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Abstract

Chitosan, with its unique properties, has garnered the interest of materials scientists worldwide, leading to exploration in bio-dental
applications. In dentistry, chitosan has shown a wide range of applications. The creation of effective biomaterials for the prevention
and treatment of dental disorders is a challenge for researchers in the present scenario. The natural semi-synthetic polysaccharide-
based biomaterial Chitosan is derived from chitin, which is sourced from marine organisms. Due to its peculiar characteristics,
chitosan offers benefits in biomedicine and can be utilized in the development of capsules (micro and nanoparticles), powders,
scaffolds, films, beads, hydrogels, and bandages. Chitosan gives numerous benefits, inculcating its antimicrobial properties, mu-
coadhesiveness, and biomimetic mineralization, which contribute to its teeth-hardening eftects due to its remineralizing capabilities.
Such benefits have directed research and interest toward its dental applications Translation of research to clinical applications is
better suited for chitosan due to its multifactorial activities. Therefore, this article provides an overview of chitosan, which mainly
covers the basic information of chitosan, with a focus on different techniques of preparation of chitosan-based formulations. It also
explores the usage of chitosan in the treatment of various dental disorders.
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I. Introduction

The linear cationic polysaccharide-based polymer chi-
tosan is obtained by deacetylation of chitin. It is also
observed in fungal cell walls, cuticles of insects, etc [ 1-3].
Chitosan has significant potential in Pharmaceutical and
related industries. Further, it holds anti-bacterial, anti-
fungal, mucoadhesive, and gelling properties. Chitosan is
also nontoxic, biodegradable and biocompatible. It may
interact with various negatively charged moieties such as
enzymes, proteins, etc which makes it suitable for various
drug delivery applications. The copolymer units of N-

acetyl-glucosamine and glucosamine are present in Chi-
tosan. The functional groups associated with chitosan
support electrochemical interaction at molecular and cel-
lular levels [4—6]. The poor water solubility of chitosan
leads to the development of various tailor-made forms
of chitosan derivatives (carboxy methyl/thiolated). Var-
ious drug loaded nanoformulations were reported using
chitosan with the aid of sustaining/targeting the release
of encapsulated drug. Chitosan based copolymers are re-
ported for stimuli-responsive drug delivery systems [7].
The release of encapsulated drug from the chitosan is
governed by various mechanisms such as swelling, ad-
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sorption, diffusion, erosion or degradation, and a combi-
nation of erosion and degradation. The functional prop-
erties of chitosan are due to the prevalence of the amine
group in its structure [8—10]. Chitosan toxicity is based
on its degree of deacetylation in the aspects of molecu-
lar weight. Chitosan is composed of different elements
which include Carbon (44.11%), Hydrogen (6.84%), and
Nitrogen (7.97%). Chitosan exhibits low solubility in neu-
tral and alkaline pH environments.It plays an imperative
role in different multifactorial drug delivery applications
inculcating parenteral drug delivery, ocular drug deliv-
ery, mucosal drug delivery, per-oral drug delivery, gene
delivery, vaccine delivery, cancer therapy, pulmonary
drug delivery, and intranasal drug delivery, as shown in
Figure 1 [11,12].

2. Chitosan Based
Nanoformulation for Dentistry

The research into the biology of mineralized hard tissues,
especially dental tissues like dentin and enamel, has been
greatly impacted by nanotechnology. Dietary acids are the
primary cause of enamel demineralization, a common clin-
ical issue. Antimicrobial and dental restorative materials
are influenced by nanoparticle technology, and environ-
mentally friendly approaches to synthesizing nanomateri-
als are required to reduce their impact. In order to demon-
strate the superior performance of dental nanoparticles,
future advances should concentrate on actual difficulties,
genuine advancements, and real clinical scenarios [13].
Particular physiological and chemical characteristics of
these nanomaterials include their nano size, increased
surface-to-volume ratio for improved bonding qualities,
greater reactivity, and chemical wettability. These charac-
teristics have been applied to the identification and treat-
ment of oral malignancies as well as dentinal hypersen-
sitivity and oral biofilm elimination. Nanoparticles are
being investigated as drug-delivery vehicles for treating
dental caries, dentinal hypersensitivity, tooth remineral-
ization, oral biofilm management, local anaesthesia, root
canal disinfection, and periodontal infections One of the
important applications in dentistry is the selective delivery
of these agents to specific areas or cells, with periodontal
disease being one such instance. Due to their regulated
rates of release and durability in periodontal pockets, these
nanoparticles can reach deep pockets that may be inacces-
sible to other types of drugs. The most important type of
nanoparticles is polymeric ones since they are biodegrad-
able and easily customizable. Newer nano-biomaterials,
such as chitosan, which is derived from marine materi-
als, have been developed as a result of advancements in
biomedicine and are finding increased application in the

dentistry and medical domains. Full-bodied drug deliv-
ery carrier systems with high mechanical strength, good
contact time, and sustained drug release when in close con-
tact with the oral mucosa are made possible by chitosan-
based composites [14—16]. Chitosan possesses a range
of biological activities, such as hemostatic, antifungal,
mucoadhesive, and antibacterial qualities. Because of its
cationic properties, it interacts electrostatically with neg-
atively charged materials like sialic acid and epithelium
surfaces [17]. Tissue engineering, gene therapy, drug de-
livery systems, and other applications may be impacted
by these interactions. Furthermore, positively charged
chitosan forms a bond with cell DNA, which prevents the
synthesis of microbial RNA and makes it easier for active
agents to penetrate [18].

As chitosan has high antibacterial qualities, and
gelling properties, and doesn’t require preservatives, re-
searchers have looked into using it in dentifrices. The
development of polyherbal toothpaste based on chitosan
has inhibited the growth of Porphyromonas gingivalis
and Streptococcus mutans bacteria, hence enhancing the
antimicrobial and anti-inflammatory properties of tooth-
paste’s active components. Although the results have been
varied, attempts have also been made to enhance the an-
tibacterial capabilities of chitosan-based adhesives. The
potential of chitosan as dentin collagen to enhance the
mechanical and biological characteristics of collagen con-
structions has been investigated. The toughness, tensile
strength, and chemical stability of dentin collagen can all
be markedly increased by chemically/photodynamically
crosslinking the collagen matrix with carboxy methyl cel-
lulose, according to recent studies [19].

