
 
Nanomaterials and Nanotechnology Advances, 2024, 1(1), 19-23 

https://www.hillpublisher.com/Journals/nna/ 
ISSN Online:  

ISSN Print:  

 

DOI: 10.26855/nna.2024.12.005 19 Nanomaterials and Nanotechnology Advances 
Note: The article was originally published in the International Journal of Materials Science, and this is an authorized translation of it. 

Research Progress and Industrial Transformation 
of Dental Polymer Materials 

Qi Wang 

Beijing AT&M Biomaterials Co., Ltd., Beijing 100089, China. 
 

How to cite this paper: Qi Wang. (2024). 
Research Progress and Industrial Transfor-
mation of Dental Polymer Materials. Nano-
materials and Nanotechnology Advances, 
1(1), 19-23. 
DOI: 10.26855/nna.2024.12.005 
 
Received: October 20, 2024 
Accepted: November 10, 2024 
Published: December 1, 2024 
 
*Corresponding author: Qi Wang, Beijing 
AT&M Biomaterials Co., Ltd., Beijing 
100089, China. 
 

  Abstract 
Conventional dental materials are artificial synthetic materials and auxiliary mate-
rials used to repair defects or missing soft and hard tissues in the oral and maxillo-
facial regions of the human body. Currently, commonly used dental materials in-
clude metals, ceramics, molecular synthetics, etc. Among them, polymer materials 
are widely used in dental materials due to their structural diversity and their own 
physical and chemical properties. This article mainly describes the current applica-
tion status of polymer materials in stomatology and the industrial transformation 
direction of future oral medical polymer materials products for reference. 
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Human maxillofacial region may be damaged or missing due to diseases, trauma, physiological degeneration and 
other factors that affect the normal physiological mechanism of oral tissues, thus affecting the integrity of oral tissues 
and organs, and further affecting the normal functioning of their functions or the aesthetics of the face. Therefore, it 
is necessary to repair the missing or defective tissues to achieve the normal functioning of their functions or the 
aesthetics required. The materials and auxiliary materials required are oral materials. The development of oral mate-
rials needs to progress along with the development of oral medicine, and the application of new materials has also 
promoted the updating of oral medical technology. Among the many oral materials, polymer materials are widely 
used in oral clinical experiments due to their excellent biocompatibility and good physical properties. This article 
mainly introduces the application of polymer materials in oral medicine, and introduces the clinical uses and perfor-
mance of various materials respectively, aiming to provide ideas for the application development and industrial trans-
formation of polymer materials in oral medicine. 

1. Polymer materials for oral prevention 

With the improvement of living standards, dental caries has become one of the common oral diseases. Due to its 
irreversible nature, it needs to be prevented. Commonly used preventive products include: plaque/caries indicators, 
fluoride-releasing materials such as fluoride varnish, pit and fissure sealants, etc. 

1.1 Plaque/caries indicators 

Plaque/caries indicators are agents used to show the condition of teeth. If the condition needs to be eradicated, further 
repair and effective sterilization are required. Plaque indicators use the strong binding ability of dyes and bacteria. 
When rinsing the mouth, the dye is preserved in the plaque to show the condition, so as to facilitate subsequent 
symptomatic treatment. Generally, plaque indicators have a variety of forms of action: tablets, sprays, liquids, gels, 
etc., and there are two-color and single-color plaque indicators. They are recommended mainly based on different 
pathogens and costs. After the caries indicator shows the location of caries, further treatment is mainly to remove 
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bacteria to ensure that caries does not occur again or is completely repaired. For deeper and thorough removal, the 
bactericidal properties of the restorative materials need to be stronger. Generally, bactericides are added to enhance 
the antibacterial properties of the restorative materials. Sonodynamics or photodynamics can also be used to achieve 
bactericidal properties. 

1.2 Anti-caries materials 

Pit and fissure sealants and fluoride-containing materials are the main materials for preventing caries. They mainly 
prevent caries by sealing the pits and fissures of teeth to block the invasion of bacteria, thereby improving the acid 
resistance of tooth enamel. Pit and fissure sealants are mainly composed of a combination of a photocurable material 
based on methacrylate and a resin- based material for cavity repair; fluoride-containing materials are a combination 
of a fluorine varnish based on natural resin, a coating material based on ethyl acetate, and a fluorinated foam [1]. 

