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Therapeutic Applications of Synthetic Polymer Biomaterials in Oral Wound Healing
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Oral wound healing poses unique challenges due to the anatomical complexity, continuous mechanical irritation, and moist
environment rich in microorganisms, Conventional treatments such as sutures and gauze are often inadequate in meeting the
specific functional demands of the oral cavity, necessitating more advanced therapeutic approaches, Synthetic polymers have
emerged as promising materials for oral wound dressings owing to their tunable physicochemical properties, which allow for
functions such as wet adhesion, controlled drug release, antimicrobial activity, and tissue regeneration, This review comprehensively
summarizes the characteristics of the oral wound environment and outlines key design criteria for effective polymeric dressings.
It focuses on the structural features, biological functions, and clinical relevance of major synthetic polymers widely utilized
in clinical or preclinical settings. Strategies to enhance drug delivery, antimicrobial efficacy, and tissue regeneration are also
discussed. Furthermore, commercial products and relevant preclinical/clinical studies are presented to highlight the translational
potential of polymer-based systems. By systematically integrating material science with clinical needs, this review aims to guide

the development of next-generation multifunctional synthetic polymer dressings for oral wound care,
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Figure 1. Schematic illustration summarizing the major challenges of oral wound healing and the corresponding functional roles of
synthetic polymer-based dressings. The diagram highlights biological and mechanical barriers specific to the oral environment and
outlines strategies by which advanced polymeric dressings can overcome these obstacles.
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Figure 2, Key considerations in the design of synthetic polymer-based dressings optimized for intraoral application, The illustration

outlines the essential material characteristics - such as wet adhesion, antimicrobial activity, mechanical stability, biodegradability, and

clinical usability - required to function effectively within the unique oral environment.
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Table 1, Summary of representative synthetic polymers used in oral wound care, including their key physicochemical

properties, typical dressing formats, functional advantages, and specific benefits for intraoral application,

Polymer Key Properties Typical Formats Functional Advantages Intraoral Benefits
ft adh t
Water-soluble, Hydrogel, film, Moaisture retention, Soft adherence 1o
PVA (40-43) . . . i mucosa, reduces
biocompatible nanofiber drug loading o
mechanical irritation
pH/temperature
Highly biocompatible, Hydrogel, injectable responsiveness, Suitable for irregular
PEG (44-46) i
easy to blend gel, smart system controlled drug wounds, low toxicity
release

PLGA (47-49)

PCL (50-52)

PU (53-55)

PTFE (56, 57)

Smart polymers (PAA,

PNIPAM, PEDOT)
(58-60)

Biodegradable, widely
used in biomedical
applications

Slow degradation,
shape retention

High mechanical
strength and elasticity

Chemical inert,
non-degradable,
highly biocompatible

Stimuli-responsive
(pH, temperature,
etc)

Nanoparticles,
microspheres,
hydrogel

Nanofiber, tissue
scaffold

Film, foam,
electrospun nanofiber

Membrane (e-PTFE
and d-PTFE)

Composite systems,
surface coatings

Sustained release,
tunable degradation

Tissue regeneration
support, cell-friendly
scaffold

Mechanical durability,
breathable barrier

Excellent bacterial
resistance,
mechanical stability

Triggered release,
environmental
adaptability

Supports long-term
healing, effective for
deep wounds

Suitable for long-term
repair (e.g., palatal
defects)

Tolerates oral
movement, stable in
moist conditions

Widely used in
GTR/GBR, effective in
infection control and
space maintenance

Precision drug
delivery under oral
conditions

% Polymers such as PLGA, PEG, and PVA have been utilized in various FDA-approved biomedical products; however, approval status may vary depending

on the formulation and intended use,

% Expanded PTFE offers flexibility and soft tissue compatibility, while dense PTFE is often used in open healing protocols due to its non-porous structure
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Figure 3. (A) Proposed antibacterial mechanisms of silver nanoparticles incorporated into polymeric materials, Reprinted with permission
from (20), Copyright 2024 Elsevier. (B) Antibacterial effects of a silver nanoparticle-loaded disk against S. epidermidis, P. aeruginasa,
E. coli, and 8. aureus, with quantitative analysis of inhibition zones. Reprinted with permission from (68). Copyright 2020 American
Chemical Society. (C) Cumulative release profile of FGF-18 from PLGA hydrogel, and (D) histological images demonstrating tissue
regeneration in a murine calvarial defect model treated with FGF-18-loaded PLGA hydrogel. Reprinted with permission from (67).

Copyright 2017 American Chemical Society.
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