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[Abstract] Due to the moist environment in the mouth, there are many challenges that arise, such as difficult biofilm
removal, short drug retention time, and low tissue repair efficiency, while treating dental caries, periodontal disease, and
other oral diseases. As a biomimetic biomaterial, polydopamine (PDA) possesses multifunctional properties, including
mussel-inspired adhesion and stimuli-responsive drug release. PDA adhesion properties originate from its surface cat-
echol and amino functional groups, which maintain strong wettability in aqueous environments. With smart responsive-
ness encompassing photothermal, pH, and enzymatic stimuli, PDA enables controlled drug release under specific condi-
tions. Additionally, PDA exhibits antibacterial, anti-inflammatory, and osteoblast-promoting functions, thus demonstrat-
ing significant application potential in the treatment of oral diseases. In hard tissue therapies, specifically for dental car-

ies, PDA promotes enamel remineralization by inducing hydroxyapatite crystal growth and enhances dentin collagen
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mineralization through Ca> chelation while inhibiting cariogenic bacteria. In mandibular defect repair, functionalized
PDA coatings on bone implants facilitate mesenchymal stem cell adhesion and differentiation, activate osteogenic signal-
ing pathways, and synergistically promote vascularization to improve bone-implant integration. For soft tissue treat-
ments, specifically for periodontitis, PDA alleviates alveolar bone resorption via antibacterial and anti-inflammatory ef-
fects coupled with osteoclast inhibition. In denture stomatitis management, PDA’s strong wet adhesion prolongs drug re-
tention, while its photothermal effect and reactive oxygen generation provide both broad-spectrum antibacterial activity

and wound healing promotion. This review summarizes PDA s synthesis mechanisms and biological functions, with an

emphasis on its therapeutic applications in oral diseases, providing innovative strategies for oral healthcare.
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Table 1  Characteristics of PDA synthetic methods and suitable oral application scenarios

Synthetic methods Advantages

Limitations Oral application scenarios

Solution oxidation method Simple preparation, low cost
Electropolymerization method ~ Uniform and controllable thickness

Enzymatic oxidation method Good biocompatibility

Uneven synthesis thickness
High cost, complex operation

Poor stability, slow reaction rate

Removable restorations, temporary crowns
Bone implants, metal brackets

Drug carriers, tissue engineering scaffolds

PDA: polydopamine
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Figure 2 Biological functions of polydopamine
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Table 2 Applications of PDA in oral diseases treatment

Composite materials Biological properties Application scenarios

Oral hard tissue diseases

PDA-coated amorphous calcium phosphate!™! Promoting enamel remineralization, anti- Dental enamel caries

bacterial effect

62]

PDA-functionalized collagen surface' Promoting collagen mineralization Dentin caries

[65]

Porous polyetheretherketone modified with PDA and gentamicin sulfate Promoting osteogenesis, antibacterial ef- Osteomyelitis

fect, immunoregulation
Spatiotemporal drug release scaffold with PDA-functionalized mesoporous silica  Promoting osteogenesis, antibacterial effect Osteomyelitis
nanoparticles (core/shell) loaded with silver nanoparticles and dexamethasone!®®!

Porous titanium modified with PDA (loaded with antimicrobial peptides and zinc ~ Antibacterial effect, promoting osteogenesis Jaw bone defect

jons) !

Bimetallic/PDA network-collagen-HAp membrane!®!

Oral soft tissue diseases

Mussel-inspired Janus gelatin-PDA-nanoclay wet-adhesive high-toughness hy-

drogel””

PDA-modified double-network wet-adhesive hydrogel®”

PDA-modified injectable polylactic acid/polycaprolactone staple fibers loaded

with curcumin'®®!

PDA surface-modified hyperbranched polymer nanoparticles!®”!

Oral hard and soft tissue combined lesions

Injectable thermosensitive photocrosslinkable hydrogel with spermidine-
modified mesoporous PDA*!

Quercetin-modified mesoporous PDA nanoparticles'®?!

Polydopamine-coated zirconia implants!®”

Simvastatin-loaded ZIF§“PDA NPs thermosensitive injectable hydrogel®®!

Antibacterial effect, promoting osteogenesis Jaw bone defect

Adhesive property Oral ulcer

Adhesive property, antibacterial and anti-  Oral candidiasis
inflammatory effects
Oral cancer

Photothermal effect, acid responsiveness

Photothermal effect, acid responsiveness Oral cancer

Antibacterial and anti-inflammatory effects Periodontal disease
Anti-inflammatory effect Periodontal disease
Antibacterial effect, adhesive property Peri-implantitis

Antibacterial and anti-inflammatory effects Peri-implantitis

PDA: polydopamine; HAp: hydroxyapatite; ZIF8: zeolitic imidazolate framework-8; NPs: nanoparticles

P A 2 — R 9 Z DI RE LAY, 3 i 0] 18
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