Bond Strength Testing

The tensile bond strength was assessed using a universal testing machine. A metallic
pin was inserted through a hole located in the lower part of the acrylic resin cylinder
to ensure proper alignment with the lower articulation of the universal testing machine.
(Figure 5). The crosshead speed was applied to each sample via a hook that was connected
to the upper part of the universal testing machine while the loop was applied at the coronal
end of the post, and it was set at 0.5 mm/min. Testing continued until failure happened,
defined as post separation from the root canal; the forces necessary to detach the posts were
recorded. Samples where the posts separated from the acrylic core or broke within the root
canal were excluded from the analysis.
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2.7. Scanning Electron Microscopy and Failure Mode Analysis

The GFPs were sputter-coated with a thin layer of gold, mounted on stubs, and their
surface morphological structure was captured using Scanning Electron Microscopy (SEM).
The failure mode was determined as follows: adhesive failure, which indicates complete
separation at the GFP/resin cement interface; cohesive failure, which refers to fractures
occurring within the post or resin cement; and mixed failure, which involves characteristics
of both types [37].

The laboratory testing was assessed by two evaluators who were directed to apply the
same criteria for evaluating and analyzing the parameters of the current study. To verify
the consistency and agreement between the two evaluators’ assessments, Cohen’s Kappa
test was utilized. A Kappa value of 0.82 indicated a high degree of reliability between the
evaluators [38].

2.8. Statistical Analysis

Statistical analysis of the resultant data was performed using a statistical software
package (SPSS v16.0, SPSS Corp, Ill, Chicago, IL, USA). Shapiro–Wilk test showed normal
distribution of the data (p > 0.05). One-way analysis of variance (ANOVA) was applied to
compare the mean tensile strengths of various post surface treatments. Tukey’s multiple
comparison tests were conducted to detect which post surface treatment group was signifi-
cantly different. Cross-tabulation was used to compare the percentage of fracture patterns
among the studied groups. All statistical results were set at a level of significance of 5%.

3. Results

In this study, one-way analysis of variance (ANOVA) showed a statistically significant
difference in the bond strength among the tested groups (p < 0.001). The H2O2–Chitosan
group (G) achieved the highest mean (SD) bond strength value (472.8 ± 34 N), significantly
outperforming all other groups (p < 0.001). The least mean (SD) bond strength value was
recorded for posts in Group A (Control) (Mean = 268 ± 70 N). The PA–Chitosan group (E)
and the Chitosan group (C) also exhibited higher tensile bond strengths (330.6 ± 46 N and
300.3 ± 51 N, respectively) compared to the Control group (A) (268.0 ± 70 N) and the Silane
group (B) (279.8 ± 49 N). Tukey’s post hoc test (multiple comparisons) showed statistically
significant difference in the bond strength between Group A (Control) and the other test
groups C (Chitosan), D (H3PO4–Silane), E (H3PO4–Chitosan), F (H2O2–Silane), and G
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(H2O2–Chitosan), where the p-values are <0.05; <0.05, <0.05, <0.05 and <0.001, respectively,
as shown in Table 1.

Table 1. Comparison of means and standard deviations (SD) of forces required to dislodge posts
newtons) among the tested groups.

Means Std.
Deviation Std. Error

95% Confidence Interval
for Mean

Minimum Maximum p-Value
Lower
Bound

Upper
Bound

(A) Control 268.0892 a 70.2765 19.491 225.62 310.556 185.98 371.71

<0.001

(B) Silane 279.8954 a 49.4014 13.701 250.04 309.748 204.99 351.34

(C) Chitosan 300.3915 a,b 51.2316 14.209 269.43 331.350 201.84 375.64

(D) H3PO4–Silane 293.2931 b 50.3383 13.961 262.87 323.712 203.21 369.28

(E) H3PO4–Chitosan 330.6600 c 46.5409 12.908 302.53 358.784 251.84 385.68

(F) H2O2–Silane 326.3015 c 36.0140 9.9885 304.53 348.064 280.28 396.02

(G) H2O2–Chitosan 472.8469 34.9147 9.6836 451.74 493.945 414.11 508.22

Vertical superscripts indicate no statistical significance at p ≤ 0.05.

