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Abstract  

 
Nanobiomaterials have opened new horizons in urology, offering innovative solutions for 

regenerative and oncological treatments. These materials, due to their unique properties such 

as nanometer dimensions, biocompatibility, and functionalization capacity, have the potential 

to significantly improve the efficiency and precision of clinical interventions. In urological 

regeneration, nanostructures are used to design scaffolds that facilitate cell proliferation and 

tissue reconstruction, being applied in defects of the bladder, urethra, and kidney tissue. Also, 

in urological oncology, nano-biomaterials play a central role in targeted drug delivery, 

photothermal, and photodynamic therapy, as well as in early diagnosis through advanced 

imaging. However, the use of nanomaterials comes with significant challenges. Technical 

aspects include stability in the biological environment and limitations in synthesis and 

functionalization. Clinically, adverse reactions and toxicity require increased attention, and 

the scalability of production is a major barrier to widespread application. Also, the high costs 

and ethical concerns related to the use of nanotechnology in medicine limit the accessibility of 

these innovations. Despite these challenges, continued advances in research promise to 

completely transform urology, paving the way for personalized and more effective treatments. 
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Introduction 

 

Nanobiomaterials are an emerging category of nanoscale materials (1-100 nm) with 

extensive applications in biomedicine due to their unique properties, such as large specific 

surface area, increased biocompatibility, and the ability to selectively interact with biological 

systems. These characteristics give them an essential role in the advancement of modern 

treatments, including tissue regeneration and personalized therapies in oncology [1-4]. 

In the context of urology, a field that integrates surgery, oncology and regenerative 

medicine, the need for effective and minimally invasive solutions is growing. Urological 

diseases such as prostate cancer, bladder cancer or chronic kidney failure present considerable 

therapeutic challenges. Current treatments, while effective in certain cases, are often limited by 

significant side effects, prolonged recoveries, or high costs. In this context, nanobiomaterials 

offer a promising alternative, due to their ability to optimize tissue regeneration and improve 

oncology treatments through targeted delivery of advanced drugs and therapies such as 

photothermal or photodynamics [1,3,4]. 

Nanotechnology plays a fundamental role in revolutionizing urological treatments. In 

regeneration, nanostructures provide an ideal platform for stem cell proliferation and optimal 

integration of the reconstructed tissue. In oncology, functionalized nanoparticles allow for early 
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detection of tumors and controlled drug delivery, which reduces toxicity and increases the 

chances of survival [3-5]. 

By integrating nanomaterials into clinical practice, urology can move from conventional 

therapies to personalized, minimally invasive, and highly effective treatments. In conclusion, 

this interdisciplinary field has the potential to redefine the standards of care for patients with 

urological conditions, paving the way for more accurate and sustainable medicine [3-6]. 

 

Classification of nanomaterials used in urology 

 

Nanobiomaterials used in urology can be classified according to chemical composition, 

specific applications, and the combination of multiple materials to achieve improved 

performance [4-6]. 

Gold, silver, and iron oxide nanoparticles are intensively studied due to their unique 

properties. Gold nanoparticles are used in photothermal therapies to destroy tumor cells in 

prostate and bladder cancer, generating heat under the action of a laser, without affecting 

healthy tissues. Silver nanoparticles, known for their antimicrobial properties, are used to 

prevent infections associated with medical devices such as urinary catheters. Iron oxide has 

important applications in magnetic resonance imaging (MRI), providing a valuable tool for the 

early diagnosis of urological tumors [4-7]. 

Zinc oxide (ZnO) and titanium oxide (TiO₂) are two of the most widely used ceramic 

nanoparticles due to their biocompatibility and stability. ZnO exhibits anticancer effects by 

generating oxidative stress in tumor cells, while TiO₂ is used in cancer phototherapy, generating 

reactive oxygen species (ROS) under the action of UV light, which destroys malignant cells [5-

8]. 

Polymers are used to manufacture scaffolding and drug delivery systems. Natural 

polymers such as chitozan, derived from crustacean chitin, are biocompatible, biodegradable, 

and exhibit antimicrobial properties. Synthetic polymers, such as polylactide (PLA) and 

polyglycolide (PGA), are commonly used to create biodegradable structures that promote 

urethral tissue or bladder regeneration [3,5-8]. 

