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1. INTRODUCTION  

Chitosan is a natural biopolymer acquired from chitin, mainly from shell of crustaceans. N-
acetylglucosamine and glucosamine copolymer units make up the chemical structure of chitosan (Cicciù et 
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 Chitosan is a natural biopolymer acquired from chitin, mainly from shell 
of crustaceans. Its major properties include, nontoxic, biocompatible, 
antimicrobial, anti-inflammatory, stimulate wound healing and cell 
proliferation. Due to these properties, chitosan has gained a significant 
attention due to its wide range of application, including regenerative 
dentistry. Regenerative dentistry aimed to restore damaged tissues such 
as dentin and root structures and pulp-dentin complex. 

One of the important elements in regeneration of pulp-dentin structure 
is pulp capping material. Studies found that chitosan exhibit a great 
potential as a pulp capping material due to its ability to stimulate 
reparative dentin, maintain pulpal vitality, good antimicrobial activity, 
adherence properties to restorative material and dentin, and can resist 
forces during placement of restoration. Nanotechnology in tissue 
engineering may further enhance the properties and application of 
chitosan in biomedical field. 

This review discussed on the potential of chitosan as a pulp capping 
material based on the results of current research. This article also briefly 
discussed on the limitations of chitosan and method to overcome the 
challenges. 
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al., 2019). It is insoluble in water but readily dissolves in acid media. Its major properties include, nontoxic, 
biocompatible, antimicrobial, anti-inflammatory, stimulate wound healing and cell proliferation (Kmiec et 
al., 2017). Because of its remarkable biological properties, chitosan is becoming popular in dentistry. One 
of its intriguing qualities is its ability to develop new biomaterial for various application in dentistry 
including pulp-dentin regeneration procedure. 

 One of the approaches to deliver a regenerative material is via pulp capping procedure. It can be defined 
as a protective base or liner serves as a barrier between restorative material and tooth (American Academy 
of Pediatric Dentistry, 2023). The goal of pulp capping material is to sustain pulp vitality through either 
direct or indirect pulp capping (Alex, 2018). Ideal properties of pulp capping material comprise abilities to 
promote reparative dentin, bactericidal or bacteriostatic, good mechanical properties, and may provide 
bacterial seal (Cohen & Combe, 1994). The study on pulp capping material is still evolving to improve its 
quality and properties. 

 On the other hand, the history of regenerative dentistry dates back to around 1952, when Dr. B. W. 
Hermann published a case report on the use of Ca (OH)2 in the amputation of important pulp (Hermann, 
1952). The regenerative process involves a biologically based procedures aimed to restore damaged tissues 
such as dentin and root structures and pulp-dentin complex. A review had discussed on the multiple 
techniques of pulp-dentin regeneration such as via revascularization, stem cell therapy, pulp implant, 
scaffold, gene therapy and others (Murray et al., 2007). 

 Therefore, material selection is important to ensure the effectiveness of regenerative process. Calcium 
hydroxide is a well-known material used for pulp capping up until today (Komabayashi et al., 2016). 
However, various studies have reported that calcium hydroxide has high solubility rate and poor sealing 
ability to tooth structure due to its poor adhesive properties. Both characteristics may create marginal 
leakage underneath the restorations (Li et al., 2015; Zhu et al., 2015; Franzin, N.R. et al., 2021). Due to 
that, other materials such as calcium phosphate, silicate-based materials, ceramic materials and other 
synthetic and natural biomaterials including chitosan had currently evolved as a potential pulp capping 
material (Urgiles et al., 2024). This review aims to present the potential of chitosan as a pulp capping 
material especially as an aid in dentin-pulp regeneration based on various studies. 

2. CRITERIA OF PULP CAPPING MATERIAL 

The interactions between dental hard tissues, vital pulp and various restorative materials in a unique 
environment required great demand on the selection of pulp capping material. Many distinct materials have 
been employed as a pulp capping materials especially for vital pulp therapy approach. For example, gold 
foil, calcium hydroxide, corticosteroid/antibiotics mixture, resin-modified glass ionomer cements, and 
others (Tomson & Duncan, 2021). 

