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Polysaccharide-

based hydrogel

Sources

Advantages

Applications in oral and
maxillofacial

Reference

Chitin/hydroxypropyl chitin

Chitosan

Glycosaminoglycans

Arabic gum

Alginate

Agar

Bacterial Cellulose

Xanthan gum

Invertebrates, crustacean shells,
insect cuticles

A chitin-derived biopolymer

All mammalian cells

A dried exudation obtained
from the stems and branches of

acacia (fam. Leguminosae)

Brown seaweed

Certain marine red algae

Several bacteria, such as
Gluconacetobacter xylinus

Xanthomonas campestris

By increasing the number of
hydroxyl functional groups, the
hydrogel scaffold can enhance its
hydrophilicity. Additionally, it
exhibits excellent biodegradability,
preventing further harm to the
wound when changing the dressing

Chitosan enhances the clumping
together of red blood cells and
platelets and triggers the blood
clotting process. The hydrogel's
surface area is enhanced to enhance
its bio-adhesion, while its
antibacterial properties are achieved
through interaction with negatively
charged bacteria

It reduces the production of
inflammatory substances and
encourages the differentiation of
macrophages, while also enhancing
the accumulation of collagen

The hydrogel possesses exceptional
emulsifying and film-forming
characteristics, along with a notable
capacity for swelling, which facilitates
the delivery of drugs

It combines with the fluid that comes
out of a wound to create a solid
structure that shields the wound and
creates a damp environment for
healing

The hydrogel absorbs exudate from
the wound area and creates a moist
environment to facilitate healing

‘The material demonstrates favorable
air and water permeability as a result
ofits cross-linking network structure,
which facilitates the transportation of
drugs

‘The hydrogel contains a significant
amount of hydroxyl and carboxyl
groups, resulting in a high level of
polarity and hydrophilicity.
Consequently, it exhibits a significant
swelling rate, which is advantageous
for absorbing wound exudate. The
carboxyl and hydroxyl groups on the
tissue surface form interactions with
theamine groups, thereby facilitating
tissue adhesion

The dressing’s high concentration of
hydroxyl functional groups makes it
especially effective in absorbing exudate
at the wound site, which is particularly
advantageous in the blood-rich oral and
maxillofacial environment. Chitin
hydrogels have the potential to
climinate the necessity for frequent
dressing changes and minimize physical
harm in the distinct context of oral
wounds

Chitosan aids in the adherence of the
dressing to moist fissues in the mouth
and face, and decreases the likelhood of
infection in wounds in the mouth. It has
applications in treating periodontal
disease, performing oral and
maxillofacial surgery, and managing
diseases affecting the oral mucosa

‘The functional groups present in
glycosaminoglycans stablish hydrogen
and onic bonds with the functional
groups found in the tissue. This
interaction enhances the adhesion of
the dressing to the tissue surface,
thereby facilitating the attachment of
moist oral and maxillofacial wounds

‘The solubility of Arabic gum enables the
efficient administration of medications
and the accurate treatment of oral and
maxillofacial wounds. The Arabic gum
hydrogel has the ability to quickly soak
up blood in bleeding oral and
maxillofacial wounds, facilitating
accelerated clotting process in blood-
rich wounds

The strong attraction of alginate to
harmful microorganisms aids in the
prevention of wound infection in the
complex environment of the oral and
maxillofacial region

Agar hydrogel has the ability to enhance
blood flow in the oral and maxillofacial
area, efficiently absorbing excessive
fluid from wounds and creating a damp
environment that aids in the healing
process

‘The bacterial cellulose’s microfiber
network efficiently transports drugs to
the wound site, while its excellent air
and water permeability ensures
structural stability in 2 humid
environment. This can be utilized for
tissue adhesion in a dynamic and moist
oral environment, which is favorable for
repairing wounds in the oral and
maxillofacial regions

‘The functional groups of xanthan gum
exhibit a significant rate of swelling,
facilitating the absorption of exudate
from the wound and enhancing the
adhesion of the dressing to the tissue by
interacting with the functional groups
of the tissue