Nanocomposites are combinations of materials, such as polymers with metallic or 

ceramic nanoparticles, to achieve improved mechanical properties and antibacterial effects. 

Nanostructured hydrogels are frequently used in regeneration and controlled drug delivery, 

having the ability to respond to stimuli such as pH or temperature, making them extremely 

versatile in urology [7-11]. 

 
Table 1. Classification of nanobiomaterials in urology [7-11]. 

 

Category Examples/Materials Applications 

Metallic nanoparticles Gold, silver, iron oxide 
Photothermal therapies, advanced 

imaging, antimicrobial effect 

Ceramic nanoparticles 
Zinc oxide (ZnO), titanium oxide 

(TiO₂) 

Photodynamic therapy, destruction 

of tumor cells 

Natural and synthetic 
polymers 

Chitosan, polylactide (PLA), 
polyglycolide (PGA) 

Scaffolds for tissue regeneration, 
drug delivery 

Biomaterials for tissue 

regeneration 

Nanostructured hydrogels, 

electrospun nanofibers 

Bladder and urethral tissue 

regeneration 

Biomaterials for cancer 
therapies 

Functionalized nanoparticles, gold, 
iron oxide 

Targeted drug delivery, imaging, 
and photothermal therapy 

Nanocomposites and 

hydrogels 

Polymeric nanocomposites, 

functionalized hydrogels 

Tissue regeneration, controlled drug 

release 
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Applicability in urological regeneration 

 

Nanobiomaterials play an essential role in urological regeneration, providing innovative 

solutions for the repair of bladder, urethral and renal defects, as well as for treatments for 

urinary incontinence. These materials, due to their unique properties, can stimulate tissue 

regeneration by creating favorable environments for cell proliferation [8-12]. 

Bladder and urethral defects are common challenges in urology, often occurring as a 

result of trauma, birth defects, or tumors. Nanostructure-based scaffolds are used to replace and 

regenerate these delicate structures. For example, electrospun nanofibers made from 

biodegradable polymers such as polylactide (PLA) and chitosan are designed to mimic the 

natural extracellular matrix, facilitating the attachment, proliferation, and differentiation of 

epithelial and smooth muscle cells [9-12]. 

Preclinical studies have demonstrated the success of these scaffolds in functional bladder 

regeneration in animal models. A notable example is the use of nanostructured collagen-based 

scaffolds in combination with stem cells, which have been shown to restore bladder capacity 

and reduce the risk of scar tissue formation. Early clinical trials have also shown promising 

results, suggesting the viability of these technologies in clinical practice [8-13]. 

Urinary incontinence, a common condition that affects quality of life, can be treated by 

injecting biomaterials that act as volumizing agents to support the urethral sphincter. 

Nanostructured hydrogels, due to their biocompatibility properties and ability to adapt to the 

biological environment, are used to provide effective and minimally invasive solutions. These 

materials not only improve the function of the sphincter, but also stimulate local tissue 

regeneration [8,10-13]. 

 

The role of nanobiomaterials in urological oncology 

 

 Nanobiomaterials have brought significant advances in urological oncology, especially 

in early diagnosis and personalized treatments for prostate and bladder cancers. Due to their 

nanoscale size and ability to selectively interact with tumor tissues, these materials contribute to 

improving therapeutic efficacy and reducing systemic adverse effects [8,10-15]. 

In targeted drug therapy, functionalized nanoparticles are used to deliver 

chemotherapeutic agents directly to tumor cells. In prostate cancer, gold nanoparticles coated 

with specific ligands enable precise transport of docetaxel, reducing toxicity and increasing 

treatment efficiency. Similarly, functionalized iron oxide nanoparticles are used in the treatment 

of bladder cancer, allowing both controlled drug delivery and progress monitoring through MRI 

imaging [11-15]. 

Photodynamic and photothermal therapy are other important applications. In 

photodynamic therapy, light-activated nanoparticles generate reactive oxygen species, which 

destroy tumor cells. Photothermal therapy involves the use of gold nanoparticles to convert light 

energy into heat, selectively eliminating cancer cells [12-16]. 

In early diagnosis, functionalized nanoparticles are used as contrast agents in advanced 

imaging (MRI, CT). For example, iron oxide and gold nanoparticles can detect small tumors, 

providing precise information for personalized treatments [11,14-17]. 