2. Polymer materials for oral restoration 

Compared with metal ceramic materials, polymer materials can be regulated by different additives in terms of color 
and luster, which can perfectly match the aesthetic appearance of natural teeth and have better biocompatibility. 
Currently, the commonly used polymer materials for oral restoration mainly include: resin-based composite materials 
with polymerizable resin as the matrix, inorganic fillers or fiber reinforcement materials, and denture materials with 
methyl methacrylate as the main body. Resin materials include: direct restoration materials, indirect restoration ma-
terials, enamel adhesives, and pretreatment agents; denture materials include: denture relining materials, maxillofa-
cial prosthesis materials, denture resin teeth, and removable tooth base resins. The main reason for the failure of 
treatment is the damage of the restorative materials or the infection of the restorative materials with microorganisms 
causing lesions, etc. Therefore, more research on materials is to improve the antibacterial and antibacterial ability of 
the restorative materials or improve the physical properties, and more importantly, to retain the mechanical ad-
vantages and excellent bonding properties of the raw materials on this basis. 

2.1 Denture materials 

The basic requirements for oral denture materials must be: good biocompatibility, non-toxic and odorless, stable 
chemical properties, insoluble in water and low water absorption, excellent physical properties, low price, and simple 
production. Common oral denture materials are divided into soft polymer materials and hard polymer materials. 
Among them, hard polymer materials are mainly used for bases, dentures and denture hard linings, which are 
polymethacrylate resins and their modified products; soft polymer materials are mainly used for denture soft linings 
and maxillofacial repair materials, mainly silicone rubber and acrylic soft resins. Hard polymer materials are rela-
tively widely used because of their low price, good biocompatibility, and relatively stable performance in the oral 
environment. However, due to their poor physical properties, they are easy to break during use, resulting in treatment 
failure. In order to better achieve the treatment effect and reduce the risk of tooth fracture, it is currently recommended 
to use composite materials formed by fillers and resin substrates. 

Denture fillers include fiber fillers and inorganic fillers. In order to improve the strength of the base material, nano-
scale fiber fillers and inorganic fillers are generally added. Due to the dispersion characteristics of fiber fillers in 
resins, they are an important supplement to enhance the physical properties of resin materials. Nanoparticles of zinc 
oxide, zirconium oxide, etc. are added to polymethacrylate resins, which can not only improve the antibacterial prop-
erties of the resin, but also improve the bending and tensile properties. However, they cannot be added excessively. 
Excessive addition will lead to a decrease in the strength of the resin, resulting in treatment failure. Therefore, choos-
ing the right denture filler, adding it in the right proportion, and using perfect processing technology can achieve the 
required comprehensive performance balance and obtain better treatment effects. 

Because polymer materials have large structural porosity and high roughness, they are more suitable for bacterial 
growth, so other materials need to be added to improve the antibacterial properties of polymer materials. There are 
usually two ways to improve the antibacterial properties of denture materials: one is to add antibacterial substances 
to the materials, such as adding zirconium oxide nanoparticles, chitosan and quaternary ammonium salts, which can 
not only enhance the physical properties of the resin, but also have an antibacterial effect and improve the aesthetics; 
the other is to coat the surface of the material with antibacterial substances, such as coating antibacterial peptides, 
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saliva-rich histones, hyaluronic acid, etc., which effectively inhibit the initial adhesion of fungi and the formation of 
biofilms, thereby achieving an antibacterial effect. 

2.2 Resin-based composite materials 

Resin-based composite materials include polyacid-modified composite resins, fiber-reinforced resin composite ma-
terials, and composite resins. Polyacid-modified composite resins are more similar to composite resin materials in 
terms of performance, and are complex materials formed by composite resins and glass ionomers in water; fiber-
reinforced resin composite materials have the characteristics of high strength, good fatigue resistance, and excellent 
aesthetic properties, and are composite materials composed of polymerizable resins and reinforcing fibers; and com-
posite resins are composed of methacrylate resins and inorganic particle fillers. 

