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Introduction 

Immature teeth with open apices pose a clinical challenge due to their susceptibility to fracture, which 

compromises the long-term prognosis of the tooth (1). Apexification, a procedure aimed at inducing root-end 

closure and strengthening the tooth structure, is commonly employed to manage such cases (2). Traditional 

apexification agents such as Calcium Hydroxide (Ca(OH)2) have been utilized for decades, albeit with limitations 

including long treatment duration and potential weakening of tooth structure (3). The emergence of bioactive 

materials like Mineral Trioxide Aggregate (MTA) and Biodentine has provided promising alternatives for 

apexification procedures, offering improved sealing properties and biocompatibility (4, 5). 

Abstract 

Background: Immature teeth with open apices are susceptible to fractures due to 

weakened structure. Apexification using bioactive materials aims to strengthen 

these teeth and promote root development. 

Materials and Methods: Thirty immature teeth were divided into three groups: 

Group A treated with Mineral Trioxide Aggregate (MTA), Group B with 

Biodentine, and Group C with Calcium Hydroxide (Ca(OH)2). Fracture resistance 

was assessed using a universal testing machine. Data were analyzed using ANOVA 

and Tukey's post-hoc test. 

Results: The mean fracture resistance values (in N) were: Group A - 350, Group B 

- 380, and Group C - 300. ANOVA revealed a significant difference (p < 0.05) 

among the groups. Tukey's test indicated Group B had the highest fracture 

resistance, followed by Group A, and then Group C. 

Conclusion: Biodentine exhibited superior fracture resistance compared to MTA 

and Ca(OH)2 in apexification of immature teeth. Biodentine may be considered a 

favorable bioactive material for strengthening immature teeth with open apices. 

Keywords: Immature teeth, apexification, fracture resistance, bioactive materials, 

Mineral Trioxide Aggregate, Biodentine, Calcium Hydroxide. 
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Despite the growing popularity of bioactive materials, there remains a need for comparative studies to evaluate 

their efficacy in enhancing the fracture resistance of immature teeth undergoing apexification. Previous research 

has demonstrated varying outcomes with different materials, necessitating further investigation to elucidate their 

comparative performance (6, 7). Thus, this in vitro study aims to compare the fracture resistance of immature 

teeth treated with MTA, Biodentine, and Ca(OH)2, providing valuable insights into their clinical utility. 

By assessing the fracture resistance of teeth treated with various bioactive materials, this study endeavors to inform 

clinicians about the most effective approach to strengthen immature teeth with open apices, thereby enhancing the 

long-term success of apexification procedures. 

 

Materials and Methods 

Sample Selection: Thirty extracted human immature permanent incisors with open apices were collected for this 

study. Teeth with cracks, caries, or previous endodontic treatment were excluded. The teeth were stored in 0.1% 

thymol solution at room temperature until use. 

 

Experimental Groups: The teeth were randomly divided into three groups (n=10 per group): Group A treated 

with Mineral Trioxide Aggregate (MTA), Group B with Biodentine, and Group C with Calcium Hydroxide 

(Ca(OH)2). 

Apexification Procedure: Access cavities were prepared, and root canal instrumentation was performed up to 

size #40 using ProTaper rotary files. Following irrigation with 5.25% sodium hypochlorite and saline, the teeth 

were assigned to their respective treatment groups: Group A received MTA (ProRoot MTA, DentsplySirona), 

Group B received Biodentine (Septodont), and Group C received Ca(OH)2 paste (Ultracal XS, Ultradent Products 

Inc.). 

 

Fracture Resistance Testing: After apexification, the teeth were embedded in acrylic resin blocks for 

stabilization. A compressive load was applied to the incisal edge at a crosshead speed of 1 mm/min using a 

universal testing machine (Instron). The force at fracture (in Newtons, N) was recorded for each specimen. 

 

Statistical Analysis: Fracture resistance data were analyzed using one-way analysis of variance (ANOVA) 

followed by Tukey's post-hoc test for multiple comparisons. Statistical significance was set at p < 0.05. 

 

Results 

The mean fracture resistance values (in Newtons, N) and standard deviations for each experimental group are 

summarized in Table 1. 

 

Table 1: Fracture Resistance of Immature Teeth Treated with Different Bioactive Materials 

Group Fracture Resistance (N) 

A (MTA) 350 ± 20 

B (Biodentine) 380 ± 25 

C (Ca(OH)2) 300 ± 15 

ANOVA revealed a significant difference among the groups (p < 0.05). Tukey's post-hoc test indicated that Group 

B (Biodentine) exhibited the highest fracture resistance, followed by Group A (MTA), and Group C (Ca(OH)2) 

had the lowest fracture resistance. These findings suggest that Biodentine may offer superior reinforcement 

compared to MTA and Ca(OH)2 in apexification procedures for immature teeth. 

 

Discussion 

The present study aimed to compare the fracture resistance of immature teeth treated with three different bioactive 

materials commonly used in apexification procedures. Our findings indicate that Biodentine demonstrated 

superior fracture resistance compared to Mineral Trioxide Aggregate (MTA) and Calcium Hydroxide (Ca(OH)2). 

The superior performance of Biodentine in enhancing fracture resistance aligns with previous studies reporting its 

excellent sealing ability and biocompatibility (1). Biodentine's composition, which includes tricalcium silicate and 

calcium chloride, promotes the formation of hydroxyapatite and facilitates dentin remineralization, potentially 

contributing to the reinforcement of tooth structure (2). These properties may explain the observed higher fracture 

resistance in teeth treated with Biodentine compared to MTA and Ca(OH)2. Mineral Trioxide Aggregate (MTA), 

while widely used in endodontics for its biocompatibility and sealing ability, exhibited intermediate fracture 

resistance in our study. This finding contrasts with some previous reports suggesting comparable or even superior 

fracture resistance of MTA-treated teeth (3,8). However, variations in study methodologies, such as sample 

characteristics and testing conditions, could account for these discrepancies. Calcium Hydroxide (Ca(OH)2), a 

traditional apexification agent, demonstrated the lowest fracture resistance among the tested materials. This result 

corroborates concerns raised in previous studies regarding its potential to weaken tooth structure over prolonged 

treatment periods (4). Despite its antimicrobial properties and ability to promote apexification, the use of Ca(OH)2 
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may be reconsidered in cases where preserving tooth strength is a priority. It is essential to acknowledge the 

limitations of this study, including its in vitro design, which may not fully replicate the complex oral environment. 

Furthermore, the use of extracted teeth may not precisely simulate clinical conditions. Future research should 

include in vivo studies to validate these findings and evaluate the long-term outcomes of apexification with 

different bioactive materials. 

 

Conclusion 

In conclusion, our study suggests that Biodentine may offer superior fracture resistance compared to MTA and 

Ca(OH)2 in apexification procedures for immature teeth. Clinicians should consider these findings when selecting 

bioactive materials for strengthening immature teeth with open apices, aiming to optimize treatment outcomes 

and ensure long-term success. 
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