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ABSTRACT 

Nanoparticle Network Hydrogels (NNHs) represent an innovative advancement in general surgery, combining 

the biocompatibility of hydrogels with the multifunctionality of nanoparticles. They offer promising applications 

in wound healing, localized drug delivery, tissue engineering, and minimally invasive procedures. NNHs 

provide enhanced infection control, promote tissue regeneration, and enable targeted therapeutic delivery, 

addressing key surgical challenges. Despite current limitations in clinical translation, NNHs hold significant 

potential to transform surgical care and improve patient outcomes. 

 

Nanoparticle Network Hydrogels: 

Nanoparticle Network Hydrogels (NNHs) represent a remarkable advance in the interface between materials 

science and general surgery, offering clinicians a new set of tools to address persistent challenges in 

perioperative care and tissue healing. Traditionally, surgeons have contended with post-operative complications 

such as infection, poor wound healing, and systemic drug toxicity, issues that demand not only technical skill 

but also innovative biomaterials. The integration of nanoparticles within hydrogel networks addresses these 

concerns on multiple fronts. 

 

NNHs combine the outstanding biocompatibility and moisture-retaining capacity of hydrogels with the targeted, 

multifunctional properties of nanoparticles. When applied to wound beds or surgical sites, these hydrogels 

provide a protective, moist environment while also facilitating sustained release of antimicrobial agents or 

growth factors.[1] This dual action not only accelerates healing and tissue regeneration but also reduces the risk 

of infection.[2] Beyond wound management, the ability to localize drug or chemotherapeutic delivery in surgical 

fields allows for maximal efficacy with minimal systemic exposure, giving surgeons an edge in both routine and 

complex procedures.[3] 

 

The significance of NNHs is especially evident in the realm of tissue engineering and reconstructive surgery. 

Patients with critical soft tissue or bone defects may now benefit from scaffolds that support cellular growth and 

differentiation.[4] These hydrogels serve as transient matrices, integrating bioactive signals and supporting new 
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tissue formation with a degree of precision and biocompatibility unattainable with traditional materials. 

Likewise, their adaptability for use as hemostatic agents or surgical adhesives extends their utility to a range of 

intraoperative scenarios, potentially reducing the incidence of bleeding or dehiscence following intervention.[1,5] 

 

Importantly, the versatility of NNHs aligns with the evolution of minimally invasive surgery, where injectable 

and in situ forming materials are increasingly preferred. Surgeons can apply these hydrogels laparoscopically or 

robotically at sites that were previously inaccessible, extending the reach of advanced therapeutics while 

minimizing collateral tissue damage. 

While challenges remain, including scaling for routine clinical use, regulatory considerations, and long-term 

outcome data, the promise of Nanoparticle Network Hydrogels is clear. They are poised to play a pivotal role in 

the future of general surgery, not simply as passive wound covers, but as active, adaptable platforms for 

infection control, tissue repair, and therapeutic delivery.  

 

REFERENCES 

1. Chuankai Zhang, Peirong Zhou, Shoucheng Li, Xuancheng Zhang, Zhaoxin Xia, Zihan Rao, Xuemin 

Ma, et al. From Hemostasis to Angiogenesis: A Self-Healing Hydrogel Loaded with Copper Sulfide-

Based Nanoenzyme for Whole-Process Management of Diabetic Wounds. Biomater Res. 

2025;29:0208. 

2. Le HuQing LiuYuxin WangChunxiao WangYinuo FanS, et al. A Semi-Interpenetrating Network 

Hydrogel with Excellent Photothermal Antibacterial and ROS Scavenging Activities for MRSA-

Infected Wounds. ACS Appl Mater Interfaces. 2025;17(10):15896-15909. 

3. Liu Z, Koseki Y, Suzuki R, Dao ATN, Kasai H. Sustained Drug Release from Dual-Responsive 

Hydrogels for Local Cancer Chemo-Photothermal Therapy. Macromol Biosci. 2025;25(3):e2400413. 

4. Wu AL, Wu AF, Chen CY, Moreno RLH, Wu JL, Wong PC. Laser-Induced Photothermal Hydrogels 

Promote the Proliferation of MC3T3-E1 Preosteoblasts for Enhanced Bone Healing. J Funct Biomater. 

2025;16(2). 

5. Shabnam Sadeghi, Ahmad Mahmoodzadeh, Seyedhosein Jarolmasjed, Mohammad Amin Monazzah, 

Rasoul Hosseinpour, Monireh Khordadmehr, et al. A comprehensive comparison on hemostatic 

performance of natural and synthetic nano-clay minerals embedded in modified cellulose-based sponge 

for  non-compressible massive bleedings. Int J Biol Macromol. 2025;315(Pt 1):144454. 

 

https://pubmed.ncbi.nlm.nih.gov/40416940/
https://pubmed.ncbi.nlm.nih.gov/40416940/
https://pubmed.ncbi.nlm.nih.gov/40416940/
https://pubmed.ncbi.nlm.nih.gov/40416940/
https://pubs.acs.org/doi/10.1021/acsami.4c17889
https://pubs.acs.org/doi/10.1021/acsami.4c17889
https://pubs.acs.org/doi/10.1021/acsami.4c17889
https://pubmed.ncbi.nlm.nih.gov/39565793/
https://pubmed.ncbi.nlm.nih.gov/39565793/
https://pubmed.ncbi.nlm.nih.gov/39997597/
https://pubmed.ncbi.nlm.nih.gov/39997597/
https://pubmed.ncbi.nlm.nih.gov/39997597/
https://pubmed.ncbi.nlm.nih.gov/40403818/
https://pubmed.ncbi.nlm.nih.gov/40403818/
https://pubmed.ncbi.nlm.nih.gov/40403818/
https://pubmed.ncbi.nlm.nih.gov/40403818/

