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ABSTRACT
Since its introduction in the 1930s, PMMA has been the primary denture base material in use. This is due to the fact that 
PMMA is affordable, visually pleasing, and medically compatible. Nonetheless, PMMA’s intrinsic flaws-primarily its poor 
flexural strength and impact resistance-make it imperative to look for solutions to address these two crucial deficiencies. The 
latest developments involve the insertion of silver, zirconium oxide (ZrO2), and titanium dioxide (TiO2) nanoparticles, which 
are said to increase the mechanical characteristics even further, such as flexural strength, hardness, and wear resistance. To 
further increase the impact strength and durability of PMMA, fibers can be added to the material. These fibers can be synthetic 
(like polyester or carbon) or natural (like sisal or bamboo). Improvements in surface treatments and bonding methods have 
also strengthened PMMA’s binding and made it more compatible with other materials. Aging research demonstrates that 
reinforced PMMA is more resilient to environmental stress, making it a material of choice for long-term dental applications. 
Furthermore, the use of antimicrobial compounds and nanoparticles offers additional benefits, such as the presence of 
antifungal qualities that mitigate biofilm development and improve the overall biocompatibility of dental prostheses. These 
developments thus suggest that there is still a lot of promise for the modified PMMA in dental applications, both in terms of 
improving performance and extending its useful life in a clinical setting. The aim of this review is to explore the advancements 
in reinforcing PMMA (polymethyl methacrylate) for dental prosthetics by analyzing various modifications.
Keywords: Polymethyl methacrylate, PMMA, nanoparticle reinforcement, fiber reinforcement, denture base materials, 
mechanical properties

INTRODUCTION
Polymethyl methacrylate (PMMA) has long been established as 
the primary material for denture bases due to its advantageous 
properties, such as ease of manipulation, aesthetic appeal, 
biocompatibility, and cost-effectiveness. Since its introduction 
in the 1930s, PMMA has revolutionized prosthodontics, 
offering a practical solution for denture fabrication and other 
dental applications. Its ability to be easily molded, colored, 
and processed at relatively low temperatures makes it an ideal 
choice for dental laboratories and clinicians like. Despite these 
benefits, PMMA has inherent limitations, particularly in its 
mechanical properties. One of the significant drawbacks is 
its low flexural strength, which can lead to fractures under 
the repetitive stress and strain encountered in the oral 
environment. Impact resistance is another concern, as PMMA 
can be prone to cracking or breaking if subjected to sudden 
forces, such as accidental drops or heavy occlusal loads.1 
For instance, the inclusion of nanoparticles like titanium 
dioxide (TiO2)

2 and zirconium oxide (ZrO2)
3 has been shown 

to improve the flexural strength and hardness of PMMA, 
thereby increasing its resistance to wear and fracture.   
Fiber reinforcement is another approach that has gained 
popularity. By integrating different types of fiber into 
PMMA, the impact resistance and fracture toughness can be 

significantly improved.4 These reinforcements help distribute 
the applied stress more evenly throughout the material, 
reducing the likelihood of failure under load4 Additionally, 
the incorporation of antimicrobial agents, such as, into the 
PMMA has been explored to further enhance the material’s 
resistance to microbial colonization. Nanoparticles such as 
TiO2

5 nanosilver (AGNP)6 ZnO and nano silicon dioxide (SiO2)
7 

can also confer additional benefits, such as antimicrobial 
properties, which are particularly valuable in reducing biofilm 
formation on denture surfaces. The aim of this review is to 
explore the advancements in reinforcing PMMA for dental 
prosthetics by analyzing various modifications.

NANOPARTICLE REINFORCEMENT IN 
ACRYLIC RESINS
The growth and nanotechnology and scope of its application 
has revolutionized the dental field progressing to the emergence 
of “nano dentistry”.8 The incorporation of nanoparticles into 
acrylic resins has garnered significant recent research interest, 
particularly concerning their influence on the mechanical 
and thermal properties of denture-based materials.9 For 
instance, the addition of nanoparticles such as silver (Ag) has 
been shown to enhance hardness and wear resistance.10 Other 
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nanoparticles, such as aluminum oxide 11and cerium oxide,12 
have been identified to improve thermal conductivity and 
mitigate mechanical degradation, respectively. These findings 
highlight the inherently trade-off nature of reinforcement in 
dental materials. 