Table 2 shows that adhesive failures were predominantly observed in the Control
(76.9%), Silane (69.2%), and Chitosan-only groups (23.1%), indicating weaker bonding at
the post–cement interface in these groups. Cohesive failures within the resin cement were
more frequent in the PA + Chitosan (61.5%), H2O2 + Silane (53.8%), and H2O2 + Chitosan
(76.9%) groups, correlating with their higher tensile bond strengths. Mixed failures were
less common but occurred across groups, reflecting intermediate adhesion qualities. The
data suggests that higher tensile bond strengths are associated with a shift from adhesive to
cohesive failure modes, particularly in groups treated with chitosan and hydrogen peroxide.
This indicates a stronger bond and improved integration at the interface.

Table 2. Percentage distribution of the failure pattern of GFPs in each study group.

Percentage of Failure Pattern Test Group

Adhesive% Cohesive% Mixed%

Group (n = 13)

Group A (Control) 10 (76.9%) 3 (23.1%) 0 (0.0%)

Group B (Silane) 9 (69.2%) 2 (15.4%) 2 (15.4%)

Group C (Chitosan) 3 (23.1%) 5 (38.5%) 5 (38.5%)

Group D (H3PO4–Silane) 3 (23.1%) 6 (46.2%) 4 (30.8%)

Group E (H3PO4–Chitosan) 4 (30.8%) 9 (61.5%) 0 (0%)

Group F (H2O2–Silane) 3 (23.1%) 7(53.8%) 3 (23.1%)

Group G (H2O2–Chitosan) 2 (15.4%) 10 (76.9%) 1 (7.7%)

n = 91 34 (37.4%) 42 (46.2%) 15 (16.5%)

SEM Analysis

The representative SEM images for different post surface treatment protocols after the
debonding used in the study groups are shown in Figure 6.

The SEM images reveal a surface of intact post fibers with residual resin cement
distributed across the post, indicating cohesive failure within the resin, as shown in
Figure 6A–D. The roughened surface morphology, created by etching and enhanced by
the Chitosan coupling agent, suggests a strong chemical bond and mechanical interlock,
correlating with higher bond strength. The SEM images of the post surface of the groups
showed a more continuous coat of resin cement (as shown in Figure 6F,G). The surfaces ex-
hibited smoother morphologies with minimal residual resin, reflecting weaker mechanical
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interlocking and poorer chemical adhesion and resulting in lower bond strength perfor-
mance (as shown in Figure 6A,B). A distinct crack shown in the post surface of Group F
may suggest areas where the tensile force during debonding exceeded the cohesive strength
of the resin cement, leading to cohesive failure within the resin layer.
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4. Discussion

Fiberglass posts are the preferred choice for restoring teeth that have experienced
significant coronal loss following root canal treatment, primarily because their modulus
of elasticity closely resembles that of root dentin. This matching helps to minimize the
external forces exerted on the dentinal walls, thereby lowering the risk of vertical root
fractures [13,39]. Despite the advantages of fiberglass posts, previous research has revealed
that the loss of adhesion at the cement post interface remains a concern that requires
further investigation [40]. Physical methods like post design have been developed to
enhance the post retention [41]. Given the interdependence of post retention on chemical
factors and surface treatment, this study investigates the combined effects of coupling
agent application and post surface conditioning [42]. The surface treatments selected for
our study, particularly phosphoric acid and hydrogen peroxide as etchants and the silane
coupling agent, were chosen due to their clinical relevance and known effectiveness in
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enhancing bond strength [13,15]. In the current study, the results indicated significant
statistical differences in the tensile bond strength among the various experimental groups
tested, which led to the rejection of this study’s null hypothesis.

Chitosan showed the best result when used as a coupling agent either solely or when
preceded by an etchant for the GFP surface treatment (p < 0.05). Chitosan, acting as a
bifunctional coupling agent, facilitates a chemical bond between the organic component of
the resin cement and the inorganic component of the GFP, thereby enhancing the post’s
wettability [43]. The reactive functional groups, such as amine (-NH2) and hydroxyl (-OH)
groups, can form hydrogen bonds and covalent interactions with both the glass fiber post
surface and resin cement components. Its amphiphilic nature allows chitosan to interact
with both hydrophilic (glass fiber) and hydrophobic (resin) surfaces, thereby enhancing
interfacial adhesion [44]. Additionally, chitosan exhibits a film-forming ability, creating
a thin, uniform layer on the post surface that increases the surface area for bonding and
improves stress distribution [45]. Chitosan’s hydroxyl groups can form hydrogen bonds
with the silanol groups on the glass fiber surface, enhancing wettability and adhesion [46].
Furthermore, the amino groups of chitosan can react with functional groups in the resin
cement (e.g., epoxy or carboxyl groups), resulting in strong chemical bonds [47]. These
mechanisms collectively contribute to improved interfacial adhesion and enhanced tensile
bond strength. Assis et al. [48] reported that the usage of chitosan can increase the mechani-
cal properties by decreasing the formation of flaws and crack growth on the surface of resin
cement. This was reported by Tan et al. [49] in 2018, who reported that when using chitosan
as a coupling agent in phosphate glass fiber/polycaprolactone (PGF/PCL) composites, it
increased the tensile strength up to 1.1–11.5%.