Mehrabani et al. (2018),
Khajavian et al. (2022)

Shen et al. (2006), Gao
etal. (2022), Yang et al.
(2022)

Morla (2019), Zhou
et al. (2023)

Singh et al. (2017),
Soubhagya et al. (2020),
Ahmadian et al. (2023)

Lee and Mooney (2012),
Ahmad Raus et al.
(2021)

Belattmania et al.
(2021), Cheng et al.
(2022)

Gupta et al. (2020),
Lohrasbi et al. (2020),
Singh et al. (2021)

Nsengiyumva and
Alexandridis (2022),
Tang et al. (2022)
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Carrier
hydrogel

Nanoparticles
hydrogel

Exosome hydrogel

Hydrogels loaded
with bio-ceramics

Microsphere
hydrogel

Nanoparticle type

Metal nanoparticles

Stem cell exosome

Silicate bio-ceramics/
bioactive hard stone/bioactive

gass

Gel microspheres/copolymer
microspheres/biopeptide
microspheres

Meanings

Nanoparticles have the ability to
hinder the formation of bacterial
biofilms through different
mechanisms, such as the discharge of
metal ions, oxidative stress, and non-
oxidative mechanisms. They have the
ability to infltrate bacterial
membranes, causing harm to bacterial
proteins and DNA, and producing
antimicrobial outcomes

Downregulating the expression of
inflammatory mediators modulates
the inflammatory reaction, promotes
the formation of new blood vessels,
improves the deposition of collagen,
and controls the ratio to minimize the
formation of scars

The process involves increasing the
production of keratin and epidermal
growth factor, which stimulates the
‘growth and specialization of skin cells.
It also releases calcium, silicon, and
phosphorus ions, which prevent the
growth of bacteria. Additionally, it
promotes the production of vascular
endothelial growth factor, which
encourages the formation of new blood
vessels

Microspheres possess a diverse array of
bio-functionalities. These substances
have the ability to enter the skin and
release their contents in a targeted and
regulated manner. Additionally, they
have the ability to suppress
inflammatory reactions, enhance the
growth and movement of cells,
promote the formation of new blood
vessels, and stimulate the
accumulation of collagen

Applications in oral and
maxillofacial

Metallic nanoparticles possess
antimicrobial properties, which have
been proven to eliminate bacteria and
promote the healing of wounds in the
intricate oral and maxillofacial
environment. Additionally, it can be
employed for dental implants and the
treatment of periodontal disease

Because of the distinctive positioning of
the oral and maxillofacial area, exosomes.
can be accurately transported to the site
of the wound. They have a vital function
in controlling inflammation, stimulating
cell growth, and exerting a positive effect
on tumor treatment, periodontal
regeneration, and wound healing.
Exosomes play a substantial role in the
repair and regeneration of oral and
‘maxillofacial nerves

Biocompatible glass can be used to
regenerate both hard and soft tissues. It
releases calcium ions that generate an
alkaline environment, promoting wound
healing in areas with acidic or neutral
pH levels. Furthermore, it engages with
adjacent tissues to create imine bonds,
thereby increasing adhesion.
Additionally, silica ions play a role in the
process of neovascularization

The distinctive architecture of the
‘microspheres enables precise
administration of medication to address
conditions such as periodontal disease,
oral implant restoration, and oral
infections

Reference

Wang et al. (2017a), Barczikai
etal. (2021)

Pengetal. (2020), Anetal. (2021),
Yang et al. (2021), Ma et al.
(2022), Zhou et al. (2022), Song,
etal. (2023)

Zeng et al. (2016), Gao et al.
(2019)

Moioli et al. (2007), Hakim et al.
(2021), Ren et al. (2021), Ming
etal. (2024)
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Wound

dressing

Advantages

Applications in oral and maxillofacial

Reference

Inorganic nanofiber

Organic nanofiber

Silk fiber
‘membranes

Collagen base

Covalent organic
framework film

Foam/Sponge
dressing

Inorganic nanofibers improve the mechanical
robustness of drug delivery scaffolds

