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Chitosan is a biopolymer that has a large wound management application and biological proprieties, helping the organisms with fast healing, 

stimulates the cell proliferation including bacteriostatic and fungistatic particularly useful for wound treatment and as a support material to 

tissue engineering. The possibilities of application of chitosan are so huge and fascinating as well as not quite discovered. Proprieties of 

chitosan like biocompatibility, anti inflammatory and others could give promising results in periodontal care or wound healing after teeth 

extractions. The aim of this work is to review possible applications of chitosan in dentistry area.  
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Introduction  

Biomaterials are those non-living materials used in the medical, biomedical and other fields, aiming to interact with the 

biological system.1 Many of these materials, such as chitosan, are used as effective alternatives for the replacement of tissues, 

including bone tissue, since they do not present risks of disease transmission or immune rejection, as well as unlimited 

availability and low cost.2 Recently, several researches have been carried out aiming at new materials capable of being 

associated with other substances that promote bone formation, especially biopolymers, in particular chitosan, which presents 

great potential in the repair of bone defects, in relation to the limitations of other biomaterials.3 One of the most important 

fields of applications of natural compounds it is medicine. Such materials would have some advantages over synthetic ones. 

Materials derived from the nature, have been shown to yield faster healing with less incompatibility in human beings. The new 

materials which are used should help to reduce the operation time and improve patient recovery. The development of 

reconstructive surgery, cardiac surgery, transplantation and dentistry would not have been possible without progress in the field 

of material science, chemistry and technology polymers for biomedical and bioengineering materials. One of the new and 

promising biomaterials being used in dentistry is chitosan.4 Chitosan and its derivatives have excellent biocompatibility, non-

toxicity to human beings, biodegradability, reactivity of the deacetylated amino groups, selective permeability, polyelectrolyte 

action, antimicrobial activity, ability to form gel, film and sponge, absorptive capacity, anti-inflammatory and wound healing.5 

One of the most important properties of chitosan is high bioactivity, that makes this material very interesting to develop new 

biomaterials for application in dentistry area. The use of biopolymers in the treatment of diseased tissues was started in the area 

of dentistry. The scientific and technological advances in the area of biomaterials and medical devices have allowed a 

considerable evolution in this area, in particular, focusing on new biomacromolecules and biocompatible materials for clinical 

use.6  
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BIOLOGICAL AND CHEMICAL PROPERTIES 

Chitosan is a straight chain cationic polysaccharide (deacetylated polysaccharide), usually refers to a cationic copolymer 

composed of 2-amino-2-deoxyglucose (60-100%) and 2-acetylamino-2- deoxyglucose-D-glucoside (0-50%), which exists 

naturally or is obtained by deacetylation of chitin.7,8 Chitin is found mainly in the exoskeletons of crustaceans, but also in 

some fungi.9 In 1859, Rouget treated chitin with hot potassium hydroxide solution, resulting in the discovery of chitosan, which 

also laid the foundation for modern chitosan production.10 Chitosan can be biodegraded to non-toxic residue by lysozyme or 

chitinase, and it hydrolyzes glucosamine-glucosamine, glucosamine-N-acetyl-glucosamine, and N-acetyl-glucosamine bonds, 

so it has good biodegradability.11 Secondly, acetylation increases the interaction between chitosan and cells by increasing the 

number of positive charges, thus improving the biocompatibility. It has been found to have no antigenic response and even has 

anti-inflammatory properties. The hemostatic effect of chitosan is also a major feature, mainly because it can induce platelet 

adhesion and aggregation, and activate endogenous blood coagulation.12 The chitosan can also control bleeding by adsorbing 

plasma and red blood cell coagulation. Because the chitosan has biodegradability, biocompatibility, hydrophilic, antimicrobial 

properties, biological activity and other properties, and have different forms of processing (solution, blend, sponge, film, gel, 

paste, tablet, microspheres and micro particles, etc.), it has many biomedical applications, including effective wound healing, 

tissue regeneration, dosing, bone regeneration, anti-infection and so on.13 Since it comes from natural and renewable resources, 

not only it is an economical natural biopolymer, but also cost effective. 

 

Applications of chitosan in dentistry 

Chitosan, a versatile hydrophilic polysaccharide derived from chitin, has a broad antimicrobial spectrum to which gram-

negative, gram-positive bacteria and fungi are highly susceptible. Chitosan is mainly used as antimicrobial and antibacterial 

agent in dentistry. 