Furthermore, the chitosan coating can fill existing flaws and defects, thereby blunting
the tips of any cracks present. Upon drying, the chitosan coating can induce compressive
stresses on the fiber surface, which helps prevent the initiation and propagation of cracks.
Additionally, previous research has suggested that chitosan can form entangled networks in
acidic aqueous environments through self-crosslinking. This crosslinking process involves
two structural units that may originate from the same chitosan polymer chain or from
different chains, which leads to the formation of a cohesive network that enhances the
overall integrity of the fiber surface [50]. This is evident in the SEM images (E, G), which
demonstrate that the cohesive mode of failure is predominantly observed in chitosan-
treated glass fiber posts.

Previous studies have indicated that single-surface treatment methods alone are
insufficient for establishing a strong adhesive bond at the post–cement interface [51,52]. In
the current study, 37% phosphoric acid and 10% hydrogen peroxide etchants were used
to roughen the post surface enabling the coupling agent and primer to have more contact
and interaction with the post fibers [15,53]. The results showed that glass fiber posts etched
with 10% H2O2 showed higher tensile bond strength values (472.8 + 34 N) than those
treated with 37% H3PO4 (330.6 + 46 N). This might be due to the dissolution of the resin
matrix within the post through an oxidation mechanism, which creates surface roughness,
exposes the fibers, and facilitates a strong chemical bond between the coupling agent and
the post. This comes in accordance with Alshahrani et al. [10], who reported that the best
bond strength was recorded when using an H2O2 etchant. However, the variability in the
methodology employed, including differences in the type of post, manufacturer origin,
tooth selection, technique, and filling material, may contribute to the observed differences
in the results across studies [15]. All these findings can highlight the best tensile bond
strength gained in this study when combining the H2O2 surface conditioning and chitosan
coupling agent to reach the maximum tensile bond strength.

The findings of the current study demonstrated that the GFP etched with 10% H2O2
and coated with Chitosan predominantly exhibited cohesive failure within the resin cement,
while the adhesive mode of failure at the post–cement interface was shown in the untreated
fiber posts and the silane-coated fiber post. On the contrary, the mixed mode of failure was
mostly demonstrated with the group of chitosan only, which highlighted the importance of
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using H2O2 etchant to enhance the micromechanical bonding in addition to the chemical
bonding for the best tensile bonding results.

While the present study provides valuable results, it is challenging to directly correlate
the in vitro experimental conditions with actual clinical situations. In the oral environment,
teeth are subjected to a complex combination of forces, including compressive occlusal
loads, and shear and bending stresses. This multifactorial loading scenario in the clinical
setting may not be fully replicated by the experimental setup, which could limit the direct
applicability of the in vitro findings. Another limitation is that the study exclusively used
solid glass fiber posts. However, this study could serve as a foundation for advancing
research on improved bonding protocols for various dental materials to enhance the
longevity and reliability of dental restorations using different post designs. Additionally,
it could explore different formulations of chitosan, including blends with other natural
polymers or synthetic materials, to further optimize the bonding properties and mechanical
strength of dental restorations.

5. Conclusions

Based on the findings of this study, the following conclusions were drawn:

1. The incorporation of chitosan as a coupling agent for the surface treatment of GFP
demonstrates a significant enhancement in tensile bond strength when compared to
traditional silane coupling agents.

2. The highest tensile bond strength was achieved when the posts underwent prior
surface conditioning with a hydrogen peroxide etchant.

3. These findings suggest that utilizing chitosan in conjunction with appropriate surface
conditioning can positively influence the longevity of glass fiber posts, reducing the
likelihood of post failure.

4. This study highlights the potential of using chitosan as a natural biopolymer alter-
native to synthetic coupling agents to develop more effective bonding strategies for
dental restorations.

6. Recommendations

It is recommended that dental practitioners consider incorporating chitosan-treated
glass fiber posts into their restorative procedures, particularly in cases where maximum
bond strength is crucial, such as in teeth with minimal remaining coronal structure or high
occlusal loads. However, as with any new technique, we advise clinicians to stay informed
about ongoing research and long-term clinical studies before fully adopting this approach.
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