In 2023, Hoveizi et al. studied the effects of tita-
nium oxide nanoparticles (TiO NPs) and human endome-
trial stem cells (EnSCs) on dental pulp regeneration and
repair in male Wister rats. In this study, EnSCs were po-
sitioned on a three-dimensional scaffold made of chitosan
and TiO NPs, exposed to pulps, and then covered with
the scaffolds. The CS/EnSCs/TiO group had more dentin
overall and in better quality at 8 weeks than the other
groups. Dentin formation was accelerated and improved
in quality when EnSCs with TiO NPs and 3D chitosan
scaffolds were combined [20]. A method of remineral-
izing human carious-like enamel by the use of chimeric
peptide-mediated carboxymethyl chitosan/amorphous cal-
cium phosphate nano complexes was developed by Xiao
et al. in 2017. The developed nanocomplexes were syn-
thesized, amorphous calcium phosphate nanoparticles were
broken down, and their morphology was examined. The
purpose of the peptides was to bind the amorphous cal-
cium phosphate nanoparticles to the demineralized enamel
surface and direct their arrangement. Strong mechanical
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Figure |: Chitosan based drug delivery systems for multifactorial applications.

characteristics and stability characterized the produced
carboxymethyl chitosan/amorphous calcium phosphate
nano complexes were exhibited [21]. A new bio nanocom-
posite comprising chitosan, carboxymethyl starch, and
montmorillonite was developed in 2017 by Jahanizadeh
et al. for the delivery of curcumin. Various ratios of car-
boxymethyl starch, montmorillonite, and Chitosan were
employed to increase the effectiveness of trapping. With
a 91% entrapment efficiency and an average particle size
of 35.9 nm, the ideal formulation was used. Along with
showing antibacterial action against Streptococcus mu-
tans, the nanocomposite also successfully stopped biofilm
formation in dental models [22]. In 2021, Karthik et al.
produced benzodioxane-coupled piperazine-decorated chi-
tosan silver nanoparticles (Bep*C@AgNPs) and tested
their antibacterial and anti-biofilm capabilities against
MRSA (methicillin-resistant Staphylococcus aureus). The
nanoparticles had a minimum inhibitory concentration of
10 £0.03 ZOTI at 200 pg/mL and unique anti-biofilm capa-
bilities. The toxicity studies revealed decreased harmful
effects in the myoblast cell line (L6) study. This study
focuses on the biocidal efficiency of Bep*C@AgNPs and
their prospective clinical trial targets [23].

For its structural qualities and biocompatibility, A
dental cement nanocomposite including chitosan and di-
calcium phosphate was reported. With a 30% (w/w) di-
calcium phosphate content, the nanocement’s compres-
sive strength was 4.37 4+ 0.67 MPa, which is similar to
cancellous bone. In a salt-buffered sand (SBF) environ-
ment for 14 days, the nanocement displayed a rough and

porous shape. All cement composites exhibited bioactiv-
ity; however, the needle-shaped crystal calcium sulfate
hemihydrate (CSH) phase’s growth was reduced by the
addition of chitosan. The nucleation and crystallization
of hydroxyapatite were accelerated by the addition of cal-
cium and the reduction of apatite phase solubility, which
raised the pH of the SBF solution. The study concludes
that Portland clinker can be effectively modified to in-
clude chitosan and dicalcium phosphate for use in root-
end dentistry applications [24]. In 2020, Ma et al. devel-
oped a drug delivery system based on chitosan nanoparti-
cles to improve Cur’s therapeutic impact on polymicrobial
biofilms. Curcumin was loaded onto a positively charged
chitosan nanoparticle known as CSNP-Cur, and its an-
tibiofilm properties against Staphylococcus aureus and
Candida albicans were evaluated. Excellent antibiofilm
action against preformed biofilms, fungus, and planktonic
bacteria was demonstrated by the CSNP-Cur. On silicone
surfaces, it decreased the thickness of the biofilm and
eliminated microbial cells embedded in it, indicating its
potential as a novel therapeutic approach for infections
linked to polymicrobial biofilms [25]. In another study,
Ashraf et al. developed Mentha piperita essential oils
loaded with chitosan nanogel to be used as an antibiofilm
agent against Streptococcus mutans and shield its dental
plaque. The addition of Mentha piperita essential oils
increased the z-average while decreasing the nanoparti-
cles’ monodispersity. Over 360 h at room temperature
in a hydroalcoholic solvent, the maximal release of Men-
tha piperita essential oils was approximately 50%. As
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significant enzymes involved in extracellular polymers,
the study showed that chitosan nanogels provided an ef-
fective nanoformulation with the most inhibitory efficacy
against specific glycosyltransferase genes (gtfB, C as well
as D). According to the study’s findings, the developed
nanoparticles may be used in toothpaste or mouthwash
formulations as antibiofilm agents [26].

