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Abstract: With an emphasis on its uses in medication delivery, cancer treatment, infectious illnesses, and 

diagnostics, this article examines the possibilities of nanotechnology in healthcare. In addition to discussing the 

classification and materials employed, it also covers the many healthcare uses of nanotechnology, such as 

antibacterial agents, targeted medication delivery, gene delivery, tissue engineering, medical diagnostics, and 

cancer therapy. Risks to in vivo health and the environment are among the safety issues of nanomaterials that are 

included in the review. Additionally, it offers information about the regulatory environment that regulates 

nanotechnology in healthcare in various geographical areas. The assessment highlights the need to guide the 

proper integration of nanotechnology in healthcare while striking a balance between innovation, safety, and 

environmental stewardship. The evaluation draws attention to the potential ethical, social, economic, and 

environmental issues brought on by the quick development of nano-biotechnology. 
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Introduction 

Designing, characterizing, manufacturing, and applying materials, structures, devices, and systems 

at the nanoscale is the focus of the scientific and technical discipline known as nanotechnology [1]. This 

technology, which was initially introduced in 1959, is today regarded as the most promising of the 

twenty-first century. It may boost economic growth and improve the capacity and quality of industrial 

sectors. A new field of human advancement and medical study might be revolutionized by 

nanotechnology.  

In medical, nanotechnology may be applied to a number of issues, including the detection, 

management, and prevention of disease [2-5]. As drug transporters in the brain, nanoparticles have been 

shown to increase therapeutic medicine's bioavailability, reduce adverse effects, and improve absorption. 

Biocompatibility and biodegradability make polymeric nanoparticles and liposomal nanocarriers 

popular. With the use of molecular tools and knowledge of the human body, nanotechnology has been 

used to the diagnosis, treatment, prevention, and alleviation of pain as well as the preservation and 

improvement of human health [6]. 

Nanotechnology is now being used commercially in medicine to deliver medications with novel 

mechanisms of action. By enhancing imaging, intracellular targeting, therapeutic gene release control, 

and the aiming and entry of drugs into cells, nanotechnology has already enhanced drug delivery. In 

addition to enabling doctors to identify and improve medication doses, nanometric may be tailored to 

target specific patients, reducing tissue damage and side effects [7]. Magnetic nanoparticles, nanoparts 

that are sensitive to enzymes that target brain cancers, intelligent nanoparticle samples for intracellular 

drug administration, and quantitative points to identify and measure human brain cancer are examples 

of advances in nanotechnology [8]. 

Medical procedures including diagnostics, illness monitoring, equipment operation, regenerative 

medicine, vaccine development, and drug distribution might all be completely transformed by 

nanotechnology. It lowers the chance of failure and rejection by targeting particular bodily cells. The 

kinds of nanotechnology and nanoparticles, classes of materials based on nanotechnology, related 

aspects and characteristics of nanotechnology for the medical sector, and current medical applications 

are the objectives of this work. By utilizing cutting-edge methods and materials, nanomedicine—the 

application of the very tiny to medicine—exploits biological and quantum mechanical phenomena at the 

nanoscale[9]. Prominent developments include the creation of nanoscale materials for medication 
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administration, improved pictures for improved visibility during imaging operations, and gold 

nanoparticles absorbed in tumorous areas [10]. 

Literature review 

The development of medical textiles with improved qualities including mechanical strength, 

conductivity, and antibacterial activity depends on nanostructure fabrication processes. The Sol-Gel 

procedure for functionalizing antimicrobial nanoparticles, CVD for conductive textiles, electrospinning 

for core-shell nanofiber manufacturing, and the creation of nanocomposite materials for enhanced 

mechanical and thermal characteristics are important methods. Numerous and diverse breakthroughs in 

nanotechnology and nanomedicine have important implications for healthcare [11-15]. 

Nephrology, cancer treatment, and therapeutic genes for cardiovascular disease are all still being 

researched. Researchers get data from nanobots that target certain cancer cells and smart tablets, and 

nanotechnology holds promise for in-vitro diagnostics. Instruments and processes improve the physio-

chemical characterization evaluations, safety, and efficacy of nanomaterials and nanosurfaces, and 

nanoparticles can function as molecular imaging agents in devices[16,17]. 