 The primary goal of pulp capping material is to protect and maintain a viable pulp. In order to enhance 
the thickness of dentin, the material selected should encourage the pulp’s ability to lay down dental hard 
tissue in the form of reactionary or reparative dentin. Cohen BD in 1994 suggest the ideal properties of 
pulp-capping materials include: 

i. Stimulate reparative dentin formation. 
ii. Maintain pulpal vitality. 

iii. Antimicrobial activity. 
iv. Adhere to restorative material and dentin.  
v. Resist forces during restoration placement. 
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 Therefore, recently studied materials for pulp capping should aim to possess those characteristics to 
provide a desirable quality for pulp therapy. 

3. POTENTIAL OF CHITOSAN AS PULP CAPPING MATERIAL 

3.1 Stimulate reparative dentin formation 

 The objective of regenerative dentistry is to develop biomaterials that can facilitate dentin-pulp 
complex’s regeneration. An in-vivo study observed the effect of chitosan on the formation of odontoblast-
like cells using chitosan-coated red snapper fish scales as a direct pulp capping medicament on healthy rats 
and with reversible pulpitis. Based on the study, odontoblast-like cell formation was observed in group of 
rats treated with chitosan compared to without any treatment. It is suggested that chitosan-coated red 
snapper fish scales help to stimulate the progenitor cells and promotes formation of transforming growth 
factor-beta 1 (TGF-β1) as an initial stage for the production of odontoblast-like cells (Tifani et al., 2023). 

 In a study that investigate the pulp capping ability and reparative dentin formation in dog model via 
chitosan bilayer membrane containing TGF-β1 loaded microspheres claim that the formulation provides a 
better growth factor delivery for dental regenerative applications. The results plotted in the study shows 
that there are proliferation of odontoblast-like cells and increase in thickness of reparative dentin for the 
chitosan membrane group. However, the plot demonstrates improved results upon incorporation of growth 
factor or other active material into the chitosan membrane (Yang et al., 2012). It is agreed by recent study 
that shows higher deposition of mineralized matrix upon infusion of calcium hydroxide β-glycerophosphate 
(βGP) with porous bioactive chitosan scaffold (Bordini et al., 2022). 

 Earlier research in 2014 aimed to study the biomimetic of remineralization and demineralization of 
dentin using scaffold containing chitosan. The materials used in this study is carboxymethyl 
chitosan/amorphous calcium phosphate (CMC/ ACP). They mentioned that the formulation is able to mimic 
the stabilizing effect of dentine matrix protein 1 (DMP1) on ACP in the biomineralization of dentine. 
Although ACP nanoparticles are the active elements to achieve intrafibrillar mineralization of collagen, 
chitosan is also crucial to provide stabilization of the scaffold. Hence, CMC/ACP nanocomplexes could be 
a viable indirect pulp capping material for the treatment of deep caries since they demonstrate a promising 
effect of remineralisation on demineralised dentine (Chen et al., 2015). As a result, dentinal tissue can be 
maintained to the greatest extent possible. 

3.2 Maintain pulpal vitality 

 The intentions of pulp therapy are to preserve the vital pulp tissue and encourages its repair. Thus, pulp 
capping material stimulate the repair process by enhance the recruitment, migration, proliferation, and 
differentiation of human dental pulp stem cells (DPSCs) (Sangwan et al., 2012). A study mentioned that 
vascular endothelial growth factor (VEGF) plays a crucial role in dentin-pulp regeneration. However, its 
administration is always challenging. Chitosan hydrogels were used as a bioactive material and delivery 
method in this study. Their findings found that chitosan hydrogel has a potential function and possible 
carrier of bioactive molecules in pulp capping therapy. It is found that it may steadily release the VEGF 
and support the odontogenic differentiation of DPSCs (Wu et al., 2019). 

