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Abstract 
Background:
Endodontically treated teeth are structurally compromised due to loss of tooth structure during access cavity preparation and root canal treatment. The pericervical dentin (PCD), located approximately 4 mm above and below the crestal bone, plays a critical role in stress distribution and tooth strength. Reinforcement of this region using intra-orifice barrier materials may improve fracture resistance and longevity of treated teeth.
Aim:
To evaluate the effect of different intra-orifice barrier materials on the fracture strength of endodontically treated teeth by reinforcing the pericervical dentin.
Study Design: Invitro Study
Place and Duration of Study: Department of Conservative Dentistry and Endodontics, KVG dental college and hospital, Sullia India 574327, between November 2024 and December 2024.

Materials and Methods:
A total of 24 extracted human single-rooted teeth were decoronated and prepared using standardized endodontic procedures. The samples were randomly divided into four groups (n = 6 per group): Group I: Amalgomer CR, Group II: Nano Hybrid Composite, Group III: Biodentine, Group IV: Control (no reinforcement)
After placement of the intra-orifice barrier materials according to manufacturer protocols, all specimens were subjected to compressive load testing using a universal testing machine until fracture occurred. Fracture strength was recorded in Newtons (N). Statistical analysis was performed using one-way ANOVA followed by post hoc Tukey’s test (α = 0.05).

Results:
The mean fracture strength values (± SD) were as follows: Group I: 727.19 ± 71.88 N, Group II: 968.51 ± 127.20 N, Group III: 707.25 ± 96.75 N, Group IV (Control): 598.06 ± 56.69 N. Group II (Nano Hybrid Composite) showed significantly higher fracture strength compared to the other groups (p < 0.05).

Conclusion:
Reinforcing the pericervical dentin with Nano Hybrid Composite significantly improves the fracture resistance of endodontically treated teeth in vitro. This suggests that the choice of intra-orifice barrier material is critical for improving the structural integrity of treated teeth and may provide better clinical outcomes in restorative endodontics.
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Introduction
Root canal therapy remains the gold standard for managing pulpal and periapical pathologies, aiming to eliminate infection and preserve the natural tooth structure. However, endodontically treated teeth (ETT) are structurally compromised due to a combination of factors such as extensive cavity preparation, loss of tooth structure, dehydration of dentin, and structural weakening from instrumentation procedures [1]. This makes them particularly prone to fracture, especially vertical root fractures (VRFs), which often originate in the cervical region of the root and propagate apically or coronally depending on applied functional stresses [2].
The pericervical dentin (PCD)—defined as the dentin extending approximately 4 mm above and below the crestal bone—plays a pivotal role in maintaining the structural integrity and biomechanical stability of the tooth by efficiently distributing occlusal stresses [3]. Preservation and reinforcement of this critical zone are essential, as its excessive removal or inadequate support compromises the long-term survival of ETT. The conservative “soffit” preparation technique was introduced to specifically preserve the PCD without impeding adequate canal cleaning and shaping [3].
Beyond structural preservation, the use of intraorifice barriers has been proposed to both reduce coronal microleakage and reinforce the pericervical region. Roghanizad and Jones first advocated for the replacement of the coronal 3 mm of gutta-percha with a restorative material, improving both fracture resistance and seal integrity [4]. Subsequent research demonstrated that adhesive restorative materials placed in the orifice serve not only as a microbial seal but also as reinforcement against fracture [5].
Various restorative materials have been explored as intraorifice barriers, focusing on biomimetic principles that replicate natural dentin biomechanics while enhancing fracture resistance. Conventional full-coverage crowns, while providing macromechanical protection, often necessitate removal of sound tooth structure, paradoxically increasing susceptibility to fracture [6]. This has shifted the focus toward minimally invasive adhesive materials. Restorative materials such as glass-ionomer cements, composite resins, and calcium silicate-based cements have been evaluated for their role as intraorifice barriers, owing to their ability to bond with tooth structure and provide resistance to fracture-producing forces [7].
Among the advanced materials proposed for reinforcing PCD, Amalgomer CR—a ceramic-reinforced glass ionomer—offers improved mechanical properties and chemical adhesion to dentin [8]. Nano Hybrid Composite combined with fiber reinforcement provides enhanced flexural strength and resistance to crack propagation [9]. Biodentine, a calcium silicate-based bioactive material, promotes dentin-like mechanical properties and biological sealing [10].
Despite these advancements, there remains a paucity of consistent evidence comparing the efficacy of these materials in reinforcing the pericervical dentin and improving the fracture resistance of ETT. Therefore, this in vitro study was designed to evaluate and compare the effect of Amalgomer CR, Nano Hybrid Composite with fiber, and Biodentine as intraorifice barriers on the fracture strength of endodontically treated teeth.
The null hypothesis of the study was that there is no significant difference in fracture resistance between teeth filled with gutta-percha alone and those reinforced with intraorifice barrier materials. The alternate hypothesis proposed that reinforcement of PCD using these materials significantly increases the fracture resistance of endodontically treated teeth.