Organic nanofibers possess the properties of being
both biocompatible and biodegradable, which enhance
the ability of tissue cells to adhere and facilitate the
process of tissue repair

‘The application of silk fiber film can improve the
attachment of fibroblasts, accelerate their growth,
induce tissue regeneration, and expedite the healing
process of wounds

Collagen membranes can function as scaffolds for the
delivery of drugs and the growth of cells, while also
acting as barriers to shield wounds from infection

Covalent organic frameworks films are polymer
materials with porosity that exhibit resistance to
infection, promote the growth of cells, and facilitate the
regeneration of tissues

Foam and sponges have a high capacity to absorb
liquid because of their distinct porous structure, which
allows them to efficiently soak up moderate quantities
of fluid from wounds

It has the potential to be utilized in oral regenerative
‘medicine asa framework to transport medications to the
site of the wound and promote the growth of cell. It is
also used in oral implants for the purpose of guided bone
regeneration and in the prevention of wound infections
in oral infections

Nanofibers can be synthesized utilizing hyaluronic acid,
chitosan, or cellulose for the purpose of absorbing
exudate at oral and maxillofacial wounds and
stimulating tissue cell proliferation to facilitate repair

The regenerative effect of silk fiber films makes them
suitable for treating periodontitis diseases by promoting
the growth of oral mucosal cells

Collagen membranes in maxillofacial wounds serve to
prevent bacterial infection, while also promoting cell
proliferation and reducing facial scarring through
collagen degradation

‘The oral and maxillofacial region harbors a diverse
range of microorganisms, rendering it vulnerable to
infection after experiencing trauma. Covalent organic
framework films have advantageous properties in
preventing wound infections, safeguarding wounds,
stimulating cell proliferation, and expediting wound
healing

Foams and sponges have exceptional hygroscopic and
‘moisturizing characteristics that effectively absorb
exudate during oral wound bleeding, thereby creating a
conducive environment for wound healing.
Furthermore, they function as frameworks for precise
administration and discharge of drugs, facilitating the
growth of tissue cells, thereby expediting the process of
wound healing, This is especially crucial in the context
of injuries to the mouth and face, as well as the process of
healing surgical wounds

Eivazzadeh-Keihan et al. (2019),
Castro-Rojas et al. (2021)

Alavarse et al. (2017), Tacob et al.
(2020)

Serodio et al. (2019), Qian et al.
(2020), Schifer et al. (2022)

Chattopadhyay and Raines (2014)

Chen et al. (2018), Peng et al.

(2022)

Landsman et al. (2017), Feng et al.
(2019), D'Amico et al. (2023)
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Gene Primer seq e

TRAP Forward CACTCCCACCCTGAGATTTGT
Reverse CATCGTCTGCACGGTTCTG

NFATcl Forward CCGTCACATTCTGGTCCATAC
Reverse TTCATTCTCCAAGTAACCGTGTAG

B3 integrin Forward AGTGCGATGACTTCTCCTGC
Reverse CAGGTGTCAGTGCGTGTAGT

MMP9 Forward ATGTCACTTICCCTTCACCTTC
Reverse TGCCGTCCTTATCGTAGTCA

Cisk Forward AATTATGGCTGTGGAGGCGG
Reverse TGCATTTAGCTGCCTTTGCC

DC-STAMP Forward TTGCCACTCCGCTGAATCTA
Reverse GCTCTGTCGTGACCACCATA

csre Forward TGTACGGCAGGTTCACCATC
Reverse AACCTCACGGTTCACCATCC

c-Fos Forward GAGCCAGTCAAGAGCATCAG
Reverse GCATAGAAGGAACCGGACAG

Atp6v0d2 Forward AGTCTTACCTTGAGGCATTCTACA
Reverse TCTCCCTGTCTTCTTTIGCTTAGT

GAPDH Forward TGGAAAGCTGTGGCGTGATG

Reverse

TACTTGGCAGGTTTCTCCAGG
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