 Besides placement of VEGF into the chitosan hydrogel, another study provides an idea to combine 
chitosan and hydroxyapatite. Their potency to promote angiogenesis and fibroblast cell proliferation were 
studied in-vivo on molars of Rattus norvegicus rat (Sularsih et al., 2024). The samples were grouped into 
five groups in which glass ionomer cement (GIC), calcium hydroxide (Ca (OH)2), chitosan (CH), 
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hydroxyapatite (HA), and chitosan and hydroxyapatite (CH-HA) were placed respectively. 
Histopathological examination of the blood vessels and and fibroblast cells were studied after Day 3, 7, and 
14. The results found that the CH-HA group showed the greatest blood vessels and fibroblast cell 
proliferation upon healing of direct pulp capping. In comparison, GIC group presented with the lowest 
healing process. On the other hand, the CH and HA only group express better cell proliferation compared 
to Ca (OH)2 group. Immunohistochemistry examination of VEGF expression on Day 3 of the experiment 
also demonstrates a consistent result. Highest expression of VEGF was observed in CH-HA group. The 
study concluded that formulation of chitosan and hydroxyapatite could aid in pulp healing and maintaining 
pulp vitality. 

 Furthermore, to prevent progression to irreversible pulpitis or pulp necrosis, hydrogels or scaffolds 
should not induce or induce only a low inflammatory or immune response (Colombo et al., 2014). Many 
dental hydrogels are engineered to be non-toxic and free from harmful chemicals. According to a study on 
regenerative material, the immune response from the hydrogels can be modulate by its physical and 
chemical properties. This process called immunomodulation allow a controlled and low inflammatory 
response (Bu et al., 2022). Ducret et al. (2019) have designed an innovative cellularized fibrin hydrogel 
supplemented with chitosan. Although the percentage of viable dental pulp-mesenchymal stem/stromal cell 
(DP-MSC) was seen similar in fibrin-alone and fibrin-chitosan hydrogels at both Day 0 and Day 7, the cell 
proliferation by the expression of nuclear marker MKI67 both at gene and protein level with RT-qPCR and 
immunohistochemistry shows otherwise. The fibrin-chitosan hydrogels express significant level of 
expression between Day 2 and Day 4 indicates marked cell proliferation. These combinations are currently 
preferred by the researchers due to its positive impact on the tissue engineering. To support, a recent in-
vivo study on the effect of nanotchitosan derived from red snapper fish scales on pain and pulp inflammation 
found that nanochitosan reduced the levels of inflammatory mediators such as TNF-α and leukocyte cells 
(Widyastuti et al., 2024). 

3.3  Antimicrobial activity 

 Remaining bacteria post-cavity preparation may lead to pulpal injury. Antibacterial properties of pulp-
capping material during permanent restoration are crucial to prevent further pulpal damage. Pulpal 
inflammation can also be avoided if the surrounding bacteria been arrested, thus maintaining the pulp 
vitality. Among various oral microorganisms, study shown that Streptococcus mutans, Lactobacillus 
acidophilus, and Enterococcus faecalis are the main culprit in dental caries formation and progression into 
the root canal system (Siqueira & Rôças, 2008). Because of that, the effectiveness of pulp therapy might 
depend on the good antimicrobial properties exerted by pulp capping materials. 

 One of the favorable properties of chitosan is its antimicrobial properties towards bacteria, viruses, 
fungi, and even algae (Erpaçal et al., 2019). Chitosan inhibits bacterial growth mainly via bacteriostatic 
action. Research that developed an antibacterial adhesive using carboxymethyl-chitosan (CMC) aimed to 
to study its antibacterial activity against S. mutans. Etch-and-rinse adhesive were applied without CMC 
application in the negative control group. There was a considerable suppression of S. mutans growth in 
CMC-containing adhesive group compared to the negative control. More efficient suppression was seen 
upon CMC concentration of 5 to 10 mg/mL and no significant finding was noted beyond the concentration 
(Yao et al., 2022). 

 A paper from Dental Materials Journal in 2020 presented on the antibacterial property of chitosan 
against E. faecalis especially in endodontic treatment. 6 different types of chitosan with different molecular 
weight were used in this study. The study reported that the 1,700 and 2,100 kDa have the lowest MBC at 2 
mg/mL, suggesting that they have the highest antibacterial activity. They also studied on the time required 
for bactericidal activity of chitosan towards E. faecalis. The findings imply that chitosan might be an 
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effective antibacterial agent against E. faecalis with a contact time more than 10 minutes (Supotngarmkul 
et al., 2020). Another recent study that incorporates chitosan hydrogels in extracellular matrix for dentin-
pulp complex regeneration shows an inhibitory effect on E. faecalis biofilms and the formulations 
demonstrated a remarkable ability to regulate the growth of the bacteria (Osman et al., 2025). 