In 2019, Hu et al. developed pH-responsive quater-
nary ammonium chitosan-liposome nanoparticles using
chitosan (N, N, N-trimethyl chitosan), and doxycycline,
and these nanoparticles showed good antibacterial activity
and cytocompatibility with human periodontal ligament
cells. They demonstrated the ability to cure periodontal
disease by inhibiting biofilm growth and preventing alve-
olar bone absorption in animal tests [27]. To overcome
the drawbacks in the treatment of periodontitis, another
study developed a tinidazole functionalized biodegrad-
able chitosan/poly (e-caprolactone) mucoadhesive hybrid
nanofiber membrane. The nanofiber membrane, measur-
ing 143.55 £ 8.5 nm in diameter and 83.25 4 1.8% in en-
trapment efficiency, exhibited effective drug transport and
antibacterial activity. In early clinical trials, the nanofiber
membrane significantly reduced clinical periodontitis in-
dicators and was shown to be non-cytotoxic on mouse fi-
broblasts [28]. Recently, Sun et al. used a chitosan-based
biomaterial reinforced with calcium zirconium nanopar-
ticles (CZNP) to study the adaptive strategies of DPSCs
in response to oral disease situations. The study analyzed
the performance of the chitosan-CZNP biomaterial and
measured the vitality and proliferation of DPSCs under
conditions of oral illness. The findings demonstrated that
while maintaining or improving fracture toughness, ten-
sile strength, and apatite formation, increasing the weight
percentage of CZNP resulted in increased porosity and
drug release. The biomaterial with the highest levels of
apatite formation, fracture toughness, and drug release
was the one containing 7.5wt% CZNP. This study demon-
strates the potential of chitosan-CZNP biomaterials in
oral tissue engineering and regenerative medicine and
advances our knowledge of the coping mechanisms of
DPSCs [29].

In 2024, Hu et al. developed new chitosan nanopar-
ticles loaded with the peptide QPS5, which is derived from
amelogenin (TMC-QP5/NPs). Their potential for reminer-
alization and their capacity to inhibit endogenous matrix
metalloproteinases were examined. Several techniques
were used to investigate the loading and encapsulation
effectiveness of TMC-QP5/NPs. Dentin bonding was dra-
matically improved when TMC-QP5/NPs-induced rem-
ineralized dentin displayed increased pSBS and decreased
interfacial microleakage. Dentin remineralization was
aided by the peptide-loaded chitosan nanoparticles, which

also effectively inactivated endogenous MMPs, which
points to a potentially effective method for improving
dentin adhesive repairs. The results of the study imply
that TMC-QP5/NPs may be a viable tactic for improving
dentin adhesive restorations. Although cationic nanopar-
ticles play a critical role in biofilm removal, serious con-
cerns have been raised regarding their possible detrimen-
tal effects on normal cells [30]. In another study, pH-
triggered charge-switching nanoparticles have been devel-
oped to remove biofilms. Stable at pH 7.4, these nanopar-
ticles can target specific bacteria in affected biofilm areas
without causing harm to healthy cells. Additionally, be-
cause they encapsulate bioactive compounds with high
loading efficiency and release them as needed, they are
efficient delivery systems for these substances. These
nanoparticles’ antibacterial and anti-biofilm properties
were greatly enhanced upon encapsulation. It is further
anticipated that this new approach to functional foods will
be more efficient and safer [31].

3. Chitosan for Dental Application
as Implants

Dental implants, which are generally placed via surgery or
specialized equipment, are long-term substitutes for natu-
ral teeth in oral rehabilitation and maxillary reconstruction.
Modern dental implantology has advanced, making im-
plants more dependable and palatable to patients [32]. Os-
seointegrated dental implants are becoming more popular,
and because of their stability, excellent resistance to corro-
sion, and biocompatibility, metallic materials are now the
most commonly used. Even after therapy, insufficient os-
seointegration between the implant surface and the trans-
planted site remains a significant concern. It is difficult to
create the perfect dental implant that inhibits the growth
of bacterial biofilms while promoting osseointegration. In
implantation, controlling the structural qualities of a sur-
face is crucial, and many changes have been made for bet-
ter bone healing, appropriate blood clot maintenance, and
mechanical fixing [33]. Additionally, biochemical sub-
stances such as proteins, medications, and biomolecules
are being utilized to enhance local distribution on a metal-
lic implant’s surface.

The interaction between the tissue and implant ma-
terial is typically impacted by the absence of appropriate
cell-binding sites and antibacterial characteristics in med-
ical implants. Peri-implant disorders (PIDs), including
peri-implantitis (PI) and peri-implant mucositis (PIM),
are the primary issue with implants in dentistry. PIM
is a reversible inflammatory disease that targets the soft
tissues surrounding implants, resulting in severe clinical
and socio-economic consequences as well as implant fail-
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ure. This can worsen patients’ quality of life considerably
and accelerate the deterioration of their dental health [34].
Biomaterials must also control biofilm-related germs, as
implant infections can be hazardous and lead to treatment
failure. They should perform their intended function in
medical therapy, not negatively impact the recipient or-
ganism, and elicit the best possible positive reaction [35].
Orthodontic mini-implants are well-liked because of their
durability, affordability, and low level of discomfort. On
the other hand, they may result in infections such as peri-
implantitis and peri-mucositis. According to a study, chi-
tosan gel can minimize irritation by lowering bacterial
contamination on mini-implants. The use of chitosan
gel reduced the number of bacteria by 26.59%, with the
chlorhexidine gel group showing the largest reduction. In
the case of Treponema denticola and Tannerella forsythia,
the difference was noteworthy. Red-complex bacteria and
total oral bacteria were both decreased by the chitosan-
containing gel [36]. Alhazmi et al. assessed the struc-
tural and morphological uses of coated micro-implants,
hydroxyapatite, and chitosan nanoparticles in 2022 as
a means of preventing oral pathogenic germs. The Sal-
vadora persica plant was used to synthesize the nanoparti-
cles, which were then tested for antibacterial effectiveness
against four common oral bacterial strains. The antibacte-
rial activity of the nanoparticles coated on titanium micro-
implants was assessed using the disc diffusion method.
The results indicated a minimum bacterial concentration
and minimum inhibitory concentrations at 8 g mL~! and
16 ug mL~! for Streptococcus salivarius, Enterococcus
faecalis, Streptococcus mutans, and Streptococcus sangui-
nis, respectively [37]. To find out how coating chitosan on
orthodontic mini-implants may prevent Porphyromonas
gingivalis, an investigation was carried out. Twenty-five
mini-implants were used, with five coated in chitosan, five
in chitosan-azithromycin, five in azithromycin, and five
left uncoated. Following a 24-h incubation period, the
azithromycin-treated group showed the greatest suppres-
sion of Porphyromonas gingivalis biofilm mass, followed
by chitosan along with azithromycin and chitosan alone.
Bacterial viability count and biofilm mass were shown to
be strongly positively correlated in the study, indicating
that Porphyromonas gingivalis biofilm development was
successfully reduced by chitosan coating [38].