In a recent study, Elhmali et al.13 examined the mechanical 
performance of PMMA modified with poly (4-styrenesulfonic 
acid-co-maleic anhydride) sodium salt and strontium titanate, 
showing effective enhancement in terms of strength and 
durability. Similarly, other studies have examined acrylic resins 
modified with metal and ceramic nanoparticles, reporting 
enhanced hardness and physical properties. 14Another 
investigation focused on the tribological, microhardness, and 
color stability properties of heat-cured acrylic resin denture 
bases reinforced with various nanofillers, highlighting the 
multifunctional benefits achieved through nanoparticle 
incorporation.15

Barapatre et al.16 studied the reinforcement of PMMA resin 
with nanoparticles of polyetheretherketone, zirconium oxide, 
and their mixture for the improvement of flexural strength, 
which could prove to have improved mechanical properties. 
Karci et al.17 evaluated the flexural strength of various denture 
base materials reinforced with different nanoparticles, 
showing that these reinforcements significantly enhance 
the material’s performance. Alzayyat et al.18 investigated 
the effects of silicon dioxide (SiO2) nanoparticles on the 
flexural properties of denture base resins, demonstrating 
that such reinforcement significantly enhances durability 
and mechanical properties. Their findings included the 
use of SiO2 nanoparticles to improve the flexural strength 
of repaired acrylic denture base materials, showcasing the 
potential of nanoparticles to extend the life span of dental 
prosthetics. 19 Nanoparticles are also instrumental in reducing 
polymerization shrinkage, a common challenge in dental 
resins, by modifying the resin matrix. Methacrylate- and 
epoxy-functionalized nanocomposites have been developed 
to enhance the stability and longevity of dental restorations.20 
Additionally, nanoparticles improve the heat resistance of 
dental resins, mitigating the risk of thermal degradation and 
ensuring long-term material performance.21 Due to their 
nanoscale size, these particles enable precise control over 
the optical properties of dental materials, leading to superior 
aesthetic outcomes as resins can closely replicate the natural 
appearance of teeth.22 The use of biocompatible nanoparticles, 
such as titanium dioxide and iron oxide, ensures that modified 
resins are safe for use in the oral cavity. These nanoparticles 
also reduce microbial adhesion, further improving the clinical 
performance of dental resins.23 Despite their numerous 
benefits, challenges such as nanoparticle agglomeration and 
chemical instability must be addressed to fully realize their 
potential in clinical applications. Ongoing research is focused 
on overcoming these obstacles to develop more effective and 
reliable dental materials.24

FIBER REINFORCEMENT IN ACRYLIC 
RESINS
One critical area of study aimed at improving the mechanical 
properties and expanding the applications of polymer 
composites, particularly acrylic resins, is the integration of 

various types of fibers. Among the options explored, natural 
fibers, such as those derived from bamboo and pineapple 
leaves, have shown considerable promise as environmentally 
friendly solutions for reinforcement. Research suggests that 
these fibers enhance the mechanical properties of composite 
materials while supporting the development of sustainable 
alternatives.25,26

In contrast, synthetic fibers, such as polyester and 
polypropylene, have been extensively investigated for their 
ability to enhance the physical characteristics and durability 
of composite materials. Studies indicate that combining 
natural and synthetic fibers can yield notable improvements 
in material performance, making synthetic fibers a valuable 
component in composite reinforcement.27 Additionally, high-
performance fibers, such as aramid and carbon fibers, are 
recognized for their superior mechanical properties, including 
increased stiffness, durability, and resistance to corrosion. The 
work of Alam et al.28 underscores the relevance of these high-
performance fibers in advanced engineering applications 
requiring exceptional material performance. This ongoing 
research offers a more comprehensive understanding of the 
roles played by high-performance, natural, and synthetic 
fibers in enhancing the mechanical properties and real-world 
applications of polymer composites. 