 Various factors affecting the antimicrobial activity of chitosan. One of the factors mentioned in a study 
is that a combination of bacterial cell binding and DNA binding mechanisms could provide the antibacterial 
action of chitosan (Chen & Chung, 2012). Moreover, antioxidant activity of chitosan cause neutralisation 
of free radicals and binding to metal ions thus, converting various constituents into stable compounds. This 
antioxidant activity is mostly caused by the basic group's hydroxyl (-OH) and amino (-NH) (Yildirim et al., 
2016). Chitosan inclusion is therefore beneficial for improving dental materials' biocompatibility, 
particularly with regard to their antibacterial properties. 

3.3.1 Mechanism of actions of chitosan as antimicrobial therapy for pulp capping 

a. Disruption of cellular membranes of microorganisms 

Electrostatic interaction between the positively charged amine groups (NH3+) of glucosamine of 
chitosan with the negatively charged microbial cell surface microrganisms, disturbed the cellular 
components leading to cell death (Feng et al., 2021). Teichoic acid which is negatively charged 
present in Gram-negative bacteria will separate the intracellular and extracellular membrane. As 
a result, periplasmic space was formed and causing damage to the cell membrane. Besides that, 
elevation of electrical conductivity of cellular lysate and β-galactosidase activity led to hydrolysis 
of peptidoglycans and release of cellular components. In contrast, chitosan neutralizes the negative 
charges on Gram-negative bacteria due to the presence of lipopolysaccharides (LPS). This will 
disintegrate the cellular membrane allowing pathway for chitosan entry and cause cell death. 

b. Interference of cellular transcription and translation 

Synthesis of mRNA and proteins functions for cellular replication via transcription and translation 
process. Chitosan can disturb the process by penetrating the nucleic component of 
microorganisms. Interaction of positively charged NH2 groups in oleoyl-chitosan nanoparticles 
(OCNPs) with the negatively charged phosphate groups of DNA/RNA inhibited the transcription 
and translation in E. coli (Xing et al., 2009). The results were similar with other studies which 
utilize chitosan oligomers for inhibition of DNA transcription and protein biosynthesis in E. coli 
(Galván Márquez et al., 2013). 

c. Chitosan as a chelating agent 

The NH3+ group of glucosamine in chitosan selectively interact with metal ions present in the 
bacterial cell surface. The interaction creates a chelating activity which inhibits the microbial 
growth. The process occurs by the donation of electrons from NH3+ to the metal ions of phosphate 
groups in LPS or teichoic acid on the cellular membrane. These formed a stabilized polymer and 
metal complex resulting in the instability of the cell surface potential and mutual repulsion among 
negatively charged phosphate group, ultimately leading to the rupture of the cell membrane (Feng 
et al., 2021). 
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d. Blockage of oxygen pathway 

A dense layer of chitosan obstructs the porins on the microbial cell surface's, inhibiting the 
exchange of gases and nutrients between the microbial cell and its surroundings and impeding its 
ability to proliferate (Feng et al., 2021). The effect of this activity is more pronounce in aerobic 
microorganisms, in which depletion of oxygen may hinder their growth and leads to cell death. 

3.4 Adhere to restorative material and dentin  

 Adhesive dentistry has made significant strides in the last few decades. Even with advancements in 
adhesive dentistry, the durability of adhesive-bonded restorations remains uncertain. Present of unorganised 
matrix and differs morphologically from healthy dentin cause a challenge to achieve bioadhesive interface 
in partially deminaralized substrate (Perdigão, 2009). Hydrolysis of exposed collagen due to bacterial by-
products and enzymatic activity lead to dentin-resin interface degradation and decreased bond strength. 
Even though calcium hydroxide has been used in dentistry since several decades due to its various 
advantages, there are also some limitations. Calcium hydroxide-based sealer has been found to have poor 
cohesive strength, greater solubility and finally lead to high incidence of marginal leakage (Desai & 
Chandler, 2009). 