Resin-based composite materials are prone to treatment failure, secondary caries and other problems due to 
polymerization shrinkage and interface microleakage. The reason for polymerization shrinkage is that the flexible 
polymer chain is prone to cause molecular chain movement and entanglement during the curing process, which leads 
to material damage and treatment failure. However, if some fillers that can improve the polymerization shrinkage 
problem are added to the resin base material, and some auxiliary materials that enhance mechanical properties are 
added, it can be well improved. Generally, silane is used as a filler to improve the mechanical strength of the resin 
material and reduce the polymerization shrinkage problem. 

The polymerization shrinkage of the repair resin can also cause microleakage at the edge of the restoration, which 
can lead to bacterial invasion and infection and cause secondary caries. Therefore, it is necessary to add antibacterial 
and antimicrobial materials to the repair material to improve the antibacterial properties of the repair resin and im-
prove the success rate of treatment. At present, the most commonly used antibacterial agents are mixed quaternary 
ammonium salts and polymeric quaternary ammonium salts. Antimicrobial peptides, antibiotics and other antibacte-
rial materials can be used on the polymer chain to effectively kill Streptococcus mutans. However, because the addi-
tion of organic substances will inevitably affect the physical properties of the composite material to some extent, it is 
necessary to add nanomaterials with antibacterial and antibacterial effects to enhance the antibacterial and antibacte-
rial ability of the composite material while also being able to enhance its physical properties. Materials containing 
silver phosphate and calcium phosphate particles have antibacterial properties, high strength and elastic modulus 
characteristics; materials containing nano silver, quaternary ammonium salts and nano amorphous calcium phosphate 
have diffuse bactericidal effects, increase the surrounding pH value, resist acidification, promote mineralization, and 
increase hardness. Therefore, adding multifunctional polymer materials for oral restoration can not only reduce the 
bacterial adhesion of oral biofilm and play an antibacterial and antimicrobial effect, but also improve the strength and 
fracture resistance of the restoration material. It is a new antibacterial material [2]. 

3. Polymer materials for oral implants and tissue reconstruction 

Oral implant materials mainly refer to implantable biomaterials that are partially or completely embedded in the soft 
tissue and bone tissue of the oral and maxillofacial region. As materials for the treatment of oral and maxillofacial 
diseases, they are mainly used to repair oral and maxillofacial tissue and organ defects, or to reconstruct their basic 
physiological functions, or to repair the loss and damage of oral and maxillofacial tissue and organs. The basic per-
formance requirements are: good biocompatibility, excellent chemical stability, reasonable physical and mechanical 
properties, antibacterial and sterilization effects, and better clinical operation performance. Currently, the commonly 
used polymer materials for clinical oral implants and tissue reconstruction include: metal materials, ceramic materials, 
organic polymer materials, etc. Due to the widespread attention paid to organic polymer materials, the performance 
of polymer materials is analyzed from three aspects below. 

3.1 Artificial root materials 

The function of artificial root materials is to transfer and distribute the bite force and other forces borne by dental 
implants to the jawbone tissue, so as to reduce the bearing capacity of the implant and increase the service life. 
Traditional metal and metal oxide materials are widely used because of their good tissue compatibility, but because 
they are easy to attach bacteria and have weak antibacterial and antibacterial capabilities, they are more likely to 
cause inflammation and implant failure. Therefore, the introduction of polymer materials into the implant can enhance 
the antibacterial effect and increase the service life of the implant. 
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3.2 Defect artificial repair materials 

In the oral industry, artificial defect repair materials mainly refer to artificial synthetic materials used to replace or 
repair the appearance of bone tissue or reconstruct tissue that has lost its physiological function in the case of maxil-
lofacial bone defects. Artificial bone defect repair materials must not only meet the biological safety and physical 
properties of implant materials, but also meet special biological requirements such as bone guidance, bone formation, 
and bone induction. The types of repair materials are mainly metals, ceramics, organic polymers, and composite 
materials. In recent years, commonly used bone defect repair materials based on organic polymers mainly include: 
composite scaffolds containing hydroxyapatite and hemihydrated calcium sulfate, bone replacement materials for 
repairing alveoli containing collagenase, degradable injectable composite materials for bone defect repair, and hy-
drogel materials with multiple functions such as tissue adhesion and cell compatibility for promoting jaw regeneration 
[3]. The main principles of these materials are still antibacterial and enhanced physical and mechanical properties. 