Dental implants’ surface treatment is essential to
managing their structural properties. Many processes, in-
cluding plasma spraying, blast media, acid etching, and
oxidation, can sustain blood clots, promote bone healing,
and enhance mechanical anchoring. These changes have
the potential to accelerate osseointegration and inhibit
the growth of biofilm [39—45]. Osteointegration can be
enhanced by chemically altering implant surfaces, and

chitosan is a highly effective agent for stimulating os-
teoblasts and forming new bone [46]. Its benign nature has
strengthened its usage in implants, where it is frequently
employed for tissue regeneration, encouraging mineraliza-
tion and osteogenesis. Due to its osteoconductive nature,
high molecular weight biopolymer qualities, bioactivity,
and ease of processing, chitosan has garnered interest in
the field of dental implant therapy [47]. Chitosan coat-
ings can modify the surface’s mechanical, morphological,
and biological properties to produce a bioactive surface.
These coatings have an impact on bone health and increase
clinical longevity in people with poor health. On dental
implants, chitosan coating improves biocompatibility and
antibacterial activity by promoting the production of apap-
tite, and cell proliferation, reducing the hydrophilicity and
surface roughness, and perhaps incorporating antibiotics
for better healing [48]. However, because chitosan lacks
surface reactivity, it does not stick to the implant surface.
Understanding the mechanisms influencing bioactivity,
surface characteristics, and bonding strength to titanium
implants is necessary for optimizing bioactive chitosan
coatings [49].

In 2021, Del Olmo et al. created a titanium implant
surface covered with a catechol anchor group that was either
conjugated or nonconjugated with chitosan. On coated sur-
faces, the antibacterial properties of the substance were as-
sessed against Staphylococcus aureus and Escherichia coli.
After 300 min of contact between the bacterial suspensions
and the surfaces, the vitality of the suspensions was mea-
sured using epifluorescence. According to a study, catechol-
conjugated chitosan was observed to be less bactericidal
than unconjugated chitosan. After 300 min, unconjugated
surfaces had a higher density of injured bacteria than sur-
faces coated with catechol-conjugated chitosan, with 70%
of S. aureus and 84% of Escherichia coli. Two significant
issues associated with the use of zirconia-based materials in
dental implants are poor osteogenesis and peri-implantitis
resulting from bacterial colonization. [50]. To enhance
osteogenic differentiation and antimicrobial properties, a
functional surface modification technique has been devised.
The PEI/HA/CGA-CS (poly (ethylene imine)/hyaluronic
acid/chitosan-chlorogenic acid) coating increases the zir-
conia surface’s wettability and keeps the CGA release
stable. It stimulates early calcification, growth, division,
and adherence of cells. Without affecting osteoblast bio-
logical activity, the coating efficiently suppresses Aggre-
gatibacter actinomycetemcomitans and Porphyromonas
gingivalis bacterial growth and activity. Furthermore, it
stimulates the Wnt/f3-catenin signaling pathway and in-
creases the expression of Nephronectin protein, which
both improve osteogenesis in MC3T3-E1 cells [51]. The
impact of two degrees of deacetylation (DDA) on chitosan
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material as coatings for laser surface microtopographic
implants was investigated by Alnufaiy et al. in 2020. In
this investigation, three groups of Laser-Lok implant discs
were divided, and two of the groups received coatings of
either 80 or 95 DDA chitosan. The cell morphology, vi-
tality, and osteogenic potential of the chitosan material
were assessed using hMSC-TERT 20 cells. The LL 95
group expressed more osteogenic markers and displayed
enhanced cell spreading and attachment, according to the
results. According to the study, a high DDA of chitosan
encourages osteoblast production and biomineralization,
which may improve osseointegration and subsequent den-
tal implant healing processes [52].

Titanium (Ti) is widely utilized because of its bio-
compatibility, even though implant dentistry has great
success rates with this material. It is not, however, im-
mune to bacterial infections, which can result in malfunc-
tions such as inadequate oral hygiene, infection, immobil-
ity, mechanical problems, poor osseointegration, and bio-
inertness. Efforts have been undertaken to cover the im-
plant surface to improve osseointegration and overcome
these constraints [53]. In 2007, Bumgardner et al. ex-
amined titanium implants coated with chitosan using 16
rabbits, and chitosan-coated pins were inserted in their
tibia, and their rehabilitation and growth of bones were
assessed histologically. The findings revealed a limited
inflammatory response and the usual healing pattern of
lamellar bone production after fibrous, woven bone cre-
ation. Unfortunately, because of inadequate cortical bone
thickness, 31% of the implants migrated into the tibial
marrow cavity after implantation. The study reveals the
theory that chitosan coatings can cause orthopedic, den-
tal, and craniofacial implants to osseointegrate—a tight
bone apposition [54]. According to another study, Ti sur-
faces were coated with a micro-nanostructured hydrox-
yapatite layer that was loaded with chitosan. The com-
posite coating strengthened the biological and antibacte-
rial qualities, hastening the creation of the apatite layer
and improving cell attachment, propagation, and mul-
tiplication. Reduced biological qualities and improved
antibacterial qualities were the results of increased chi-
tosan coverage [55]. By using micro-computed tomog-
raphy (micro-CT), Lopez-Valverde et al. conducted a pi-
lot investigation in 2022 to assess the osseointegration
and bone development surrounding chitosan-coated im-
plants in dogs. Five dogs were used in the study, and
four implants total—two groups—were placed into their
jaws: the ChtG (chitosan-coated implant group) and the
control group. Euthanasia was carried out twelve weeks
post-surgery, and sectioned bone blocks were taken and
subjected to micro-CT scanning. Two bone characteris-
tics were examined: peri-implant bone area and bone-to-

implant contact In this study, the main bone characteris-
tics of the peri-implant bone area and the bone in contact
with the implant surface were examined. Regarding the
control group, statistically significant results were found
for the ChtG group. The outcomes showed the value of
chitosan coatings; however, more comprehensive experi-
mental models and higher sample sizes are required to val-
idate the findings. The effectiveness of chitosan coatings
on titanium surfaces in promoting dental implant osseoin-
tegration was also validated by the investigation [56].