 A paper from Restorative Dentistry & Endodontics has evaluated the bond strength of adhesive 
interface on demineralized dentin after application of chitosan solution. They suggested that chitosan-
induced biomodification may improve the adhesive interface on demineralized dentin (Ziotti et al., 2022). 
The in vitro study involves 80 extracted third molars which then divided into two groups, control using 
distilled water and 2.5% chitosan solution. The specimen was then further divided into immediate test and 
aged. The microtensile bond strength demonstrated that chitosan treatment on demineralized dentin 
improved the bond strength immediately and after aging of the specimens. However, chemical and 
morphological compositions found no significant differences. The hypotheses behind it can be due to the 
chitosan treatment are able to retain the organic and inorganic components of the samples and thus 
maintaining its compositions before and after the procedure. 

 Another paper also reported similar results on the bond strength upon incorporation of chitosan and 
nanochitosan in universal adhesive system (El-Din et al., 2023). The objective of their study is to assess the 
wettability, pH, and microtensile bond strength of universal adhesive after incorporation of 0.5% and 1% 
of bulk-chitosan and nanochitosan. Similar method as previous study were conducted in which premolars 
(n=50) were involved. The results on microtensile bond strength showed that addition of nanochitosan 
produced greater bond strength. On the contrary, no effect was found on the immediate bond strength upon 
application of bulk-chitosan. The inclusion of filler nanoparticles is thought to enhance the mechanical 
characteristics of the adhesive monomers and strengthen the hybrid layer and bond strength (Alhenaki et 
al., 2021). 

3.5 Resist forces during restoration placement 

 In different in vitro study, the paper also reported similar findings on the durability of resin-dentin 
interface with additional of chitosan gel on different etching system. Initially, they reported that there is no 
significant difference was observed between etch-and-rinse and self-etch adhesive system. Following that, 
chitosan treated dentin had been found to has better immediate bond strength with the dentin and adhesive 
materials. The science behind it was well explained by Baena et al. Chemical structure of chitosan contain 
free amino and hydroxyl groups besides positive charges that form an ionic interaction tp produce a cross-
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linkage with dentin collagen. This results in a mechanically robust fibril chain and improves the mechanical 
performance of restorations (Baena et al., 2020). 

 There is minimal research that observe the bonding strength between chitosan and other restorative 
materials. Two papers have reported on the application of chitosan-incorporated composite resin and its 
evaluation on bond strength and microleakage. First paper found that application of 0.25% chitosan 
nanoparticles (CSN) incorporated in universal composite and eight-generation dentin bondin agent (DBA) 
provide greater bond strength compared to other percentage of chitosan. Nevertheless, the result is not 
significant towards the control group which use only DBA and composite, without chitosan incorporation 
(Halkai et al., 2022). 

 The outcome aligns with the findings of the second paper, in which they discovered that there was no 
statistically significant difference in microleakage score between chitosan-composite group and unmodified 
composite group upon immediate placement of restoration. Yet, chitosan-incorporated composite appears 
to have better mechanical qualities and create a more stable bond than unmodified composite. It can be seen 
from the reported evidence of microleakage after 3 months of storage in artificial saliva. The paper stated 
that the occurrence of microleakage appears to be considerably lower in the chitosan-composite group after 
3 months of storage in artificial saliva (Nadig et al., 2021). 

 Based on the multiple reported studies, it is belief that chitosan may act as a component to improve 
dentin adhesive system, bonding, and dental restoration. However, there are limited number of research and 
most of the studies done are limited to in vitro technique using extracted teeth. The actual intraoral 
environment could be different compared to the laboratory settings. Therefore, future research is required 
to investigate the outcome of chitosan adhesion and bond strength in actual intraoral conditions using in 
vivo or clinical studies. 

4. RECENT STUDIES ON CHITOSAN FOR DENTIN-PULP REGENERATION 
 

Title / Author Materials Conclusion 

Design And Characterization 
of a Chitosan-Enriched 

Fibrin Hydrogel for Human 
Dental Pulp Regeneration. 

(Ducret et al., 2019) 

Chitosan-enriched 
fibrin hydrogel 

‘Comparative analysis of fibrin-alone and fibrin–
chitosan hydrogels revealed a potent antibacterial 
effect of the chitosan in the fibrin network, and 
similar DP-MSC viability, fibroblast-like 
morphology, proliferation rate and type I/III 
collagen production capacity.’ 

