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Abstract

Introduction: Diabetic Foot Ulcers (DFUs) represent severe and
challenging secondary pathologies of diabetes, whose normal tissue repair
cascades are hindered by sustained hyperglycemia, local hypoxia, and
chronic infections. Traditional wound care dressings are often ineffective in
managing these complex wounds. This review aims to investigate the role of
novel biomaterials-including polymers, bioceramics, and metals-in
accelerating and improving the healing process of diabetic wounds.
Methods: The literature indicated that biomaterials could orchestrate the
healing process by mimicking the extracellular matrix (ECM). Specifically,
bioceramics stimulated angiogenesis through the controlled release of active
ions, whereas metallic nanoparticles provided potent antibacterial properties
against biofilms; additionally, biopolymers-including smart variants- offer a
moist, biocompatible, and stimulus-responsive environment (such as pH-
and temperature-sensitivity) tailored for the targeted delivery of drugs and
growth factors.

Results: Chronic administration of acetaminophen induced motor
incoordination in 75% of the murine subjects (p<0.01p < 0.01p<0.01),
whereas prior intervention with Stevia entirely counteracted this
neurobehavioral impairment. Acetaminephen challenge was significantly
(p<0.01) increased serum AST and ALT and Sativa extract dose
dependently reduced the acetaminophen effects. Pretreatment with both
dose of stevia cause reduction of chronic acetaminophen induced liver
necrosis symptoms.

Conclusion: Engineered biometrix dressings and scaffolds represent a
highly promising therapeutic strategy to prevent amputation in diabetic
patients by modulating the inflammatory phase, reducing oxidative stress,
and stimulating cell proliferation. Nonetheles, further optimization of
mechanical properties and comprehensive long-term toxicological
assessments are essential for the successful clinical translation of these
technologies.

Keywords: Diabetic foot ulcer, Biomaterial, Polymer, Bioceramic, Tissue
engineering, Wound healing.
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Extended Abstract

Introduction: Diabetic foot ulcers (DFUs) rank
among the most severe and economically
burdensome complications of diabetes mellitus,
affecting approximately 15% of individuals
diagnosed with type 1 or type 2 diabetes and
leading to amputation in more than 15% of those
affected. Persistent hyperglycemia, tissue hypoxia,
peripheral neuropathy (sensory, motor and
autonomic), peripheral arterial disease, chronic
biofilm infection and elevated reactive oxygen
species (ROS) collectively arrest the wound-
healing cascade in the inflammatory phase.
Consequently, matrix metalloproteinases (MMPs)
remain overexpressed, the extracellular matrix
(ECM) is continuously degraded, angiogenesis via
the HIF-1o/VEGF axis is impaired, and
granulation tissue fails to form. Conventional
dressings (gauze, cotton, wool) merely absorb
exudate and provide passive coverage; they lack
bioactive, angiogenic or antimicrobial functions
and therefore cannot reverse the multifactorial
pathophysiology of DFUs. This narrative review
examines the capacity of contemporary
biomaterials — bioceramics, metallic nanostructures
and both natural and synthetic polymers — to
actively modulate inflammation, scavenge ROS,
stimulate angiogenesis and deliver therapeutics,
thereby accelerating diabetic wound closure and
reducing amputation risk.

Methods: A comprehensive narrative review was
conducted to synthesize current advances in
biomaterial-based dressings for diabetic wound
healing. Electronic literature searches were
executed across PubMed, Scopus, Web of Science
and Google Scholar using the English keywords
“diabetic  foot ulcer”, ‘“wound healing”,
“biomaterials”, “bioceramics”, “polymers”, “smart
dressings” and their Persian equivalents. Inclusion
criteria comprised original research and review
articles that described the design, fabrication and in
vitro or in vivo evaluation of biomaterial-based
dressings  specifically for diabetic wounds.
Excluded criteria encompassed non-peer-reviewed
works, publications from suspected predatory
outlets, conference abstracts, and articles with
insufficient outcome reporting. After title and
abstract screening, full texts of eligible papers were

retrieved, and data on material composition,
dressing architecture (nanofiber, hydrogel, film,
foam, sponge), biological mechanisms (ion release,
enzyme-mimetic activity, stimulus-responsiveness)
and functional outcomes (angiogenesis,
antibacterial efficacy, collagen deposition, wound
closure rate) were extracted. Emphasis was placed
on hybrid or composite systems that combine two
or more classes of biomaterial. The extracted
evidence was synthesized according to the three
principal biomaterial categories and the four
classical phases of wound healing, with particular
attention to how each material class addresses the
unique diabetic microenvironment (hyperglycemia,
hypoxia, elevated MMP-9, biofilm). No meta-
analysis was performed; findings are presented
qualitatively, highlighting representative
formulations and their reported mechanistic
advantages.