A novel technique has been put up for creating chi-
tosan conversion coating on magnesium substrates for ortho-
pedic implants. The coating is the outcome of a chemical re-
action that promotes the surface integration of magnesium to
form a corrosion-resistant layer. Coordinate-covalent bond-
ing is used to adhere the chitosan deposit to the substrate.
A CHI/BG composite film was formed when charged chi-
tosan molecules and BG particles moved toward the mag-
nesium substrate due to the high activity of magnesium.
Whereas, the CHI-coated sample displayed both magnesium
and magnesium hydroxide, the in vitro bioactivity of the
CHI/BG-coated magnesium sample mostly demonstrated
magnesium hydrogen phosphate (III) hexahydrate [57].
Ag-chitosan shows great potential as a coating material
for dental implants, as it enhances the passivation and cor-
rosion resistance of titanium implants. Using a sol-gel
dip coating method, Etrat Anees et al. produced chitosan-
hydroxyapatite (Ch-HA) composite coatings on 316L stain-
less steel in 2024. Electrochemical tests, FTIR, SEM, and
X-ray diffraction were used to characterize the coatings.
The surface morphology revealed holes and cracks-free
dense microstructures. According to electrochemical in-
vestigations, 1.5gCh-HA was the ideal coating concentra-
tion for improving the corrosion resistance of 316L SS
when compared to 316L SS which was left bare. Addi-
tionally, the coatings demonstrated suitable adherence to
the dental implant-grade 316L SS substrate [58]. In an-
other study, Ag-chitosan nanoparticles were evaluated as
a potential coating material for titanium dental implants.
The bioactive chitosan that was isolated from Aspergillus
flavus Af09 slowed down the development of biofilms,
prevented QS synthesis, and stopped the growth of S. mu-
tans and P. gingivalis. The absence of cell cytotoxicity
in the nanoparticles indicates their biocompatibility [59].
In 2022, Pakawat et al. produced gold nanoparticles cov-
ered with chitosan-grafted thymol (CST) as an antibacte-
rial material. CST was used as a capping agent for the
synthesis of AuNPs (gold nanoparticles) and was modi-
fied for the Mannich process. For AuNP production, a
concentration of 0.020%w/v was suitable. Strong sur-
face plasmon resonance was observed in the AuNP so-
lution at 502 nm, suggesting electrostatic repulsion and
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the capping agent function of CST. Cariogenic bacteria
in the oral cavity have been successfully controlled by
using CST coated on AuNP surface. The antibacterial ac-
tivity of the nanoparticles against Streptococcus mutans
ATCC 25175 and Streptococcus sobrinus ATCC 33402
was greatly affected by the capping agent’s tuning dur-
ing the manufacturing process. Additionally, the study re-
vealed that applying chitosan coatings to titanium surfaces
can enhance dental implant osseointegration. Following
euthanasia, computed microtomography was used to eval-
uate the extracted bone blocks, indicating that chitosan
coatings on titanium surfaces are suitable for antibacterial
applications [60].

A graphene-chitosan hybrid dental implant (GC hy-
brid implant) was created in 2020 by Sunho Park et al. and
showed improved wettability and roughness. The ideal state
(1% GC hybrid implant) decreased bacterial activity and
biofilm formation while increasing osteoblast development.
The results of this study highlight the potential of the GC
hybrid implant as a new type of dental implant. In compar-
ison to 3% and 5% GC hybrid implants, the antibacterial
qualities and anti-biofilm formation effects of 1% GC hy-
brid implants were enhanced. The antibacterial properties
of graphene are concentration- and time-dependent. Accord-
ing to Alayande et al, high quantities of roughened graphene
may provide a deep valley structure that improves bacterial
adhesion efficiency. Bacterial attachment to surfaces may
be sustained due to the enhanced hydrophobic force and
71Tt interactions between graphene and bacterial cell mem-
branes, perhaps overcoming electrostatic repulsion [61]. To
inhibit periopathogenic microorganisms on titanium dental
implants, a recent study focused on the use of sonodynamic
antimicrobial chemotherapy (SACT) and antimicrobial pho-
todynamic treatment (aPDT). As a photo-sonosensitizer, chi-
tosan nanoparticles-indocyanine green (CNPs-ICG) were
employed. The investigation observed a statistically signifi-
cant decrease in log CFU/mL of periopathogens among the
treatment-treated groups. Comparing PSACT/CNPs-ICG
to other groups, the latter had a noticeably greater capac-
ity to remove the biofilm. Microscopic pictures showed
that dead and malformed cells made up the majority of
the biofilms treated with PSACT. The findings demon-
strate PSACT/CNPs-ICG’s capability for cleaning den-
tal implant surfaces from the polymicrobial synergism of
biofilm-forming periopathogens [62].

4. Chitosan for Dental Application
as a Scaffold

Dental tissue engineering uses scaffold-based techniques
to create an environment for cell attachment and prolif-
eration, whereas scaffold-free techniques, including cell

treatments and micro-tissue, are used to regenerate tissue.
Particularly in dental/bone replacement applications, scaf-
folds are useful in treating dental infections because they
remove diseased tissue and allow filling material to get
inserted [63]. These scaffolds should be non-toxic and
secure, allow cell attachment without interfering with nor-
mal function as well as proliferation, and show an ade-
quate biodegradation period throughout the regeneration
of new tissue. Mechanically stable scaffolds facilitate ma-
nipulation, adjustment, and incorporation into tissue de-
fects [64]. Chitosan based systems have been used for
various dental disorders as shown in Figure 2.