Types of nanoparticles are being used in the medical field 

The high surface-area-to-volume ratio of nanoparticles, which results from their nanoscale size, 

allows for rapid medication absorption and mobility. Their distinct mechanical, magnetic, optical, and 

catalytic characteristics render them valuable for usage in medicinal settings [18-21]. 
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Figure 1. Characteristics of six common nanomaterials. 

Lipid nanoparticles, which are made of lipids such as phospholipids, have the ability to modify 

surfaces in a variety of ways and are highly biocompatible. The exceptional optical, electrical, and 

magnetic characteristics of metal nanoparticles (NPs), which include metals like copper, silver, and gold 

as well as their oxides, make them perfect for biological imaging, photothermal treatment (PTT), and 

sensing applications. Large surface area, high drug-loading capacity, and chemical stability are 

characteristics of carbon-based nanomaterials, including CNTs, graphene, and fullerenes, which offer 

resistance to oxidative conditions [22, 23]. 

Made from different polymers, polymeric nanoparticles (NPs) exhibit a variety of shapes and 

characteristics that make them appropriate for a wide range of biomedical applications. Ferritin family 

proteins and virus-like particles (VLPs) are examples of self-assembled NPs that have strong 

biodegradability for ferritin proteins and the capacity to imitate viral stimuli to elicit immune responses 

for VLPs [24]. Small vesicles called exosomes are released by cells and are abundant in proteins, nucleic 

acids, and signaling molecules. They are essential for cellular regulation and communication. Proteins, 

carbohydrates, and lipids are found in organic nanoparticles, which are categorized into three groups: 

carbon-based, inorganic, and organic. Less than 100 nm is the range of their precise measurements [25-

27]. 

 

 

Figure 2. Classification of nanoparticles. 

 

Inorganic nanoparticles, such as elemental metals, and metal salts, are extremely stable, 

hydrophilic, biocompatible, and non-toxic when compared to organic compounds [28]. The remarkable 

mechanical, electrical, thermal, optical, and chemical capabilities of carbon-based nanomaterials—such 

as graphene, fullerenes, and carbon nanotubes—have drawn interest. Because nanoparticles react to light 

by becoming hot enough to kill cancer cells, scientists think they may eventually be introduced into the 

bloodstream and develop into cancer tumors.  

Materials based on nanotechnology enable a wide range of medical applications, such as implants, 

tissue technology, artificial organ components, surgical fabrics, wound dressings, and intelligent 

bandages [29].  

As it prepares for space colonization by building infrastructure and ecosystems for other planets, 

nanomedicine guarantees longer life and supports those who are already living longer. In order to ensure 

more precise treatment, nanoelectronics biosensors and molecular nanotechnology are used to assess a 
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patient's body, medicines, and medical equipment at the nanoscale [30]. There is no requirement for 

insulin self-observation since nanoparticles can sensibly raise glucose and react with insulin release. 

Nanotechnology has the potential to significantly advance the diagnosis, treatment, and prevention of 

diseases. It may also spur the creation of safer and more effective drugs, tissue-focused initiatives, and 

customized nanomedicines. Medical applications of nanotechnology-based concepts are becoming more 

fruitful because to the usage of carbon nanotubes, nanovesicles, and nanoparticles. Additionally, 

wearable monitoring that transmit data to hospital systems and the management of circulating tumor 

cells are examples of preventative medical applications for nanotechnology. The use of individual atoms 

and molecules in the technical sector, especially in nanoscience, has ramifications for science, 

engineering, and technology in the future [31-36]. 

Wound treatment 

Utilizing features of nanometers, nanoscience develops tailored drugs with little side effects. 

Numerous fields, such as drug delivery, imaging, diagnostics, vaccine research, and wearable 

technology, employ nanomedicine. Through direct therapeutic targeting of healthy cells, including 

cancer cells, nanotechnology also helps reduce harm to these cells. Nanotubes attached to antibodies that 

are attracted to cancers absorb laser light, which causes tumors to bur [37]. Nanoparticles can also 

provide heat therapy more precisely. In nanomedicine, materials that are bio-biological, nonbiological, 

biomimetic, or hybrid are also widely used [38]. 

 

Figure 3. The safety of nanotechnology in healthcare and the threats to the environment. 

 

With the use of submicrometer-sized tools for disease detection, prevention, and treatment, 

nanotechnology has also improved access to healthcare. As a result, regenerative drug research has 

quickened and patients with severe injuries or organ insufficiency can now get prosthetic skin, bone, 

cartilage, and other tissues [39]. 

