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Introduction. The rapid development of regenerative medicine has 

significantly influenced modern surgical practice. Traditional surgical treatment 

focuses primarily on the removal of damaged tissues and restoration of anatomical 

integrity. However, postoperative healing often remains prolonged and may be 

complicated by inflammation, infection, fibrosis, and impaired tissue regeneration 

[1]. To address these challenges, bioactive materials and regeneration stimulators 

are increasingly being implanted directly during surgical procedures. Such materials 

include hydrogels, nanomaterials, bioactive scaffolds, growth factor carriers, and 

stem cell-based constructs [2,3]. Their application aims to enhance tissue repair 

processes, accelerate healing, and improve long-term clinical outcomes [3]. 

Aim. To evaluate the potential of intraoperative implantation of  

bioactive materials and regeneration stimulators in enhancing tissue  

regeneration and improving postoperative recovery based on current scientific 

evidence [2,5]. 

Results. Recent advances in biomaterials science have led to the development 

of highly biocompatible materials capable of interacting with living tissues at the 

cellular and molecular levels [3,5]. Hydrogels have gained particular attention due 

to their high water content and structural similarity to the natural extracellular 

matrix. These materials provide a favorable environment for cell migration, 

proliferation, and differentiation while simultaneously supporting nutrient and 

oxygen transport [3,4]. 

Studies have demonstrated that hydrogel-based implants can be loaded with 

growth factors such as vascular endothelial growth factor (VEGF), platelet-derived 

growth factor (PDGF), and transforming growth factor-beta (TGF-β) [4]. Controlled 

release of these biologically active molecules enhances angiogenesis, stimulates 

fibroblast activity, and promotes collagen synthesis, resulting in faster wound 

closure and improved tissue remodeling [4,5]. 



 June 12, 2026  Chicago, USA   
.  

335 
 

Nanomaterials have also shown significant regenerative potential. 

Nanoparticles, nanofibers, and nanocomposite scaffolds provide large surface areas 

for cellular attachment and facilitate intracellular signaling pathways involved in 

tissue repair [5]. Silver nanoparticles exhibit antimicrobial properties that reduce the 

risk of postoperative infections, while bioactive ceramic nanoparticles stimulate 

osteogenesis and bone regeneration [5,7]. Carbon-based nanomaterials and 

graphene derivatives have demonstrated the ability to enhance stem cell adhesion 

and proliferation, further supporting tissue regeneration processes [5]. 

In orthopedic surgery, bioactive implants containing calcium phosphate, 

hydroxyapatite, and nanostructured biomaterials have been associated with 

improved bone integration and accelerated fracture healing [6,7]. Clinical studies 

report increased bone mineralization, enhanced osteointegration, and reduced 

recovery times compared with conventional treatment approaches [6]. 

In reconstructive and plastic surgery, bioactive scaffolds contribute to soft 

tissue regeneration by promoting neovascularization and reducing scar formation 

[3]. Their application has been linked to improved aesthetic outcomes and 

restoration of tissue functionality [3,5]. 

Furthermore, regenerative stimulators based on mesenchymal stem cells and 

platelet-rich plasma (PRP) have demonstrated promising results when combined 

with biomaterial carriers [2]. These combinations create a synergistic effect, 

enhancing cellular recruitment, differentiation, and tissue remodeling [2,5]. 

Experimental and clinical investigations indicate reduced inflammatory responses, 

increased vascular density, improved collagen organization, and better functional 

recovery in patients receiving such regenerative therapies [5,7]. 

Despite these advantages, several challenges remain, including optimization of 

material biodegradability, long-term biocompatibility, manufacturing costs, and 

regulatory approval processes [5]. Continued interdisciplinary research is required 

to establish standardized protocols and maximize therapeutic efficacy across 

different surgical specialties [2,5]. 

Conclusions. The intraoperative implantation of bioactive materials and 

regeneration stimulators represents a promising strategy for improving tissue repair 

and postoperative recovery [2,5]. Hydrogels, nanomaterials, bioactive scaffolds, and 

cell-based regenerative constructs contribute to enhanced angiogenesis, reduced 

inflammation, accelerated healing, and improved functional outcomes [3–5]. The 

integration of these technologies into surgical practice may significantly advance 

regenerative medicine and provide new opportunities for personalized treatment 
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approaches [2]. Further clinical studies are necessary to confirm their long-term 

safety and effectiveness across different fields of surgery [5,7]. 
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