Research on chitosan scaffolds for tissue and bone
engineering gets well explored. By adding polymers, bio-
materials, or bioactive compounds, one might enhance
the scaffolds’ characteristics. When it comes to chitosan
scaffold synthesis, fungal sources are chosen over marine
sources because of their superior physico-chemical char-
acteristics [65]. With its diverse features, chitosan as a
scaffold biomaterial offers many advantages. It is appeal-
ing for use in tissue engineering applications due to its
adaptability in surface chemistry and biological character-
istics. Chemical cross-linking, composite synthesis with
reinforcing agents, synthetic or natural polymers, and ad-
justing ionic strength and solubility are some methods
for enhancing chitosan scaffolds. These uses, however,
shouldn’t have any harmful impact on cells or change the
biological characteristics of the scaffold [66]. Chitosan-
based scaffolds have been mentioned in several publica-
tions as potentially useful in dental care.

Generally, the binding and growth of osteoblast cells
are often facilitated by the interaction of fibrin glue and
platelet-rich plasma with chitosan. The effects of activated
and fibrin glue on the osteogenic differentiation and prolif-
eration of human dental pulp stem cells (h-DPSCs) were
investigated by Sadeghinia et al. in 2019. Porous compos-
ite scaffolds based on chitosan-gelatin/nanohydroxyapatite
treated with fibrin glue and platelet-rich plasma were stud-
ied for their in vitro behavior. To seed h-DPSCs, four groups
of composite scaffolds were created, and the scaffolds’ sur-
face had an ordered fibrin network, as seen in the 14-day
scanning electron microscopy image. When compared to
chitosan-gelatin/nanohydroxyapatite, all groups treated with
fibrin glue and platelet-rich plasma demonstrated better
h-DPSC seeding adhesion. The fibrin network on the
composite scaffolds treated with fibrin glue and platelet-
rich plasma increased the mineralization and osteoblas-
tic differentiation of the collected cells [67]. In 2024,
Anaya-Sampayo et al. created scaffolds from hydrox-
yapatite, chitosan, gelatin, and lyophilized platelet-rich
fibrin with or without alginate. They assessed the char-
acteristics, release of growth factors, and viability of os-
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Figure 2: Chitosan for various dental disorders.

teoblasts and DPSC. The scaffolds underwent morpho-
logical characterization, swelling profiles, and degrada-
tion analysis after being produced by freeze-drying and
crosslinking with glutaraldehyde. The outcomes demon-
strated that scaffolds supplemented with platelet-rich fib-
rin improved the viability of DPSC and osteoblast-DPSC.
All scaffolds exhibited similar profiles of swelling and
degradation, with pore diameters varying between 100
and 250 um. The chitosan-based scaffold exhibited ideal
physical-biological properties to promote the survivability
of DPSC and osteoblast-DPSC cells, indicating enhanced
scaffold biocompatibility for the regeneration of bone tis-
sue [68].

In 2019, a chitosan and dicarboxylic acid (CS/DA)
scaffold was tested in mice by Sukpaita et al. to pro-

mote bone regeneration in calvarial deformities. Eigh-
teen mice were used in the investigation, and they were
split into three groups: those with empty defects, those
with defects and CS/DA scaffold, and those with defects
and hPDLCs. After 6 and 12 weeks, in vivo bone regen-
eration was seen, and micro-CT and histological analy-
sis demonstrated that CS/DA scaffolds greatly enhanced
in vitro osteoblast-related gene expression by hPDLCs.
According to the research, CS/DA scaffolds have high os-
teoinductive and osteoconductive qualities and can be em-
ployed as a bone-regenerating material [69]. Covarrubias
et al. (2018) used a chitosan-gelatin polymer blend and
thick bioactive glass nanoparticles or mesoporous bioac-
tive glass nanospheres to build bone healing nanocom-
posite scaffolds. In the in-vitro study, the crystalliza-
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tion of bone-like apatite could be accelerated by the scaf-
folds, which also demonstrated good cytocompatibility.
Higher alkaline phosphatase activity showed that bioac-
tive glass nanoparticles were more effective in encourag-
ing osteogenic differentiation of dental pulp stem cells.
Bioactive glass nanoparticles (5%)/chitosan-gelatin bio-
nanocomposite generated the newest bone (~80%) after
8 weeks of implantation, according to in vivo investiga-
tions; this makes them appealing for bone restoration ap-
plications [70].

The goal of regenerative dentistry is to provide bet-
ter biomaterials that support the pulp-dentin complex’s re-
generation, which is powered by resident cells. A chitosan
scaffold (CHSC) that produced bioactive quantities of sim-
vastatin for cell-free tissue engineering was evaluated in
2018 by Soares et al. They performed a dose-response
experiment to determine the bioactive dose of simvastatin
that could induce an odontoblastic phenotype in dental
pulp cells (DPCs). To replicate the cell-free approach
in vitro, the biomaterials were integrated into a three-
dimensional culture platform, akin to an artificial pulp
chamber. The findings demonstrated that simvastatin, at
0.1 umol/L, significantly induced an odontoblastic pheno-
type on the DPC/CHSC construct while having no detri-
mental effects on adhesion or cell viability. DPCs’ capac-
ity for chemotaxis and regeneration was enhanced by the
CHSC-simvastatin 1.0 scaffold [71]. In 2017, Varoni et al.
developed a trilayer porous scaffold based on chitosan for
periodontal regeneration Using genipin, they produced
two compartments for the regeneration of bone and gin-
giva and a third compartment for the regeneration of the
periodontal ligament (PDL). Compared to the low molec-
ular weight chitosan compartment, the medium molecular
weight chitosan compartment deteriorated more gradually
and had greater resilience to compression. In cytocompat-
ibility assays, more than 90% of human primary periodon-
tal cell populations survived. In vivo experiments demon-
strated scaffold vascularization, tissue ingrowth, and good
biocompatibility in wild-type mice. The study discovered
a thick mineralized matrix within the medium molecular
weight chitosan area and also revealed scaffold compart-
ments including human gingival fibroblasts, osteoblasts,
and PDL fibroblasts. According to these findings, the re-
sorbable trilayer scaffold is a viable option for periodon-
tal regeneration [72]. A recent study focused on creating
biodegradable nanofibrous scaffolds for periodontal bone
repair. The researchers created pure polylactic acid and
chitosan/polylactic acid blends using emulsion electro-
spinning and then examined the mechanical and biological
characteristics of each. The outcomes demonstrated that
the addition of chitosan nanoparticles improved the me-
chanical characteristics of pure polylactic acid nanofibers,