In a study examining the impact strength of fiber-reinforced 
acrylic resin following sisal fiber alkalization, Benyamin 
et al.29 demonstrated the effectiveness of natural fibers in 
enhancing the toughness of denture bases. Similarly, Sharhan 
et al.30 explored the benefits of synthetic fiber reinforcement, 
specifically polypropylene and polyacrylonitrile fibers, in 
improving surface roughness, hardness, and compression 
resistance for denture applications. Gonçalves et al.31 
investigated the impact of polymeric nanofibers on the 
mechanical properties of PMMA resin, demonstrating the 
potential of both natural and synthetic fibers to enhance 
material performance. Further advancements in the field were 
highlighted by Ardakani et al.32 who examined the flexural 
strength of PMMA reinforced with metal mesh and high-
performance polymers, reporting significant improvements 
for stress-bearing applications. Nayak et al.33 compared 
various fiber reinforcement patterns and their effects on the 
mechanical properties of heat-polymerized acrylic resin. 
Their findings revealed that fiber reinforcement in meshwork 
patterns significantly enhances the flexural strength of 
PMMA compared to transverse reinforcement patterns. 
Moreover, PMMA reinforced with basalt fibers (BF) exhibited 
superior flexural strength compared to those reinforced with 
glass fibers (GF).

High-performance fibers, such as poly (p-phenylene-2,6-
benzobisoxazole) (PBO), have been shown to significantly 
enhance the mechanical properties of dental fiber-reinforced 
composites (FRCs), broadening their utility in various 
applications. The integration of nanomaterials, such as ZnO 
nanoparticles and nanowires, into PBO fibers has improved 
interfacial adhesion with the resin matrix, resulting in 
notable increases in interfacial shear strength and flexural 
properties. For instance, the innovative PBO-ZnO nanowire 
and polyhedral oligomeric silsesquioxane (POSS) hierarchical 
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reinforcement configuration achieved an exceptional 
flexural strength of 925.0±39.2 MPa and a flexural modulus 
of 39.39±1.41 GPa. These properties are comparable to 
those of human dentin, highlighting its potential for dental 
applications.34 Synthetic fibers, particularly glass and carbon 
fibers, have seen widespread use in dental applications 
due to their advantageous mechanical properties. Glass 
fibers, in particular, are favored for their superior aesthetic 
qualities and their ability to form strong bonds with resins 
when treated with silane coupling agents. This treatment 
enhances adhesion in composite materials and facilitates 
effective load transfer from the weaker polymer matrix to the 
more robust reinforcing fibers, substantially improving the 
overall strength and longevity of composite materials used in 
dental restorative practices.35 Despite their advantages, fiber-
reinforced composites face challenges such as fractures, wear 
from mastication, and delamination. While these issues can 
often be resolved cost-effectively, they underscore the need for 
careful material selection and design in dental applications. 
Additionally, the mechanical properties of fiber-reinforced 
composites may deteriorate after hydrolytic aging, which 
is a significant consideration for ensuring their long-term 
durability.36

SURFACE TREATMENTS AND BONDING 
TECHNIQUES
The intrinsic qualities of PMMA (polymethyl methacrylate) 
often present challenges in direct bonding and material 
compatibility, necessitating tailored surface treatments 
to enhance bond strength and compatibility.37 Klaiber et 
al.37 investigated the bonding behavior of industrial CAD/
CAM PMMA, artificial resin teeth and traditional PMMA, 
concluding that monomer application was the most effective 
surface treatment. Similarly, Gad et al.38 explored the 
incorporation of zirconium oxide nanoparticles and surface 
treatments to improve the flexural strength of PMMA denture 
base materials, showcasing advancements in nanotechnology 
for PMMA enhancement.