Table 1- Chitosan application in dentistry area 

Dental Specialties  Chitosan Applications 

Preventive dentistry -Component of daily mouth wash 

-Component of toothpaste against dental plaque 

-Component of toothpaste against erosion/abrasion 

-Mucoadhesive cariostatic substance delivery systems 

Conservative dentistry -Direct pulp capping 

-Antibacterial against S. mutans 

-Component of toothpaste against erosion/abrasion 

included 

demineralised dentine matrix 

-Indirect pulp capping 

Endodontics -Antibacterial against E. faecalis using new photo 

sensitizer 

-Sustained release of calcium ions from the calcium 

hydroxide in the root canal system 

-Improving stability of dentin collagen 

-Removal of smear layer after root canal 

instrumentation 

-Inhibition of biofilm by incorporation with zinc-

oxide eugenol-based sealer 

-Regulation of stem cell differentiation from apical 

papilla 

-Ingredient of triple antibiotic intracanal paste against 

Candida 

albicans and E. faecalis 

Oral surgery -Guided bone regeneration 

Facilitate early bony consolidation in distraction 

osteogenesis 
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Bone regeneration at dental implant defects 

-Titanium coating 

-Hemostasis of oral surgery wounds 

-Bone tissue engineering in oral reconstruction 

-New bone substitute material 

-Repairing TMJ disc-Guided periodontal tissue 

regeneration 

Periodontology -Guided periodontal tissue regeneration 

-Antioxidant delivery system 

-Epithelial attachment re growth 

-Antibacterial and plaque-reducing action 

-Treatment of periodontitis 

-Advanced scaffolds in periodontal tissue engineering 

-Antimicrobial photodynamic therapy against P. 

gingivalis 

-Periodontal ligament cells delivery system 

Prosthetic dentistry -Modification of glass ionomer restoratives 

-Antibacterial activity of composite 

-Antibacterial activity of dental adhesive 

-Modification of lithium disilicate glass ceramic 

cementation 

Procedure 

Orthodontics -Preventing against demineralization around 

orthodontic brackets 

 

Antimicrobial activity of chitosan 

Applications of the antimicrobial activity of chitosans are currently being investigated in food packaging, textile and cosmetic 

industries, and in biomedical applications, including dentistry. The adherence of oral bacteria on the tooth surface leads to 

plaque formation. It is believed that the adhesion between the bacteria and the tooth surface is due to electrostatic and 

hydrophobic interactions. Positively charged amine groups of chitosan derivatives can actively play against these interactions 

and prevent the plaque formation.14 The antimicrobial effects of chitosan depend on its degree of de-acetylation and molecular 

weight. Chitosans are polycationic in nature with active amino and hydroxyl functional groups. Chitosans adsorb well to 

salivary pellicles and create a positively charged and more hydrophobic pellicle surface.The positively charged amino groups 

in chitosan interact with negatively charged microbial cell surfaces and which results in the loss of barrier function of the 

microbial cell wall and the leakage of proteinaceous and other intracellular material. The positive charge of chitosan-treated 

pellicles helps in the decreasing the viability of S. sanguinis attached to saliva coated enamel treated with chitosan. 

Chlorohexedine with chitosan combination has more effect on reduction in cell viability than chlorhexidine alone.15 Sano et al 

(2002) demonstrated the effect of increased hydrophobicity of salivary pellicles after chitosan adsorption and its influence on 

reduction in adhesion of Streptococcus sobrinus to saliva-coated hydroxyapatite disks, which was minimal for chitosans with a 

molecular weight of 5–6 kDa and a degree of acetylation of 50–60%. They also have demonstrated that the low-molecular-

weight chitosans inhibited the initial adhesion of oral bacteria to human tooth surfaces at a level comparable to that of a 50 mg 

l-1 (50 ppm) chlorhexidine solution. Busscher et al (2008) demonstrated the application of chitosan in oral health care as a 

promising antimicrobial agent. They evaluated the effects of a chitosan on bacterial adhesion and growth on chitosan-treated 

pellicles. Chitosan caused a reduction in bacterial adhesion and was responsible for bacterial death upon contact.16 

 

Chitosan in Dentifrices 

Dentifrices are agents used along with a toothbrush to cleanse and polish natural teeth. Dentifrices should have maximum 

cleansing efficiency with minimum tooth abrasion. Dentifrices perform three important functions such as: 1. They assist the 

toothbrush to mechanically the teeth. 2. They polish teeth to provide increased light reflectance and superior esthetic appearance. 



Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 10 ¦ 2022 1362 

 

 

3. Finally, they act as vehicles for the delivery of therapeutic agents that provide known benefits. Therapeutic agents include 

fluorides, tartar control agents, desensitizing agents, peroxides, and bicarbonates. The high polish as an added benefit enables 

teeth to resist accumulation of microorganisms and stains better than rougher surface. Chlorhexidine gluconate solution is most 

commonly used mouth rinse for the prevention of plaque formation and development of gingivitis since it has good 

antimicrobial activity against the microbes responsible for oral infections. However, the side effects associated with CH are 

sensitivity changes in tongue, poor taste, taste disturbance, extrinsic tooth staining, pain, and the content of alcohol. So, there 

is a necessity to develop a novel material that fulfils the requirements of oral health care products. Researchers have explored 

the applications of chitosan in dentifrices. Chitosan possesses good antimicrobial properties, acts as a good gelling agent, and 

does not require any preservatives. Mohire et al (2010) developed chitosan based polyherbal toothpastes with enhanced 

performance in oral care as chitosan inhibits the growth of Streptococcus mutans and Porphyromonas gingivalis; 

microorganisms responsible for caries and gingivitis, respectively. These polyherbal tooth pastes are composed with chitosan, 

eugenol and Pterocarpus marsupium aqueous extract, Stevia rebaudiana aqueous extract, Glycyrrhiza glabra aqueous extract. 