encouraging bone marrow stem cells’ cell adhesion and os-
teogenic development. On the other hand, it also caused a
rise in TLR4 (Toll-like receptor 4) and inflammatory medi-
ator expression in human periodontal ligament cells. The
findings imply that the TLR4 pathway may be involved in
the regulation of the increased production of inflammatory
mediators [73]. To produce individualized bone regener-
ation structures, In 2019, Bakopoulou et al. combined
biomimetic chitosan/gelatin (CS/Gel) scaffolds with oral
cells such as DPSCs. Using glutaraldehyde (GTA), two
scaffold types, CS/Gel-0.1 and CS/Gel-1, were created
and seeded with DPSCs. Both in vitro and in vivo evalu-
ations were carried out. The outcomes demonstrated that
both scaffolds-maintained cell viability and generated a
nanocrystalline calcium phosphate phase rich in hydrox-
yapatite. According to this study, scaffolds containing
CS/Gel-0.1 (0.1% (v/v)) are more successful in upregulat-
ing osteo/odontogenic genes [74].

In 2022, Guilherme Neves et al. used mesenchy-
mal stem cells (MSC) and calcium phosphates (CaP) to
construct and analyze polymeric porosity scaffolds for re-
generative dentistry. It was discovered that 5% of CaP
types, namely HA and Brushite, were linked to Chitosan-
Xanthan Scaffolds. Following implantation, the Chitosan-
Xanthan scaffolds displayed increased inflammatory cell
counts after 7 and 30 days, as well as greater cell viabil-
ity after 48 h. According to a recent study, 2% chlorhexi-
dine gluconate can be delivered using hematite-doped bio-
glass/chitosan scaffolds as an alternate implant approach
for treating infected root canals. When tested against En-
terococcus faecalis, the scaffolds demonstrated both os-
teoinduction and antibacterial action. After 14 days, the
addition of Fe,O; entirely eradicated bacterial growth and
improved medication release. The scaffolds’ impressive
osteoinduction suggests that endodontic therapy may ben-
efit from using them [75]. In 2020, Aksel et al. inves-
tigated the antimicrobial efficacy of hydrogel scaffolds
loaded with antibiotics against Enterococcus faecalis as
well as their capacity to promote the proliferation and
mineralization of dental pulp stem cells. They discov-
ered that whilst antibiotic-loaded chitosan-fibrin gels dis-
played no CFUs (colony-forming units), antibiotic-loaded
fibrin, and chitosan-fibrin gels decreased CFUs and cell
viability. The chitosan-fibrin gel loaded with two antibi-
otics demonstrated improved antibacterial qualities with-
out sacrificing increased cell viability, cell spreading, or
mineralization activity. The results of the study showed
that chitosan-fibrin gels loaded with two antibiotics were
superior at encouraging the proliferation and mineraliza-
tion of dental pulp stem cells [76]. In 2019, Bordini et al.
developed a porous scaffold consisting of chitosan, cal-
cium aluminate, and sodium alginate (CH-AlCa) together
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with 1,25-dihydroxy vitamin D3 (also known as 1,25VD)
to boost the odontogenic capacity of HDPCs. The porous
scaffold exhibited improved odontoblastic phenotypic ex-
pression on HDPCs, an ordered and connected pore net-
work, and higher porosity. The scaffold supplemented
with 1x,25VD increased the cells’ capacity to exhibit an
odontoblastic phenotype. According to the study’s find-
ings, HDPCs’ chemotaxis and regeneration capability gets
increased by the CH-AlCa scaffold, and the cells’ ability
to express an odontoblastic phenotype is enhanced when
low-dosage 1x,25VD is added to this scaffold. This sug-
gests that low dosages of 1,25VD and calcium-aluminate-
enriched chitosan scaffolds have potential as a cell-free
tissue engineering strategy for pulp capping [77]. An-
other study examined the application of bioactive lactose-
modified chitosan (CTL)-coated alginate bone scaffolds
for the proliferation and differentiation of human dental
pulp stem cells. According to the study, when CTL is used
as a coating for porous scaffolds, it can raise extracellu-
lar matrix deposition and alkaline phosphatase activity.
When differentiation stimuli were introduced, the scaf-
folds also enhanced osteogenic activity and cell adhesion.
According to this study, hDPSCs and CTL scaffolds could
be employed in concert to speed up bone mending [78].

Bio-based three-dimensional (3D) polymer scaffolds
that support cell adhesion and preserve metabolic processes
should be non-toxic, biocompatible, and biodegradable. For
tissue engineering, they ought to resemble an in vivo milieu
where cells or growth factors can be incorporated to restore
damaged tissues or organs [79,80]. The 3D scaffolds are
commonly prepared by using conventional techniques such
as particle leaching, gas foaming, phase separation, freeze
drying, melt molding, fiber meshes, and solution casting
techniques. In 2024, Paczkowska-Walendowska et al. de-
veloped a3D-printed hydrogel scaffold containing an ex-
tract of Scutellariae baicalensis. The hydrogel, which had
an amorphous dispersion and the highest printability, con-
tained 2.5% w/v of chitosan, 2% w/v of gelatin, and 10%
w/w of extract. With an initial burst release and a con-
tinuous release profile, the hydrogel also demonstrated
a considerable increase in baicalin release in vitro. Ad-
ditionally, the study assessed the capacity of 3D-printed
scaffolds to limit the activity of the hyaluronidase enzyme
to determine their anti-inflammatory qualities. The mate-
rial’s biocompatibility was demonstrated by cytotoxicity
testing, and it sped wound healing by 97.1% after 24 h,
suggesting that it may be used to treat periodontal disor-
ders [81].