Further studies have explored plasma and laser treatments for 
PMMA surface modification, underlining the importance of 
ongoing research in this area.39

Schauperl et al.40 examined the effects of various surface 
treatments on acrylic denture base materials reinforced 
with woven glass fibers, demonstrating improved bonding 
and overall mechanical properties. Taczała-Warga et al.41 
highlighted the significance of pre-treating acrylic surfaces in 
denture restorations, particularly for cellulose fiber-reinforced 
denture base acrylic. Deb et al.42 assessed how different 
acrylic resin repair methods influence the flexural strength 
of denture bases, providing practical guidelines for successful 
repairs. Alumina abrasive blasting (AB) has emerged as 
a proficient technique for improving surface roughness 
and adhesive strength. Integrated treatments combining 
AB with chemical agents like methylene chloride (CH) 
significantly enhanced flexural, shear, and impact strengths, 
though careful regulation of exposure duration is crucial to 
prevent adverse effects.43 Adhesive primers also significantly 
enhance PMMA bond strength, particularly with silicon soft 

denture liners (SDL) under thermocycling conditions, which 
simulate thermal stress in oral environments.44 Production 
methods impact PMMA-based material performance, with 
conventional and subtractive techniques yielding higher 
shear bond strength than additive methods. Airborne-particle 
abrasion with 50 μm particles effectively maintains adhesion 
in such contexts.45

 In digital workflows, surface treatments play a critical role in 
integrating custom artificial resin teeth into milled PMMA 
bases. Monomer application remains the most effective 
treatment, while treatments like nitrogen plasma may impair 
bond strength.46 Despite these advancements, challenges such 
as material compatibility and treatment specificity persist. 
Research into hybrid materials and alternative thermoplastics 
may offer novel solutions, paving the way for superior dental 
prosthetic materials. 47

AGING AND DURABILITY OF REINFORCED 
ACRYLIC RESINS
Environmental stress significantly affects the performance and 
longevity of reinforced acrylic resins, emphasizing the need 
for materials with enhanced durability. Studies comparing 
sandwich constructions with polystyrene cores and cellulose 
foam under UV and rain exposure have illustrated variable 
degradation effects.48 Davies et al.49 found that seawater 
impacts acrylic matrix composites differently, with certain 
reinforced resins demonstrating superior resistance to water-
aging processes.

Al-Jumal et al.50 examined the hardness of heat-cured denture 
base resin modified with recycled acrylic resin during artificial 
aging, underscoring the importance of long-term material 
durability. Rahaman Ali et al.51 evaluated the impact of heat 
cycles on the flexural properties of denture base acrylic resins 
reinforced with microcrystalline cellulose (MCC), identifying 
MCC as a viable substitute for synthetic reinforced PMMA 
resins. Çakmak et al.52 investigated heat cycling’s effects on 
flexural strength and hardness in new-generation denture 
base materials, finding that thermal cycling reduced flexural 
strength across all resins. Notably, thermal cycling decreased 
the microhardness of milled PMMA but did not affect 
3D-printed resin. Apimanchindakul et al.53 highlighted the 
potential of 1% short E-glass fiber reinforcement in self-cured 
acrylic resin to increase flexural strength. Environmental 
factors such as temperature and humidity profoundly 
influence the mechanical properties of acrylic resins. High 
temperatures can cause thermal oxidative degradation, 
weakening the material’s mechanical strength over time.54 

Humidity affects dimensional stability, potentially causing 
cracks due to volume changes.55 UV exposure accelerates 
polymer degradation, leading to embrittlement and reduced 
mechanical performance, primarily due to polymer chain 
scissions compromising material integrity.56

