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Abstract—Wound healing and tissue regeneration are biological processes that are highly regulated 

and intricate in nature and are necessary to restore tissue integrity after injury, surgery, or chronic 

disease. Although there have been considerable improvements in clinical care, impaired wound 

healing is still a leading health burden in the world, especially in the elderly and those with 

comorbidities of metabolic, vascular and psychosocial conditions. In the last twenty years, a lot of 

ground has been covered in the field of wound biology as well as the development of the regenerative 

approaches, including the use of biomaterials, stem cells, growth factors, nanotechnology, and 

sophisticated drug delivery systems. This narrative review is a synthesis of modern developments in 

wound healing and tissue regeneration focusing on the biological processes, new technologies, 

translational, and systemic factors that predetermine the results in wound healing and tissue 

regeneration. The review also discusses the importance of digital health, precision medicine, and 

psychosocial factors on the development of regenerative care. Altogether, the accumulated data have 

contributed to a change in values of passive wound coverage towards biologically active, 

patient-centered, and data-driven regenerative therapies. 

 

Index Terms—Wound healing, Tissue regeneration, Biomaterials, Nanotechnology, Regenerative 

medicine, Chronic wounds 
 

 

I. Introduction 

Wound healing is a basic biological process that is characterized by the co-ordinated cellular, 

molecular and extracellular events that aim at repairing the structure and functionality of tissues. An 

acute wound usually takes a sequential process of hemostasis, inflammation, proliferation and 

remodelling. Nevertheless, it might be interrupted by ischemia, infection, inflammation, metabolic 

dysfunction, or psychosocial stress and results in chronic non-healing wounds (Bello & Phillips, 

2000; Tottali et al., 2020). Chronic wounds such as diabetic wounds, pressure injuries, and venous 

leg wounds are increasingly becoming a major global health issue with enormous clinical, economic, 

and social implications (Oliveira et al., 2022; Ghosh et al., 2024). The traditional wound care models 

that put emphasis on moisture and infection control have shown a weak potential in managing 

challenging cases, and regenerative approaches have been developed that actively regulate the 

wound microenvironment (Ho et al., 2017; Fani et al., 2024). More recent developments in tissue 

engineering, biomaterials, nanotechnology and regenerative medicine have radically redefined care 

paradigms of wounds. They are designed to eliminate wounds as well as to regenerate useful tissue 

structure by means of biological stimulation and directed regeneration to achieve this (Vig et al., 

2017; Jorgensen et al., 2023). Meanwhile, the impact of systemic health conditions, psychosocial 

well-being, and social determinants on wound healing outcomes are noted in the context of the 

impact of holistic and patient-centered approaches (Ashifa, 2021; Ashifa, 2022). 
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II. Biological Foundations of Wound healing and Regeneration 

The healing of wounds is a complex process that is controlled by the cooperation of keratinocytes, 

fibroblasts, endothelial cells, immune cells, and extracellular materials. The migration of cells, 

angiogenesis, collagen deposition and tissue remodelling are coordinated by cytokines, chemokines 

and growth factors (Singer & Boyce, 2017; Han, 2023). Persistent inflammation, oxidative stress and 

impaired angiogenesis, as well as dysregulated immune responses are often linked with impaired 

healing. Nutritional condition and immunometabolic homeostasis are essential factors since 

micronutritional and protein deficiency and immune mediators retard tissue healing (Chow and 

Barbul, 2014). There is also emerging evidence to show that prolonged psychological stress and 

mental illnesses may have a negative impact on wound healing by modifying neuroendocrine and 

inflammatory pathways (Ranganathan et al., 2024; Elkin et al., 2025). The results of these studies are 

important to underline that wound healing does not only occur as a local biological process but a 

systemic process, which is affected by physical, psychological, and social factors. 

 
III. Approaches to Bioengineering Biomaterials and Tissues 

The use of tissue engineering has become part of contemporary wound healing studies. The 

biomaterial scaffolds can offer structural functionality, cellular behavioral control, and bioactive 

molecule delivery to the wound (Ho et al., 2017; Vig et al., 2017). Natural polymers, including 

collagen, chitosan, alginate and hyaluronic acid, have shown good biocompatibility and bioactivity 

whereas synthetic polymers have tunable degradation and mechanical characteristics (Tottali et al., 

2020). To achieve the optimal strength, porosity, and biological signaling, advanced composite 

scaffolds are achieved by incorporating these materials. Skin analogs and fabricated tissue models 

have demonstrated specific excellence in burn treatment and complicated wounds, enhancing 

epithelialization and scars (Singer and Boyce, 2017; Jorgensen et al., 2023). Nevertheless, there are 

still difficulties in vascularization, immune integration, and affordable scaling. 

 

IV. Nanotechnology and Stimuli-Responsive Systems 

Nanotechnology has become a revolutionary instrument in treatment and regeneration of wounds 

and tissues. Nanomaterials help to preserve drug stability, increase the penetration, and deliver 

therapeutic agents directly in the microenvironment of the wound under control (Bhattacharya et al., 

2019; Banerjee et al., 2025). Nanomaterials that respond to stimuli, such as pH, temperature, 

enzymes, oxidative stress, and others, enable site-specific delivery of therapeutics and on-demand 

delivery of therapeutics to treat diseases and improve efficacy by reducing systemic exposure 

(Bellarmin et al., 2025; Rathna & Kulandhaivel, 2024). These systems suit chronic wounds with 

abnormal pH and never-healing inflammation. Antimicrobial, angiogenic, and anti-inflammatory 

effects have been demonstrated by nanofibrous dressings, metallic nanoparticles, and bioactive 

nanocarriers to promote improved healing, which are supported by preclinical and early clinical 

studies (Kolimi et al., 2022; Ghosh et al., 2024). 