In pulpectomized root canals, the restoration of func-
tional tooth pulp represents a novel therapeutic approach
in dentistry. To do this, a scaffold that promotes tooth pulp
tissue neoformation and inhibits the proliferation of re-

maining endodontic bacteria is required. An inventive cel-
lularized fibrin hydrogel with antibacterial qualities was
developed by Ducret et al. and combined with chitosan.
The microstructure, antibacterial activity, and viability
and spreading of dental pulp-mesenchymal stem/stromal
cell formulations were investigated. Comparative inves-
tigation revealed that chitosan had a strong antibacterial
impact in the fibrin network, comparable vitality of DP-
MSCs, fibroblast-like shape, proliferation rate, and capac-
ity to produce type I/I1I collagen [82].

Several problems, including drug-induced bleeding
patients, vascular anomalies, platelet defects, coagulation
disorders, and inherited bleeding diseases, make manag-
ing bleeding patients after dental surgery difficult [83].
Haemostatic medications based on chitosan can be used
to halt bleeding and encourage faster bleeding times. To
enhance their performance, continuous research and de-
velopment is being done. Chitosan is antibacterial, bioac-
tive, harmless, biodegradable, and biocompatible, and
also promotes healing. A larger surface area is required
for contact with platelets to maximize the haemostatic ef-
fects. When gentamycin was added to chitosan scaffolds,
chitosan gallium-MBG exhibited enhanced haemostatic
ability, increased antibacterial activity, and enhanced bio-
compatibility [83].

5. Mouthwash

Plaque-induced gingivitis, microbial biofilms on the sur-
faces of teeth, and poor oral hygiene can be overcome by
mouthwashes. A randomized clinical trial compared chi-
tosan mouthwash and chlorhexidine mouthwash regard-
ing their effects on dental plaque accumulation and gin-
givitis. The results indicated that the chitosan mouthwash
significantly reduced plaque accumulation, gingival in-
flammation, and colony-forming units The antibacterial
properties of Fluoridated Chitosan Polymers have been
found effective against Oral biofilms. Chitosan chlorhex-
idine (CH) mouth rinse is effective against microbes and
its clinical effects show action on plaque control which
indicates the effectiveness of chitosan in plaque control.
They observed that both chitosan and Chlorohexidine
were found to be effective in controlling plaque. How-
ever, a combination of both provides even better results.

6. Enamel Regeneration

Changes in lifestyle may occur due to the deterioration
of human dental enamel. The regeneration and reminer-
alization of dental enamel is very tough. The carbonate
hydroxyapatite nanorods (prisms) are the major compo-
nent of Dental enamel. Non-invasive methods are highly
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recommended for dental enamel regeneration. Chitosan
supports the remineralization of enamel and dentin. Chi-
tosan and agarose in the form of biopolymer-based hy-
drogel have been reported for the remineralization of an
acid-etched native enamel surface. Their developed hy-
drogels were characterized and observed similar hierar-
chical HAP structure to the native enamel from nano- to
microscale. Chitosan has shown carbonation and moder-
ated the formation of HAP nanorods in addition to pro-
viding an extracellular matrix to support growing enamel-
like structures. These reports indicate the guiding prop-
erty of chitosan towards the formation of hard tissues as
dental enamel. Amelogenin peptides like LRAP (leucine-
rich amelogenin peptide) are effective in enamel repair.
These naturally occurring amelogenins as smaller peptide
analogs may be a competent, low-cost, and safe strategy
for enamel biomimetics to curb the high prevalence of in-
cipient dental caries.

Chitosan effectively inhibits biofilm development
and bacterial growth while promoting enamel regenera-
tion. The antibacterial activity of chitosan varies based
on its molecular weight and degree of deacetylation. The
chitosan amino group is responsible for anti-bacterial ac-
tion, which permits entry to the bacteria. Chitosan offers
superior antibacterial action synergistically with compos-
ite materials. Chitosan can act as a reservoir for calcium
and phosphorus ion deposition, which aids in the reminer-
alization of enamel caries sites. The remineralization of
chitosan pre-treated enamel white spot lesions (WSLs)
by bioglass in the presence of the pellicle layer has been
reported [28].

7. Nanoparticles

This study reports on the efficacy of antimicrobial pho-
todynamic therapy using aluminum phthalocyanine, a
photosensitizer encapsulated in chitosan nanoparticles,
against Streptococcus mutans biofilm at three different
irradiation times. To evaluate the impact of pellicle layer
formation, they created 50 artificial enamel white spot le-
sions and treated them with various formulation groups.
They observed that the Chitosan pre-treatment can en-
hance white spot lesion remineralization with bioglass
biomaterials when a short-term salivary pellicle is present.

8. Limitations or Challenges of
Using Chitosan in Dentistry

Chitosan has been widely used in different fields. How-
ever, the solubility is the major task of chitosan. In or-
der to create many more advanced dental formulations for
clinical utility in humans there are still many unresolved

issues and challenges to be resolved. Chitosan due to its
unique properties shown potential applications in drug de-
livery. The effectiveness of chitosan towards dental drug
delivery may be enhanced by the utilization of chitosan-
based derivatives such as thiolated or carboxy methyl chi-
tosan. However, a systematic approach related to the se-
lectivity of drug delivery system, in vitro and in vivo tox-
icity and safety issues of chitosan-based biomaterials and
their synthesis methods must be investigated very closely
before formulation development.

9. Conclusion

The notable range of bio properties of chitosan makes a
suitable candidate in dentistry. For the preparation of var-
ious formulations such as hydrogels, nanodispersions, na-
nomicelles, nanocomposites the chitosan has been utilized.
The natural existence, biodegradable and non-toxic nature
of chitosan also supports its usage in drug delivery appli-
cations. Chitosan has to be explored still towards the de-
velopment of novel targeted/stimuli responsive based drug
delivery formulations.
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