ANTIFUNGAL AND ANTIMICROBIAL 
PROPERTIES
PMMA faces challenges in terms of mechanical strength and 
surface characteristics, leading to potential issues with fungal 
adhesion and biofilm development, both of which contribute 
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to denture stomatitis.18 Researchers have explored various 
strategies to enhance the material’s resistance to these issues. 
Jang et al.57 assessed the antifungal and physicochemical 
properties of a polymerized acrylic resin modified with 
strontium-based phosphate glass. Their findings suggested 
that incorporating nanoparticles could improve antibacterial 
activity. Al-Eraky et al.58 investigated the antifungal and 
antibiofilm effects of caffeine against Candida albicans on 
PMMA denture base material, offering a novel approach 
to enhancing the safety and biocompatibility of dental 
prostheses. In a similar vein, Alzayyat et al.59 explored 
the antifungal efficacy of PMMA denture base material 
enhanced with SiO2 nanoparticles, providing an effective 
solution for combating infections commonly associated with 
dentures. Further investigations by Gad et al. 3incorporated 
ZrO2 nanoparticles and glass fibers into PMMA, leading to 
enhanced mechanical strength and antifungal properties. 
Silver nanoparticles (AgNPs) are widely recognized for their 
potent antimicrobial effects, and when added to PMMA, 
they exhibit significant antibacterial and antifungal activity 
against pathogens like Streptococcus mutans, Lactobacillus, 
and Candida albicans. The inclusion of AgNPs in PMMA not 
only enhances antimicrobial properties but also improves 
the material’s mechanical strength, making it more suitable 
for dental applications.60 Zinc oxide (ZnO) nanoparticles 
have similarly demonstrated antimicrobial effects, 
particularly when combined with silver ions, boosting overall 
antimicrobial activity against oral pathogens.60 Bioactive 
glass and calcium phosphate compounds are integrated 
into PMMA to improve its bioactive and antimicrobial 
properties. Although bioactive glass enhances mineral 
induction capacity, its direct antimicrobial effects may be 
somewhat limited.7 Chitosan nanoparticles and organic 
coatings such as ammonium chitosan and sodium alginate 
further improve the antimicrobial properties of PMMA by 
acting as barriers to microbial adhesion and facilitating the 
targeted delivery of antimicrobial agents.7 However, while 
nanoparticles enhance antimicrobial properties, careful 
evaluation of their cytotoxicity is crucial. Studies have shown 
that PMMA composites containing nanoparticles like silver 
and peppermint oil are biocompatible, but the concentration 
and distribution of these nanoparticles need to be optimized 
to prevent adverse effects.61

SELF-HEALING PMMA
Self-healing PMMA is a promising area of research, utilizing 
nanocapsules that contain healing agents. These capsules 
release their contents upon damage, initiating a repair 
process. For example, a dual nanocapsule system containing 
an initiator and a monomer has shown the ability to enable 
self-healing in dental resins. In one study, 33% of samples 
demonstrated the capacity to be reloaded and tested in tension 
after healing.62 The self-healing property is particularly 
valuable in extending the lifespan of dental prostheses, as it 
enables the material to repair micro-cracks that often lead to 
failure in dental applications.63 Recent developments in photo-
initiator systems and the use of biocompatible materials have 

significantly improved the biocompatibility of self-healing 
systems, reducing the risk of adverse reactions in dental 
polymers.64

Self-healing systems, which rely on the incorporation of 
microcapsules within the PMMA matrix, have shown 
promising results. When fractures occur, the capsules release 
healing agents that restore the material’s integrity, effectively 
repairing damage to the material and prolonging the life of 
dental prostheses.65 According to Harb et al.66 self-healing 
PMMA- cerium oxide coatings with outstanding anticorrosive 
performance and endurance have prospective applications. 
Cerium ions act as self-healing agents by preventing the 
corrosion front from advancing. Although the development 
of self-healing PMMA for dental applications is highly 
promising, challenges remain in optimizing the efficiency of 
healing processes and ensuring the biocompatibility of the 
materials used.

CONCLUSION
Because of its many advantageous qualities, PMMA has 
long been used as a foundational material in prosthodontics, 
particularly in the field of denture bases. But its shortcomings 
in terms of durability and mechanical strength have sparked 
a lot of study into improving its overall performance. 
Fiber reinforcement with nanofillers the flexural strength, 
impact strength, and general toughness of PMMA were 
greatly increased by the addition of nanoparticles and 
fiber reinforcement, which made it more resilient to the 
demanding circumstances found in the oral environment. Its 
compatibility was further increased by bonding procedures 
and surface treatments, and then antimicrobial agents were 
added to make it more resistant to microbial colonization and 
more biocompatible. These advancements in the field have 
not only increased the longevity of PMMA-based materials 
but, interestingly, have also expanded its clinical applicability, 
demonstrating the material’s continued importance and 
value in contemporary dentistry. PMMA-based materials will 
become even more resilient and adaptable via more research 
and development in this area, confirming its significance for 
use in dental prostheses and other applications.
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