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Abstract

Wound healing is a dynamic, multifaceted biological process essential for restoring tissue integrity
following injury. This comprehensive review examines wound classification by duration, depth,
contamination, and etiology, alongside major types including traumatic, surgical, burn, pressure, venous,
arterial, diabetic, and mixed ulcers. The physiological phases hemostasis, inflammation, proliferation, and
remodeling are detailed at cellular and molecular levels, highlighting dysregulation in chronic wounds due
to persistent inflammation, impaired angiogenesis, biofilm formation, and oxidative stress. Standard
management follows the TIME framework (Tissue debridement, Infection control, Moisture balance, Edge
advancement), with type-specific strategies such as compression for venous ulcers, offloading for diabetic
foot ulcers, and revascularization for arterial wounds. Advanced adjunctives, including negative-pressure
therapy and hyperbaric oxygen, are discussed. Emerging regenerative approaches focus on bioactive
hydrogels, stem cell-derived exosomes, and nanoparticle integrations, - which modulate inflammation,
promote angiogenesis, and enhance extracellular matrix remodeling for improved outcomes in chronic and
diabetic wounds. These innovations, including stimuli-responsive systems and exosome-laden scaffolds,
represent promising cell-free therapies to accelerate repair and minimize scarring.
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Introduction

Wound healing is a complex, orchestrated biological process involving hemostasis, inflammation,
proliferation, and remodeling phases, mediated by cellular interactions, growth factors, cytokines, and
extracellular matrix (ECM) remodeling (Pefia et al., 2024; Wilkinson and Hardman, 2020; Bogadi et al.,
2025). Dysregulation often leads to chronic wounds, particularly in diabetes, characterized by persistent
inflammation, impaired angiogenesis, and excessive oxidative stress (Ukaegbu et al., 2025; Xiong et al.,
2025; Raissi-Dehkordi et al., 2025). Accurate classification and understanding of wound types are
fundamental to effective assessment and management, reducing risks of infection, delayed healing, and
chronicity (Almadani et al., 2021; Sen et al., 2009).
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Classification of Wounds
Wounds are classified using several frameworks to predict healing trajectory and guide therapy:

> By Duration: Acute wounds progress through normal healing phases within expected timelines,
while chronic wounds fail to heal in an orderly manner, often persisting beyond three months due to
sustained inflammation or underlying disease (Bowers et al., 2020; Malone et al., 2017).

> By Depth: Superficial (epidermis), partial-thickness (into dermis), full-thickness (to subcutaneous
fat), and deep (involving muscle, tendon, or bone) (Nagle et al., 2023).

> By Contamination Level: Clean, clean-contaminated, contaminated, and dirty/infected categories
help stratify surgical site infection risk (Herman et al., 2023).

> By Etiology: Traumatic, surgical, pressure, vascular (venous or arterial), neuropathic, thermal, or
inflammatory (Sussman, 2023; Gustilo et al., 1984).

Specialized systems, such as pressure injury staging and diabetic ulcer grading, further refine management
approaches.

Types of Wounds
Major wound categories include:

> Traumatic Wounds: Encompass abrasions, lacerations, punctures (high anaerobic infection risk),
avulsions, and crush injuries with potential for compartment syndrome (Nagle et al., 2023; Singer et
al., 1999).

> Surgical Wounds: Intentional incisions that may heal by primary, secondary, or tertiary intention;
contamination or tension increases dehiscence risk (Herman et al., 2023).

> Burn Wounds: Graded by depth; deep partial- and full-thickness burns often require excision and
grafting due to loss of regenerative elements (Sussman, 2023).

> Pressure Injuries: Result from prolonged pressure and shear over bony.prominences; staged from
non-blanchable erythema to exposure of bone or tendon (Bowers et al., 2020).

> Venous Leg Ulcers: Shallow, irregular ulcers in the gaiter area associated with venous hypertension,
edema, and dermal sclerosis (Chi et al., 2023; O'Meara et al., 2009).

> Arterial Ulcers: Punched-out, painful lesions on distal extremities due to ischemia; rest pain is
common (Chi et al., 2023; Conte et al., 2019).

> Diabetic Foot Ulcers: Primarily neuropathic or neuro-ischemic, located on plantar surfaces with
surrounding callus; high risk of infection and amputation (Everett et al., 2018; Lipsky et al., 2012).

> Mixed-Etiology Ulcers: Combine venous and arterial pathology, necessitating balanced therapeutic
strategies (O'Donnell et al., 2014).

