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Abstract 

This study investigates the impacts of titanium dioxide nanoparticles (TiO₂ NPs) and carbon fibers on 

the flexural strength of repaired denture fractures. Dentures frequently suffer from fractures, 

necessitating effective repair strategies to restore their structural integrity. The inclusion of advanced 

materials like TiO₂ NPs and carbon fibers has shown promise in enhancing mechanical properties. 

The experimental procedures involved the repair of fractured denture specimens using acrylic resin 

composites reinforced with TiO₂ NPs or carbon fibers. Following standardized protocols, the repaired 

specimens were subjected to flexural strength testing using a three-point bending test to simulate 

masticatory forces.  

The results demonstrated that TiO₂ NPs and carbon fibers significantly improved the flexural strength 

of repaired dentures compared to unreinforced acrylic resin repairs. The carbon fiber reinforcement 

yielded higher improvement in flexural strength than TiO₂ NP, possibly due to enhanced interfacial 

bonding and load distribution capabilities. On the other hand, TiO₂ NPs provided significant benefits 

like high biocompatibility and aesthetics. 

In conclusion, these findings highlight the potential of both materials in advancing dental repair 

technologies, providing pathways for durable and functionally resilient denture repairs. Future 

research should explore long-term durability and biocompatibility in vivo to fully validate their 

clinical efficacy. 

 

Keywords:Titanium Dioxide nanoparticles (TiO₂ NPs), Carbon fibers, flexural strength, denture 
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The growing prevalence of denture use among aging populations underscores the importance of 

developing reliable methods to repair denture fractures. Denture fractures typically occur due to 

material fatigue, accidental drops, and improper handling, leading to compromised functionality and 

increased patient discomfort. Traditional repair methods using acrylic resin have proven effective; 

however, enhancing the structural integrity to prevent recurrent fractures remains a significant 

challenge. Incorporating advanced materials like TiO₂ NPs and carbon fibers offers promising 

avenues to improve the flexural strength of repaired dentures.1-3 

TiO₂ NPs have garnered considerable attention in the dental field because of their unique properties 

like excellent biocompatibility, high surface area, and enhanced mechanical properties. Their addition 

to dental composites can potentially improve the mechanical strength and durability of the material. 

Studies suggest that nano-reinforcement results in better stress distribution and resistance to crack 

propagation, critical factors in maintaining the integrity of repaired dentures under functional loads.4-
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On the other hand, Carbon fibers are well known for their exceptional mechanical properties, 

including high tensile strength, stiffness, and excellent fatigue resistance. These characteristics make 

carbon fibers ideal for reinforcing dental materials, potentially transforming the structural resilience 

of repaired dentures. Integrating carbon fibers into acrylic resin has been shown to distribute applied 

stress more effectively, thus enhancing the composite material's overall strength and reducing the 

likelihood of failure under repeated mechanical stresses.7,8 

This study aims to assess and compare the effects of TiO₂ NPs and carbon fibers on the flexural 

strength of repaired denture fractures. Through empirical evaluation, we seek to determine the optimal 

reinforcement method that can restore and potentially exceed the original strength of fractured 

dentures, ensuring prolonged functional performance and patient satisfaction. 

In this experimental analysis, we repaired fractured denture specimens using acrylic resin composites 

reinforced separately with TiO₂ NPs and carbon fibers. Standardized testing protocols were employed, 

including three-point bending tests, to simulate the forces experienced by dentures during mastication. 

By quantitatively measuring the flexural strength of each repaired specimen, we aim to elucidate the 

comparative effectiveness of these advanced materials. 

Prior research has documented the individual benefits of TiO₂ NPs and carbon fibers; however, direct 

comparisons of denture repair are limited. This study bridges this gap by comprehensively analyzing 

the influenza of each material on the flexural performance of repaired dentures. Additionally, we have 

considered and discussed other aspects like ease of incorporation, cost-effectiveness, potential 

impacts on aesthetics, and biocompatibility to offer a holistic view of the practical implications of 

these reinforcement materials. 

In conclusion, by identifying the superior reinforcement material for denture repairs, this research 

aims to contribute significantly to the field of prosthodontics. Improved denture repair techniques 

would improve the clinical outcomes for patients and decrease the frequency of repair procedures, 

resulting in a higher quality of life for denture users. Future investigations should expand upon these 

findings by exploring long-term wear studies and in vivo assessments to fully validate the clinical 

applicability of TiO₂ NPs and carbon fiber reinforcements. 

 

Material and Method 

In this experimental study, each experimental group consisted of 10 samples.  

 

Sample Preparation 

 A total of 30 wax patterns were fabricated using Modelling wax, each of approximate dimensions  65 

x 10 x 3 mm, following the American Dental Association Specification Number 12. Further, heat-

cured acrylic resin (DPI heat cure) was prepared following the guideline by the manufacturer, 

combining 2 grams of powder with 1 milliliter of liquid. During the dough stage, the material was 

placed in a mold designed to dimensions of 65 x 2.5 x 10 mm. The molds were then closed and 

subjected to bench press for 30 minutes. Subsequently, the clamped molds were placed in a 

thermostatically controlled polymerization unit and underwent polymerization in water for 30 minutes 

at 60°C followed by 1 hour at 100°C. After completion of the curing cycle, the molds were allowed 

to cool on the bench for 24 hours. Later, the samples were retrieved, finished, and polished using a 

carbide bur and 600-grit silicon carbide paper under water irrigation. All 30 heat-cured acrylic samples 

were fractured using a compressive strength instrument. Two pieces of each fractured sample were 

collected, and the fracture edges were ground with a carbide bur to create a 3 mm space for the 

application of self-cure acrylic resin. 