Chitosan based polyherbal tooth pastes proved to be a promising to be a potential oral hygiene product, which inhibited the 

growth of microorganisms responsible for caries and gingivitis and also potentiates the effectiveness of active ingredients of 

toothpaste for antimicrobial and anti-inflammatory activities. 

 

Chitosan based adhesives 

Several materials have been attempted to improve the antimicrobial properties of dental adhesives, including methacryloxy 

dodecyl bromide, inorganic agents, methacryloxy ethyl cetyl dimethyl ammonium chloride and chlorohexidine, with varying 

degrees of success. Antibacterial activity of a self etching primer was improved by the incorporation of CH. However, 

incorporation of chlorhexidine with higher concentrations has the negative effect on the bond strength of adhesive to dentin. 

Elsaka et al (2012) evaluated the antibacterial activity and bond strength of single bond adhesives modified with various 

concentrations of chitosan. Adhesives with the lower concentrations of chitosan were proved to be more effective against S. 

Mutans. However, greater the concentration of chitosan has negative effects on microtensile bond strength, degree of conversion 

and pH. The viscosity of the adhesive resin is more as the concentration of chitosan increases that prevents the infiltration of 

resin in to the demineralised dentin. 

 

Chitosan as implant surface modifier 

The role of surface topography has been the interesting area of investigation in implant dentistry for several years. Several types 

of implant surface textures are currently available for clinical use. Some of these have the ability to enhance and direct the 

growth of bone and achieve osseointegration when implanted in osseous sites. Various surface characterization methods of 

titanium implants were discussed in the literature; including mechanical, chemical, electrochemical, vacuum, thermal and laser 

treatments. Bimimetic deposition such as calcium phosphate and/or carbonate apatite coatings form more complex and porus 

structure over the implant surfaces. Electrodeposition of Chitosan in combination with calcium phosphate on the Ti6Al4V 

implants significantly improved the biocompatibility with no adverse affects on the other properties of implants. It has been 

reported that electrolytically deposited calcium phosphate was initially octacalcium phosphate, which later transferred into 

carbonate apatite. This is because of the presence of chitosan that influences calcium phosphate formation and crystallization, 

with the result that octacalcium phosphate is inhibited to transfer into carbonate apatite and crystallinity is decreased. Increase 

in the concentration of chitosan has the negative affects on both the coating thickness and surface roughness.17 

 

Chitosan as dentin collagen 

Various chemicals such as EDTA, NaOCl, and MTAD are used during non-surgical root canal treatment to clean and seal the 

root canals. These chemicals may affect the structural integrity of root dentin. Treatment with EDTA results in demineralization 

of dentin with exposed collagen fibrils that contributes to interfacial nanoleakage at the dentin-sealer interface. In addition, 

there is a reduction in the mechanical strength of dentin when exposed to NaOCl.18 Other factors those influence the structural 

integrity of root dentin are bacterial enzymes and host-derived matrix metalloproteinases (MMPs). Recently, more attention 

has been given on crosslinking of collagen and neutralization of MMPs to stabilize dentin collagen.19 Alternatively, 
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photodynamic crosslinking has been reported to induce rapid and stable covalent crosslinking of collagen by exposing 

photosensitizers such as rose Bengal to an appropriate wavelength of light (540 nm). In addition to crosslinking, reinforcement 

of the collagen matrix can be achieved by incorporating biopolymers such as chitosan that can be crosslinked with collagen 

fibrils. Incorporation of chitosan improves the biological and mechanical properties of collagen constructs significantly. More 

recently, the effect of carboxy methyl cellulose on structural integrity of dentin was evaluated and it was proved that there is a 

significant improvement in the chemical stability, tensile strength and toughness of dentin collagen by chemically/ 

photodynamically crosslinking collagen matrix with carboxy methyl cellulose chitosan.20,21 

 

As dental scaffold material 

An organic scaffold is used to provide a surface on which cells may adhere, grow, and spatially organize. Biocompatibility is 

the first and foremost important characteristic of scaffold to prevent adverse tissue reactions. The synthetic polymers such as 

poly(lactic) acid (PLA) and poly(glycolic) acid (PGA) are most commonly used in tissue engineering. More recently, Chitosan 

is considered as scaffold material because of its good biocompatibility and degradability via naturally occurring enzymes, it 

has been used for numerous dental tissue engineering applications.22 

 

Conclusion 

Chitosan is a biocompatible biopolymer, is currently being used for various applications in dentistry due to its various biological 

properties. It is capable of activating host defences to prevent infection and accelerate wound healing as well as repairing the 

tissues. Research is continuing on new derivatives of chitosan in order to provide a better form for application to the site of 

effect apart from the antimicrobial activities. 
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