Wound Healing Physiology

Healing proceeds through hemostasis, inflammation, proliferation, and remodeling phases. Chronic wounds
often stall in inflammation due to excessive proteases, biofilm persistence, or senescence (Almadani et al.,
2021; Tecilazich et al., 2021). Systemic factors including diabetes, malnutrition, and smoking impair
angiogenesis and collagen synthesis (Molnar et al., 2006).
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Phases and Cellular Contributions

Hemostasis involves platelet aggregation and fibrin clot formation, releasing PDGF and TGF-f (Pefia et al.,
2024). Inflammation features neutrophil and macrophage recruitment, with ROS aiding pathogen clearance
but excess causing damage (Ukaegbu et al., 2025). Proliferation includes fibroblast-mediated granulation,
keratinocyte re-epithelialization, and VEGF-driven angiogenesis (Abdelhakim and Ogawa, 2025;
Niroomand et al., 2025). Remodeling reorganizes ECM via MMPs/TIMPs, achieving ~80% tensile strength
(Wilkinson and Hardman, 2020; Yuan et al., 2025).

Molecular Mechanisms

TGF-B/SMAD signaling promotes fibrosis and collagen synthesis, while isoforms modulate scarring (Pefa
et al., 2024; Geng et al., 2023). NF-kB and MAPK pathways drive inflammation via cytokines (Xiong et
al., 2025). In chronic wounds, elevated MMPs degrade growth factors, and senescence impairs repair
(Bogadi et al., 2025). Crosstalk between TGF-p and NF-kB balances outcomes (Raissi-Dehkordi et al.,
2025).

Management of Wounds

Management is guided by the TIME principle: Tissue debridement, Infection/inflammation control,
Moisture balance, and Edge advancement (Schultz et al., 2003).

> Debridement: Essential for removing necrotic tissue and biofilm; options include sharp, enzymatic,
autolytic, mechanical, and larval therapy (Dumville et al., 2009).

> Infection Control: Topical antimicrobials for local colonization; systemic antibiotics for deep or
spreading infection (Lipsky et al., 2012).

> Moisture Balance: Modern dressings (hydrocolloids, foams, alginates) maintain optimal hydration to
promote epithelial migration (Dumville et al., 2013).

> Edge Advancement: Addresses non-migrating edges through correction of underlying causes.
Type-Specific Management:

e Acute wounds benefit from cleansing and primary closure (Singer et al., 1999).

e Pressure injuries require offloading and nutritional support (Bowers et al., 2020).

e Venous ulcers are treated primarily with compression therapy (O'Meara et al., 2009).

o Arterial ulcers necessitate revascularization (Conte et al., 2019).

o Diabetic ulcers demand rigorous offloading, glycemic control, and multidisciplinary care (Bus et
al., 2020).

Advanced therapies include negative-pressure wound therapy (Apelqvist et al., 2017), hyperbaric oxygen
(Kranke et al., 2015), bioengineered skin substitutes (Santema et al., 2016), and adjunctive modalities such
as honey dressings in selected cases (Wang et al., 2019). Nutritional optimization and pain management are
integral across all wound types (Molnar et al., 2006; Moore et al., 2013).

Therapeutic Advances

Hydrogels: Stimuli-responsive hydrogels deliver antimicrobials and growth factors, maintaining moisture
and combating biofilms (Munusamy and Shanmugam, 2025; Duong, 2025; Michalicha et al., 2024).

Stem Cells and Exosomes: MSC-derived exosomes modulate inflammation, promote angiogenesis via
miRNAs, and enhance regeneration; combined with hydrogels for sustained release (Abdelhakim and
Ogawa, 2025; Nasiri et al., 2026; Niroomand et al., 2025).
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Nanoparticles: Metal NPs (Ag, ZnO) provide antimicrobial effects; integrated in hydrogels for chronic
wounds (Aldakheel et al., 2023; Gowtham et al., 2024).

Emerging: Conductive polymers for electrical stimulation, plant bioactives for ROS scavenging, and cold
plasma for pathway modulation (Raissi-Dehkordi et al., 2025).

Conclusion

Wound healing remains a significant clinical challenge, particularly in chronic and diabetic cases where
traditional management often falls short due to prolonged inflammation, hypoxia, and infection risks.
Integrating foundational principles of classification, physiology, and evidence-based care with cutting-edge
regenerative modalities such as exosome-functionalized hydrogels, nanoparticle-enhanced dressings, and
stem cell-derived therapies offers transformative potential. These advances enable targeted
immunomodulation, sustained bioactive delivery, and microenvironment optimization, promoting faster re-
epithelialization, angiogenesis, and scarless regeneration. Multidisciplinary approaches combining
biomaterials, biologics, and personalized strategies will drive future progress, reducing morbidity and
healthcare burdens while achieving optimal outcomes in diverse wound etiologies. Continued research into
clinical translation, scalability, and long-term safety is essential to realize scar-free healing as a routine
reality.
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