 

V. Stem Cells, Growth Factors and Regenerative Signaling 

One of the major strategies in regenerative wound therapy is growth factor delivery. Platelet-derived 

growth factor, vascular endothelial growth factor and fibroblast growth factor are some of the agents 

that stimulate angiogenesis and tissue development but must be delivered in controlled quantities so 

that they are not harmful (Koria, 2012). Mesenchymal stem cells and induced pluripotent stem cells 

have a regenerative potential with paracrine signaling and immunomodulation, which is provided by 

stem cell-based therapies (Freedman et al., 2023; Fani et al., 2024). Although preliminary indications 

are encouraging, safety issues, regulatory complexity and cost render use in a broader clinical 

environment problematic. Bioactives and phytochemical-polymer conjugates made of medicinal 

plants are also complementary to each other, especially under resource-limited conditions, providing 

an anti-inflammatory and antioxidant effect that facilitates healing (Das et al., 2016). 

http://www.iistj.org/


Volume 2, Issue 2, Feb 2026 https://doi.org/10.5281/zenodo.18711665 

 120112  International Innovations & Scholarly Trends Journal (IISTJ) | www.iistj.org  189  

 

 

Figure 1. Biological phases of Wound Healing 

 

 

An example Wound healing as a biological cascade and highly coordinated dynamic process entails; 

hemostasis, inflammation, proliferation and tissue remodelling. Clot formation immediately after 

injury stabilizes the wound environment triggering inflammatory signaling. Inflammatory phase 

brings in immune cells which eliminate debris and control activities of cytokines. In the proliferative 

stage, the movement of fibroblasts, angiogenesis, and the deposition of the extracellular matrix 

enhance the formation of granulation tissue, and epithelialization restores the surface integrity. 

Lastly, at the remodelling stage, collagen fibres are rearranged and tensile strength is enhanced, 

which seals the functional tissue restoration. Current regenerative approaches interfere in these 

stages in order to maximise the healing dynamics. The scaffolds are biomaterials that offer 

mechanical stability and control cellular processes, the angiogenesis and cellular proliferation is 

triggered by the growth factors, and the regeneration of tissues is promoted by the paracrine 

signalling mediated by stem cells. Localised and controlled therapeutic delivery in the wound 

microenvironment is also made possible by nanotechnology-based systems of delivery. These 

combined biological and technology solutions transform passive wound care coverage to 

biologically active regeneration to enhance the quality of healing and slow down the chronic wound 

progression. 

 
VI. Chronic Wounds, Aging and Health Disparities 

Older adults and people with underlying health and socioeconomic vulnerabilities have a 

disproportionate number of chronic wounds. Research points out correlations between delayed 

healing and burden of chronic disease, work stress, unhealthy eating habits and access to care 

(Ashifa, 2019; Ashifa and Ramya, 2019). Studies of the aged population and marginalized groups 

indicate that social isolation, mental health issues, and the lack of self-care ability play an important 

role in the wound prognosis (Ashifa, 2022; Rasi and Ashifa, 2019). The results serve as the reminder 

of the need to consider the combination of rehabilitation, patient education, and community-based 

support in models of wound care (Vettriselvan et al., 2026). 

 
VII. Digital Health, Precision Medicine and Data-Driven Wound Care 

Digital health technologies are becoming more and more a part of wound management. Machine 

learning applications, image-based wound analysis, and remote monitoring allow the detection and 

prevention of complications at the early stage and the design of a specific treatment (Catherine et al., 

2025; Shanthi et al., 2025). Precision medicine strategies use patient-specific information such as 

genetics, comorbidities, and psychosocial profiles to customize regenerative therapies and forecast 

the healing patterns (Devi et al., 2025). The efficiency of the healthcare system and continuity of 

care are the other tools it supports. Nevertheless, the ethical issues connected with data privacy, 

algorithmic bias, and fair access are the subject of serious concern, especially in low-resource 

contexts (Vettriselvan and Anto, 2018). 
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VIII. Translational and Regulatory issues 

Although there is fast innovation, there are hurdles to the translation of regenerative wound therapies 

into standard clinical practices associated with manufacturing complexity, regulatory approval, and 

reimbursement. Both broader adoption and safety data (long-term and outcome) should be 

standardized (Han, 2023; Freedman et al., 2023). This will involve interdisciplinary work of 

clinicians, engineers, experts in public health and policymakers so that technological advances can 

be translated into patient benefit and not isolated laboratory success. 

 
IX. Conclusion 

The innovation of wound healing and tissue regeneration has changed the practice of wound care as 

passive management of wounds toward biologically active, regenerative, and patient-focused care. 

New biomaterials, nanotechnology, growth factor delivery, and digital health present new 

opportunities to enhance the outcome in acute and chronic wounds. But to be successful, translation 

involves the incorporation of biological science with the psychosocial consciousness, health equity, 

and implementing data. It will be built upon interdisciplinary research, future development based on 

ethical innovation, and future solutions based on scalability that integrate both biological complexity 

and real-world healthcare challenges. 
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