Evaluation of Chitosan Hydrogel for 
Sustained Delivery of VEGF for 

Odontogenic Differentiation 
of Dental Pulp Stem Cells. 

(Wu et al., 2019) 

Chitosan hydrogel with 
vascular endothelial growth 

factor (VEGF) 

‘CS/β-GP hydrogel could continually release 
VEGF and contribute to odontogenic 
differentiation of DPSCs, thus may become a 
potential carrier of 
bioactive molecules in pulp capping therapy.’ 

Silver-Doped Bioactive 
Glass/Chitosan Hydrogel 
with Potential Application 

in Dental Pulp Repair. 
(Zhu et al., 2019) 

Silver-doped bioactive 
glass/chitosan hydrogel 

‘The results showed that Ag-BG/CS induced 
stronger reparative dentin formation and 
enhanced preservation of vital pulp tissue when 
compared to the MTA. It also enhanced pulpal 
repair through the mitogen-activated protein 
kinase (MAPK) pathway. This material may 
represent a superior solution for dental pulp-
capping clinical scenarios with specific 
advantages for cases of early diffuse pulpitis in 
immature permanent teeth.’ 

Dental Pulp Inflammatory/ Immune 
Response to a Chitosan-Enriched Fibrin 

Chitosan-enriched 
fibrin hydrogel 

‘These data collectively demonstrated that fibrin-
chitosan hydrogels induced an inflammatory/ 
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Hydrogel in the Pulpotomised Rat 
Incisor. 

(Renard et al., 2020) 

immune response similar to that of the fibrin 
hydrogel. The results confirmed the potential 
clinical use of fibrin-chitosan hydrogel as a new 
scaffold for vital-pulp therapies.’ 

In Vitro Evaluation of Injectable 
Tideglusib-Loaded Hyaluronic Acid 

Hydrogels Incorporated with Rg1-Loaded 
Chitosan Microspheres for Vital Pulp 

Regeneration. 
(Atila et al., 2021) 

Tideglusib-loaded 
hyaluronic acid hydrogels 
and Rg1-loaded chitosan 

microspheres 

‘Injectable Tideglusib-loaded hyaluronic acid 
hydrogels incorporated with Rg1-loaded chitosan 
microspheres hydrogel formulation has potential 
to improve strategies for vital pulp regeneration.’ 

Physical and Biological Properties of a 
Chitosan Hydrogel Scaffold Associated to 
Photobiomodulation Therapy for Dental 
Pulp Regeneration: An In Vitro and In 

Vivo Study. 
(Moreira et al., 2021) 

Chitosan hydrogel scaffold 
with photobiomodulation 

therapy 

‘Chitosan hydrogel when applied with a blood 
clot and PBMT could in the future improve 
previous results of dental pulp regeneration 
through cell homing approaches.’ 

Tunable Chitosan-Calcium Phosphate 
Composites 

As Cell Instructive Dental 
Pulp Capping Agents. 

(Osmond & Krebs, 2021) 

Chitosan-calcium phosphate 
hydrogel 

‘These composites provide sufficient compressive 
modulus, biocompatibility, and odontogenic 
potential to potentially be used as a regenerative 
dental composite in future studies.’ 

Chitosan In Association with Osteogenic 
Factors as A Cell Homing Platform for 

Dentin Regeneration: Analysis in A Pulp-
In-A-Chip Model. 

(Bordini et al., 2022) 

Calcium hydroxide, β-
glycerophosphae (βGP) and 

porous chitosan scaffold 

‘Direct interaction of pulp cells in a 3D matrix 
simulating clinical pulp exposure also revealed 
that the microenvironment created by this 
innovative scaffold is capable of mobilizing pulp 
cells to its surface, inducing odontoblastic 
differentiation even in the absence of osteogenic 
medium supplementation, along with stimulation 
of mineralized matrix deposition in an 
environment surrounded by dentin.’ 

The Effect of Chitosan on the Formation 
of Odontoblast-Like Cells in Reversible 

Pulpitis 
(in Vivo Study on Sprague Dawley Rats). 

(Tifani et al., 2023) 

Chitosan- 
coated red snapper fish 

scales paste 

‘Chitosan red snapper fish scales used as a direct 
pulp capping material influence the formation of 
odontoblast-like cells in reversible pulpitis.’ 