Results:  Biomaterials restore healing by
recapitulating ECM architecture and providing
bioactive cues. Bioceramics, particularly silicate,
phosphate and borate bioactive glasses, release
therapeutic ions (Si, Ca, P, Cu, Co, Mg, Zn) that
activate HIF-1a, up-regulate VEGF, promote
endothelial tube formation and enhance collagen
deposition. In diabetic rodent models, advanced
composite formulations such as alginate—bioactive
glass paired with desferrioxamine, or 45S5
Bioglass® carrying MMP-9 siRNA,
simultaneously ~ relieve  hypoxia,  suppress
proteolytic activity and accelerate granulation in
diabetic rodent models. Metallic nanostructures
operate across four dimensional classes. At the
zero-dimensional level, angstrom-scale particles
and gold nanoparticles exhibit potent membrane-
disrupting antibacterial activity and catalyze
glucose oxidation, generating localized H202 that
is subsequently converted by MoS2 nanozymes
into oxygen, thereby alleviating both infection and
hypoxia. One- and two-dimensional nanorods and
nanosheets (TiO2, lanthanum hydroxide, 2D
MOFs) additionally provide piezoelectric or
photothermal antibacterial effects and penetrate
biofilms.

Three-dimensional ~ mesoporous  silica  and
bioactive-glass particles also modulate macrophage
polarization and ROS scavenging. Polymers
constitute the most versatile platform. Although
natural biopolymers like chitosan, alginate,
collagen, hyaluronan, and bacterial cellulose
possess natural biocompatibility, biodegradability
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and mildly antimicrobial properties, they degrade
too rapidly in the highly protein-rich exudate of
diabetic wounds. Conversely, synthetic options
such as PCL, PLA, PVA, and PEG provide
adjustable mechanical properties alongside a
slower rate of degradation. Smart variants add
stimulus-responsiveness: pH-sensitive Schiff-base
hydrogels release insulin or antibiotics only in the
alkaline diabetic wound bed; temperature- or ROS-
responsive networks enable on-demand delivery;
conductive polymers (PPy, PANI, PEDOT) restore
endogenous transepithelial potentials and thereby
guide keratinocyte and fibroblast migration; shape-
memory polyurethanes expand to fill irregular
plantar cavities upon body-temperature activation;
and intrinsically self-healing hydrogels (PVA-
borax, acylhydrazone) spontaneously repair
mechanical damage incurred during joint motion.
Dressing architecture further dictates performance.
Electrospun nanofibers (diameter ~1 pm, high
porosity) mimic ECM topography, permit gas
exchange and sequential drug release (e.g.,
metformin/puerarin sandwich membranes).
Hydrogels maintain a moist environment, are
injectable into deep cavities and can be rendered
self-healing or conductive. Films allow visual
monitoring, foams and sponges manage heavy
exudate, and lyophilized wafers combine
absorption  with  controlled antibiotic/anti-
inflammatory release. Notably, the most advanced
and successful formulations are hybrid systems:
bioceramic particles embedded in polymer
nanofibers or hydrogels, metallic nanozymes
dispersed in self-healing networks, or multilayered

electrospun  mats that spatially separate
antibacterial,  angiogenic = and  regenerative
functions. Collectively, these systems shorten the
inflammatory phase, restore angiogenesis, promote
organized collagen deposition and achieve
statistically significant acceleration of wound
closure in diabetic animal models, often exceeding
90% re-epithelialization within 14 days.

Conclusion: Engineered biomaterial dressings and
scaffolds constitute a highly promising multimodal
strategy for diabetic wound management. By
simultaneously addressing infection, oxidative
stress, hypoxia and ECM degradation, they can
interrupt the vicious cycle that leads to amputation.
Hybrid composites that integrate ion-releasing
bioceramics, enzyme-mimetic metals and stimulus-
responsive or self-healing polymers currently offer
the most comprehensive therapeutic profile.
Nevertheless, translation remains limited by
insufficient  long-term  toxicological  data,
challenges in scalable manufacturing of
nanostructured composites and the paucity of
large-scale human trials. Future work must
optimize mechanical durability under cyclic
loading, incorporate wearable biosensors for real-
time pH/glucose/MMP monitoring and exploit 3D
bioprinting for patient-specific morphologies. With
these refinements, biomaterial-based dressings are
poised to become a first-line, limb-salvaging
therapy for DFUs.
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