3.3 Soft tissue reconstruction materials 

Oral soft tissue reconstruction material is a prosthesis, the main material of which is a maxillofacial prosthesis repair 
material containing silicone rubber or polytetrafluoroethylene. Silicone rubber material is a polymer material with 
good physical and chemical stability and physiological inertness, and is non-toxic, odorless, and has good anti-aging 
properties and excellent biocompatibility. It is currently an ideal oral soft tissue repair material. However, silicone 
rubber material also has disadvantages such as low molecular polarity, strong hydrophobicity, and poor affinity for 
tissue cells. It needs to be further modified on the surface, and surface treatment or blending modification by various 
methods such as radiation surface grafting and plasma surface treatment can better meet the use effect. Polytetraflu-
oroethylene has good elasticity and flexibility, is easy to physically reshape, and has better organization and fewer 
complications. It is a white polymer with high crystallinity and high chemical stability [4]. 

4. Other oral polymer materials 

Other oral polymer materials are mainly oral auxiliary repair materials, including: polishing materials, gingival re-
traction materials, impression materials, grinding and periodontal membranes, oral ulcers, tissue wound healing treat-
ment aids and other materials. Among them, impression materials are mainly used to record or reproduce the appear-
ance of oral soft and hard tissues, so they need to have good biosafety and comfortable consistency, as well as suitable 
working and solidification time periodicity, and good hydrophilicity, softness and elasticity. After solidification dur-
ing use, they also need to have sufficient tear strength and compression strength, and they also need to have precise 
detail regeneration and physical stability. At present, the commonly used materials are mostly impression materials 
based on seaweed salt, agar and rubber materials, which already have good technology and production capabilities. 

Damage to tooth enamel is caused by caries or tooth wear. Generally, restorative resins are used to fill the tooth. 
However, it is a very advanced treatment method to use a new material to induce the formation of enamel and remin-
eralize the defect. Because enamel is the hardest tissue in the human body, all repairs cannot compare to the perfection 
of the human body's self-repair. At present, medical treatment mainly uses protein and peptide molecular solutions to 
induce mineralization or hydrogels to drive mineralization, but they cannot actually simulate the enamel tissue struc-
ture of the human body and cannot match the unique physical properties of enamel itself. Therefore, it is still neces-
sary to increase research topics to simulate the structure and function of natural enamel. Among them, experts have 
developed a double-layer glue assisted by a bionic alumina template, which is used for minerals formed by well-
oriented hydroxyapatite crystals that can be comparable to natural enamel. 

Because the dentin has a tubule structure, and there are sensitive nerve sensor signals between the tubules and the 
pulp cavity, when the dentin is exposed to the environment due to various external reasons, the teeth will feel obvious 
pain. There are generally two ways to relieve the symptoms of dentin sensitivity: in general, neural polarizing sub-
stances such as potassium ions are sprayed, and if radical treatment is required, the dentin tubules need to be effec-
tively blocked. Dendritic polymers, self-assembling peptides, bioactive glass, etc. are commonly used to induce col-
lagen mineralization treatment. 

Tooth regeneration and functional restoration is a difficult problem in the current medical research. The most im-
portant thing is the research on root regeneration. This is not only a study on materials, but also a research topic on 
the human body mechanism. In recent years, many experts have been trying to study the differentiation and regener-
ation ability of stem cells, mainly to develop a drug or material that can be processed and mixed with dentin to 
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regenerate tooth tissue in the human body environment. This is also the research direction of the medical community 
in the coming years. 

5. Conclusion 

This article mainly introduces the application and development of polymer materials in the fields of prevention, repair 
and regeneration in stomatology. It also briefly describes the functions and current status of different molecular ma-
terials according to the needs of the field, and describes the research progress of oral medical polymer materials and 
provides the direction of industrial transformation of polymer materials, in the hope that future medical research can 
meet market needs and product applications. 
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