Potency of the Combination of Chitosan 
and Hydroxyapatite on Angiogenesis and 

Fibroblast Cell Proliferation in Direct 
Pulp Capping of Rattus norvegicus. 

(Sularsih et al., 2024) 

Chitosan and 
hydroxyapatite paste 

‘The combination of chitosan and hydroxyapatite 
could promote healing of direct pulp capping 
treatment by increasing the expression of VEGF, 
blood vessel, and fibroblast cell proliferation.’ 

The Effect of Nanochitosane of Red 
Snapper Fish Scales (Lutjanus Sp.) on 

Pain and Pulp Inflammation. 
(Widyastuti et al., 2024) 

Nanochitosan 
‘The results of this study showed that redfish scale 
nanochitosane can decrease inflammation by 
lowering TNF- and pain levels.’ 

Bioinspired Smart Dentin ECM-Chitosan 
Hydrogels for Dentin-Pulp Complex 

Regeneration. 
(Osman et al., 2025) 

ECM-chitosan hydrogels 

‘The proposed dentin-ECM-chitosan hydrogels 
have demonstrable microarchitecture, 
biophysical characteristics, biocompatibility, and 
antibacterial capacity to produce cell-inducing 
scaffolds for use in regenerative dentistry.’ 

5. LIMITATION OF CHITOSAN 

Despite of the wide application of chitosan in biomedical field, there are some limitations of chitosan. The 
challenges include poor solubility of the polymer especially in neutral pH and alkaline pH condition. This 
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might limit its applications in many fields (Younes & Rinaudo, 2015). Commonly, chitosan will be 
dissolved in other dilute acid solutions such as 1% of acetic acid, formic acid or lactic acid (Pardo-Castaño 
& Bolaños, 2019). To further overcome the issue, various techniques of chemical modifications were 
applied. These includes oligomerization, alkylation, acylation, quaternization, hydroxyalkylation, 
carboxyalkylation, thiolation, sulfation, phosphorylation, enzymatic modifications and graft 
copolymerization. The process involved mainly the alteration of functional groups present in chitosan (eg: 
-OH and -NH2 groups). These chemical changes have the potential to modify the structure of chitosan while 
also enhancing its physicochemical and biological properties, including adsorption, solubility, and 
biocompatibility. 

 Besides that, chitosan polymer also exhibits inferior mechanical properties. These may result in 
brittleness of the material and may impaired its longevity and function. To solve the drawbacks, chitosan 
is commonly blended with other synthetic or natural polymer such as polyethylene oxide (PEO), 
polyethylene glycol (PEG), carboxy methyl cellulose (CMC), polyvinyl alcohol (PVA) and others (Kaur et 
al., 2023). Combination of two or more biopolymers along with inorganic materials may form a superior 
properties of hybrid biocomposites. Laboratory research on the improvement of mechanical properties of 
chitosan films by the addition of PEO was conducted. The result suggested that blended films of 
chitosan/PEO produced a better mechanical property hence, it is suitable to be utilised in biomedical 
application (Alexeev et al., 2000). 

6. CONCLUSION 

Chitosan is a biocompatible biopolymer with a unique chemical structure that offers exceptional 
physiochemical and biological properties such as less toxicity, biodegradability, biocompatibility, low cost, 
hemostatic, and mucoadhesive. The rising market perspective and the volume of papers and patents that 
arise annually indicate the potential interest in these polymers. In the field of dentistry, chitosan is a good 
candidate for the future dental materials. Based on the various studies, chitosan is found to have a great 
potential as a pulp capping material. With the migration towards regenerative dentistry, chitosan has the 
ability to stimulate reparative dentin formation, maintain pulpal vitality with a good antimicrobial property. 

 The main disadvantages of chitosan are poor solubility in aqueous solution and inferior mechanical 
properties. To overcome the limitations, chemical modification of chitosan can be applied by the alteration 
of its functional group. Chitosan can also be blended with other polymers to improve its qualities and 
mechanical properties. Current trend of nanotechnology and tissue engineering have gained significant 
attention and provide a wide application of chitosan in biomedical field. Therefore, frequent review and 
studies should be conducted to discover a lot more novel biomedical uses of chitosan. 
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