Through these applications, nanobiomaterials open up new perspectives in urological 

oncology, revolutionizing therapeutic approaches and contributing to the significant 

improvement of patients' quality of life [15-18]. 

 

Challenges and limitations 

 

Nanobiomaterials offer significant benefits in urology, but their use faces numerous 

challenges and limitations related to technical, clinical, economic and ethical aspects. These 
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barriers need to be addressed to ensure the effective transition from research to large-scale 

clinical use [17-19]. 

 
Table 2. Further expanded challenges and limitations of nanobiomaterials [11-20]. 

 

Category Key issues Implications 

Technical aspects 

Complex manufacturing processes 

requiring specialized equipment, 

difficulty in achieving reproducibility 

for large-scale production. 

Slows the development and clinical 

translation of nanotechnology, 

increases production costs and limits 

availability. 

Material design and synthesis 

High precision required in 

nanoparticle functionalization, 

difficulty in ensuring compatibility 

with biological systems. 

Reduces success rates in targeting 

specific biological pathways, 

necessitates additional investment in 

research. 

Stability and degradation 

Instability of nanomaterials under 

physiological conditions, risk of 

degradation leading to loss of 

therapeutic effectiveness. 

May reduce effectiveness in clinical 

environments, requires strategies to 

enhance stability and minimize 

degradation. 

Clinical aspects 

Potential toxicity and long-term 

effects on healthy tissues, immune 

system reactions and inflammatory 

responses. 

Poses risks to patient safety, requires 

careful evaluation of risk-benefit 

ratios in clinical trials. 

Patient safety 

Unpredictable interactions with 

biological systems, necessity for 

extensive preclinical and clinical 

testing. 

Delays in regulatory approvals due to 

safety concerns, increased scrutiny 

for long-term patient outcomes. 

Scalability and Standardization 

Challenges in mass production while 

maintaining quality, lack of 

standardized manufacturing and 

clinical protocols. 

Restricts scalability of promising 

technologies, hinders widespread 

adoption in clinical practice. 

Regulation and environmental impact 

Potential environmental hazards from 

nanomaterial waste, need for clear 

and enforceable regulatory 

guidelines. 

Introduces potential risks to 

ecosystems, necessitates 

interdisciplinary collaboration for 

sustainable practices. 

 
Clinical aspects include risks of toxicity and adverse reactions. The nanoparticles can 

interact with the immune system or accumulate toxicity in tissues, which can lead to serious 

side effects. In addition, the scalability of production remains a significant problem, as current 

technologies do not allow for the economical and consistent manufacture of nanomaterials for 

large-scale use [13,18-21]. 

From an economic perspective, the high costs of research, development and production 

are a significant barrier to clinical implementation. Accessibility for patients, especially in low- 

and middle-income countries, is limited, raising issues of equity in healthcare. Ethical issues 

refer to possible unknown risks associated with the use of nanotechnology, as well as concerns 

about the privacy and safety of patient data in the case of nanomaterials used for diagnosis [18-

21]. 

 

Conclusions 

 

Nanobiomaterials represent an emerging field with huge potential in urology, 

transforming therapeutic approaches for tissue regeneration and oncology treatments. Their 

unique properties, such as biocompatibility, nanometer dimensions and functionalization 

capacity, allow the creation of customized, minimally invasive and effective solutions.  

In urological regeneration, the use of nanostructured scaffolds and hydrogelia promotes 

cell proliferation and reconstruction of affected tissues, providing a viable alternative for 

bladder, urethral and renal defects. In oncology, the application of nanoparticles in targeted 
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drug therapy, photothermy, and early diagnosis has shown promising results in increasing 

treatment efficiency and reducing adverse effects. 

However, the implementation of nanobiomaterials in clinical practice faces significant 

challenges. Technical limitations, such as stability in the biological environment and the 

complexity of synthesis, together with clinical and economic aspects, such as toxicity, high 

costs and scalability of production, remain important barriers. Also, ethical concerns about the 

use of nanotechnology require clear regulation. 

Despite these limitations, rapid advances in research and integration with advanced 

technologies such as 3D bioprinting and artificial intelligence offer tremendous opportunities. 

Nanobiomaterials have the potential to revolutionize urology, contributing to the development 

of safer, more precise and more accessible treatments, significantly improving the quality of life 

of patients. 
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