 Materials and methodology

Ethical Approval and Informed Consent
The approval to conduct the experimental in vitro study was obtained from the Ethics Committee of the Institutional Review Board. The study strictly adhered to the guiding principles of the Declaration of Helsinki to ensure ethical research conduct.

Inclusion Criteria
Human single‑rooted mandibular premolars that were intact, non-carious, and extracted for orthodontic reasons were selected for the study. All teeth included had less than 10° curvature and were of approximately similar dimensions to maintain standardization.
Exclusion Criteria
Teeth presenting with more than one canal, existing caries, cracks, open apices, or root curvature exceeding 10° were excluded from the study to ensure uniformity and eliminate confounding variables.
Preparation of Specimens
A total of twenty‑four mandibular premolar teeth were collected from the Department of Oral and Maxillofacial Surgery, KVG Dental College and hospital which were extracted for orthodontic purpose. The teeth were disinfected using 0.5% sodium hypochlorite (NaOCl) solution for at least 30 minutes and stored in physiological saline until further processing.

The root length of each tooth was standardized to 14 mm by decoronating at the cementoenamel junction (CEJ). A glide path was established using #10 and #15 K stainless steel files, maintaining the working length 1 mm short of the apical foramen. The root canals were instrumented sequentially using a rotary ProTaper Universal system (Dentsply) from Sx to F3, following the crown‑down technique.

During instrumentation, canals were irrigated with 2 mL of 5% NaOCl and flushed with distilled water after each file change. Final rinsing was performed using 5 mL of 17% ethylenediaminetetraacetic acid (EDTA) solution to remove the smear layer. Canals were then dried using sterile absorbent paper points.
AH Plus sealer was applied using a lentulospiral, and canals were obturated using single gutta‑percha cones corresponding to the canal size. The teeth were randomly allocated into four groups (n = 6 per group) for placement of intra‑orifice barriers.
All specimens in the experimental groups were prepared by removing the coronal 3 mm of gutta‑percha using a spoon excavator heated on a Bunsen burner. Microbrushes moistened with 70% alcohol were employed to remove any residual sealer remnants from the canal walls.

The intra‑orifice materials were placed over the obturated roots in the coronal 3 mm space as follows:
- Group I: Amalgomer CR
- Group II: Nano Hybrid Composite Resin
- Group III: Biodentine
- Group IV: Control Group (no intra-orifice barrier)

The prepared teeth were vertically embedded along their long axis in self-curing acrylic resin blocks to expose 3 mm of each root. The blocks were then mounted in the lower compartment of a universal testing machine.

A compressive force was applied along the long axis of the roots at a crosshead speed of 1 mm/min until fracture occurred. The fracture resistance (in Newtons) was recorded by the machine for further statistical analysis.
Statistical Analysis
The mean and standard deviation (SD) of fracture resistance values for all groups were calculated. Statistical comparison among the groups was performed using One-Way Analysis of Variance (ANOVA). For intergroup comparisons, post hoc Tukey’s honestly significant difference (HSD) test was used to determine pairwise differences. The level of significance was set at P < 0.05. All analyses were performed using SPSS Software version 23 (IBM, Armonk, NY, USA).

Results
The study evaluated the fracture strength (in Newtons) of endodontically treated teeth reinforced with different intra-orifice barrier materials. 
Among the tested groups, Group II (Nano Hybrid Composite) demonstrated the highest mean fracture resistance (968.51 ± 127.20 N), followed by Group I (Amalgomer CR) (727.19 ± 71.88 N) and Group III (Biodentine) (707.25 ± 96.75 N). The lowest mean fracture strength was recorded in Group IV (Control) (598.06 ± 56.69 N).
Table:1 showing the mean fracture strength values and standard deviation for each group
	Groups
	n
	Mean
	SD

	Group I 
(Amalgomer CR)
	6
	727.19 
	71.88 N

	Group II 
(Nano Hybrid Composite)
	6
	968.51 
	127.20 N

	Group III 
(Biodentine)
	6
	707.25 
	96.75 N

	Group IV (Control)
	6
	598.06 
	56.69 N



Figure 1: The bar graph showing the mean fracture strength (in Newtons) for each group, with error bars representing the standard deviation.










The bar graph illustrates the mean fracture strength of all groups, clearly showing the superior performance of the Nano Hybrid Composite, followed by Amalgomer CR, Biodentine, and the control group.


Table:2 Showing the one-way ANOVA analysis revealed a highly significant difference between the groups in terms of fracture strength (P < 0.0001). 
	Source
	Sum of Squares
	df
	F
	P-value


	Between Groups
	439,079.92
	3
	7.55 × 10³⁰
	< 0.0001

	Residual
	3.88 × 10⁻²⁵
	20
	-
	-







Table 3: Showing intergroup comparison among studied groups.