 

Group 1 

Ten fractured acrylic resin samples with round surface joints were treated with monomer to enhance 

adhesion and wettability and later reinserted into the mold space formed during the acrylisation 
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process. Self-cure acrylic resin (DPI cold cure) was prepared following the guideline by the 

manufacturer (2g powder with 1 g liquid) and applied in the 3mm gap between the fractured pieces. 

 

Group 2 

Ten fractured acrylic resin samples with round surface joints were also treated with monomer to 

improve adhesion and wettability and then reinserted into the mold space formed during the 

acrylisation. Titanium dioxide nanoparticles (1 wt%) were weighted precisely using a digital weighing 

scale (MH-series Pocket scale, 200g*0.01g) and thoroughly mixed with the acrylic powder using a 

spatula before mixing it with the monomer. The polymer and TiO2 NP suspension were mixed 

manually with the monomer immediately to prevent particle aggregation. It was mixed continuously 

for approximately 3 minutes to achieve a doughlike consistency, making it suitable to be handled and 

packed into the joint space. 

 

Group 3 

Ten fractured acrylic resin samples with round surface joints were also treated with monomer to 

improve adhesion and wettability and then reinserted into the mold space formed during the 

acrylisation. Later, using carbide burr on the broken edges of the acrylic samples, slots were created 

that measured roughly 2.5 by 40 mm for placing fibers. Furthermore, for five minutes, fibers were 

soaked in the monomer. Later, soaked carbon fibers were placed in the slot of fractured edges. 

Subsequently, self-cure acrylic resin (DPI cold cure) was packed in the 3mm container after being 

prepared following the guideline by the manufacturer (2 g of powder and 1 g of liquid). Finally, after 

taking the specimen out of the molds, the surfaces were polished using 800-, 400-, and 200-grit 

sandpaper and carbide bur. 

 

Statistical analysis 

The statistical analysis was conducted utilizing the Statistical Package for Social Sciences [SPSS] for 

Windows, Version 24. A one-way ANOVA was performed, complemented by Tukey’s post hoc 

analysis, to compare the flexural and impact strength across three experimental groups. The threshold 

for statistical significance was established at P<0.05. The statistical analysis revealed significant 

differences in the mean flexural strength and impact strength among the three groups. 

 

Result 

Table 1 delineates the comparative mean flexural strength values across the different groups. The 

findings indicate that the mean flexural strength for Group 1 was 330.11 ± 38.34, for Group 2 was 

441.34 ± 34.14, and for Group 3 was 995.10 ± 55.14. These results suggest that Group 3 exhibited the 

highest mean flexural strength, followed by Group 2, while Group 1 demonstrated the lowest mean 

flexural strength.  

 

Table 1 Comparison of mean Flexural Strength (in Kg/ sq cm) between different groups 

Groups Sample size Mean ± SD p-Value 

Group 1  10 330.11 ± 38.34 0.001* 

Group 2  10 441.34 ± 34.14 0.001* 

Group 3 10 995.10 ± 55.14 0.001* 

*Significant 
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Discussion 

Due to the material's low flexural strength, both midline and impact failures have been identified as 

the primary causes of clinical failure for acrylic dentures. These clinical limitations necessitate the 

reinforcement of prostheses to enhance their durability and longevity. A previous independent study 

reported that 68% of denture fractures occurred nearly three years after the first use of the appliance, 

while 28% of fractures happened after just one year. Furthermore, 39% of dentures required repair 

within three years.9-12 

To conquer this challenge, numerous materials have been utilized to reinforce polymers and increase 

their flexural strength and impact resistance; among these materials are glass, polyurethane, aramid 

fiber, and metal wires, available in various forms such as particles, flakes, fibers, or fabrics. The force 

determining a denture's resistance to fracture is termed flexural strength, and improving this 

characteristic has been the main focus of denture reinforcement.13-16 

A notable study revealed that incorporating titanium dioxide nanoparticles (TiO2 NPs) into heat-cured 

acrylic (PMMA) resins significantly increased the resins' flexural strength compared to the control 

groups. The orientation of the reinforcing fibers plays a crucial role; placing the fibers parallel to the 

sample's long axis provides substantial support. This orientation enhances the material's flexural 

strength, thus preventing midline fractures and making the denture more durable.17-19 

While carbon fibers have been considered for reinforcement due to their strength, they pose aesthetic 

challenges. The primary drawback of carbon fibers is their black color, which is generally unattractive 

and potentially visible in the dentures. Therefore, further clinical research is essential to explore ways 

of incorporating fibers in areas less perceptible to the patient, such as the lingual area of the lower 

denture and the palatal area of the maxillary denture. These strategic placements can maintain the 

aesthetic appearance while providing the necessary reinforcement to withstand functional stresses.20-

22 

Overall, improving the flexural strength of denture materials through incorporating various 

reinforcing agents such as TiO2 NPs and optimally positioned fibers holds promise for extending the 

functional lifespan of dentures and reducing fracture incidents. Continued research and innovation in 

this field could lead to more durable and aesthetically pleasing dental prostheses, ultimately enhancing 

patient satisfaction and clinical outcomes. 

 

Conclusion 

Within the scope of the study, it can be concluded that the fractured acrylic samples repaired with 

different materials showed varying strengths. Group 3 samples reinforced with carbon fibers 

demonstrated the highest mean flexural strength, followed by Group 2 samples reinforced with 1wt% 

titanium dioxide nanoparticles, and the control group showed the lowest strength. 
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