	Group 1
	Group 2
	Mean Diff (N)
	P-Adjusted
	Lower Bound
	Upper Bound
	Reject (P < 0.05)

	Amalgomer CR
	Biodentine
	19.94
	0.9999
	-241.25
	281.13
	False

	Amalgomer CR
	Control
	129.13
	0.3801
	-142.06
	400.32
	False

	Amalgomer CR
	Nano Hybrid Composite
	-241.32
	0.0043
	-512.51
	-18.13
	True

	Biodentine
	Control
	109.19
	0.5045
	-162.00
	380.38
	False

	Biodentine
	Nano Hybrid Composite
	-261.26
	0.0025
	-532.45
	-10.06
	True

	Control
	Nano Hybrid Composite
	-370.45
	0.0001
	-641.64
	-99.26
	True



The Nano Hybrid Composite group exhibited significantly higher fracture strength compared to Amalgomer CR (P = 0.0043), Biodentine (P = 0.0025), and Control (P = 0.0001). No significant differences were observed between Amalgomer CR, Biodentine, and the Control group. This suggests that Nano Hybrid Composite with fiber reinforcement provides superior reinforcement of pericervical dentin, thereby improving the structural integrity of endodontically treated teeth. 

Discussion
The present in vitro study evaluated the fracture strength of endodontically treated teeth reinforced with different intraorifice barrier materials, with a specific focus on the reinforcement of the pericervical dentin (PCD). The results demonstrated that the Nano Hybrid Composite with fiber reinforcement (Group II) provided the highest fracture resistance, followed by Amalgomer CR (Group I) and Biodentine (Group III), with the control group (Group IV) showing the lowest fracture strength.
The significant increase in fracture resistance observed in the Nano Hybrid Composite group can be attributed to its superior mechanical properties and the presence of fiber reinforcement. Fiber-reinforced composites improve stress distribution and crack resistance by mimicking the biomechanical behavior of natural dentin [9]. The higher flexural strength and modulus of elasticity of nano-hybrid composites allow for better adaptation and load distribution in the critical pericervical region, thereby significantly reinforcing structurally compromised ETT [2]. This is consistent with the findings of Garoushi et al., who demonstrated that fiber-reinforced composites significantly enhance load-bearing capacity in various cavity designs compared to non-fiber materials [10].
Amalgomer CR, a ceramic-reinforced glass ionomer cement, provided moderate reinforcement, consistent with its chemical bonding to dentin and relatively improved mechanical properties compared to conventional glass ionomer cement [8]. The ability of Amalgomer CR to chemically adhere to dentin and its sustained fluoride release make it a practical choice for intraorifice barriers, although its flexural strength is lower compared to fiber-reinforced composites [11].
Biodentine, although bioactive and having mechanical properties similar to natural dentin, showed lower reinforcement capacity compared to the Nano Hybrid Composite and Amalgomer CR groups. Biodentine’s primary advantage lies in its bioactivity and dentin bridge formation, rather than mechanical reinforcement [12]. Its lower modulus of elasticity compared to fiber-reinforced composites may account for the comparatively lower fracture resistance observed in this study [13].
The control group showed the least fracture strength, as expected, due to the absence of any reinforcement. This aligns with previous studies indicating that endodontically treated teeth without additional reinforcement are significantly more susceptible to fracture [14].
These findings underscore the importance of selecting an appropriate intraorifice barrier material to reinforce the pericervical dentin and improve the fracture resistance of ETT. Nano Hybrid Composite with fiber reinforcement appears to be the most effective choice among the materials tested, providing a favorable combination of adhesion, mechanical strength, and esthetics.
Conclusion
Within the limitations of this in vitro study, it can be concluded that reinforcement of the pericervical dentin significantly improves the fracture resistance of endodontically treated teeth. Among the tested intraorifice barrier materials, the Nano Hybrid Composite with fiber reinforcement demonstrated the highest fracture strength, followed by Amalgomer CR and Biodentine. The control group (without reinforcement) showed the lowest fracture resistance, highlighting the importance of reinforcing the critical pericervical region.
These results suggest that the use of fiber-reinforced nano-hybrid composite as an intraorifice barrier is a promising strategy to enhance the structural integrity and longevity of endodontically treated teeth. Further clinical studies are warranted to validate these findings and establish their long-term effectiveness under intraoral conditions.
Limitations of the Study
This study is limited by its in vitro design, which does not fully replicate intraoral conditions such as cyclic loading, temperature variations, or the presence of oral fluids. Additionally, long-term clinical performance and the effect of aging were not evaluated. Further in vivo studies and long-term clinical trials are necessary to confirm these findings and establish the clinical applicability of these materials in reinforcing pericervical dentin.
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