Important future directions for the use of nanotechnology in medicine 

Medical technology is undergoing a revolution thanks to nanotechnology, which offers a small, 

portable tool for quick and precise diagnosis. It enables the early identification of cancers, genetic 

anomalies, and different disease states. When applied to iron oxides and specialty polymers, 

nanoparticles can improve imaging capabilities by employing less expensive and more potent diagnostic 

agents. Since nanomedicine offers the structural framework needed to generate novel functional 

structures that resemble natural tissues, it holds great promise for tissue engineering and cell therapy 

[40-24]. 
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This allows the production, development, and repair of cells to be controlled by medical personnel. 

Since nanoparticles allow doctors to target treatments to the precise cause, boosting effectiveness and 

lowering adverse effects, therapy is expected to benefit from nanomedicine the most in terms of drug 

delivery and treatment [43]. Drug delivery solutions based on nanotechnology first comprise therapeutic 

drug-containing nanoparticles that can bind or disperse as well as adsorbed polymer matrices. The 

primary developments in nano-drug production using imaging, therapeutics, and diagnostics in recent 

years have been improving the bioavailability of targeted tissue distribution, extending the half-life of 

injectable drugs, and delivering pharmaceuticals orally [44]. 

Nanoparticles can also be employed to treat melanoma cells with optical anticancer medications, 

reduce side effects in chemotherapy, and administer oral treatments. By enabling more individualized 

therapies, focused drug administration, sophisticated regenerative medicine, and extremely accurate 

diagnostics, developments in biomedical physics and nanotechnology are poised to revolutionize 

healthcare[45]. 

Advanced Diagnostics 

Nanomaterials are revolutionizing medical imaging by working as contrast agents to provide 

crisper, more detailed images of tissues and organs. Early detection of diseases like diabetes and cancer 

is possible due to the increased sensitivity and specificity of nanosensors [46]. 

Systemic toxicity is reduced and therapeutic efficacy is increased when drugs and genes are 

encapsulated in nanocarriers. Nanotechnology enhances tissue engineering because it facilitates tissue 

regeneration and strengthens cellular bonds. Because of personalized medicine, customized therapies 

are now feasible. Because nanotechnology offers superior in vivo stability, intelligent, responsive drug 

release, and accurate, efficient drug-targeted administration, it has completely changed medication 

delivery. Emerging domains include theranostics, wearable health technology, nanorobots, and the 

convergence of artificial intelligence [47-48]. The challenges include regulatory science, 

nanotoxicology, and biocompatibility. 

 

 
Figure 4. Uses of nanotechnology in medical fields. These applications span several medical domains, 

including cancer treatment, antibacterial and antiviral applications, drug delivery, gene delivery, tissue 
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engineering, and diagnostics. 

The use of nanomedicine in illness prevention, diagnosis, treatment, and monitoring is fascinating 

and includes anything from nanosized implanted biosensors to bioengineered nanoparticles that target 

cells. With the ability to detect the presence of harmful chemicals and the body's oxygen and carbon 

dioxide levels, nanosensors enable personalized dietary and nutritional plans. The utilization of novel 

nanomedical approaches to treat skin cancer allows for adequate distribution to specific tumor areas and 

target cells with less harmful side effects of drugs and other possible treatments. Nanomedicine is 

changing several aspects of healthcare, including cancer diagnosis, disease monitoring, and treatment. 

These particles, called NanoFlares, are designed to stick to the genetic targets of cancer cells and are 

being used to detect cancer cells in the circulation. Diagnostics, illness monitoring, and regenerative 

medicine are all being transformed by this method. The application of nanoparticles and smart materials 

in medicine delivery has potential for pharmaceutical companies seeking to boost output and lessen side 

effects. Nanotechnology also offers a practical tool for illness management and prevention, as bacteria 

become more resistant to medications. Patients can avoid infections while using less drugs thanks to 

nano-silver and other antibacterial materials. Nanotech is also being used in the Figureht against cancer. 

Nanoparticles can kill certain cancer cells in non-traditional therapy and transport traditional cancer 

drugs to tumors with fewer adverse effects. Nanotechnology is also being used in the prevention and 

treatment of serious diseases including cardiovascular disease. Nanobots, the most prominent 

advancement in nanomedicine, have the potential to replace whole intracellular components, correct 

genetic faults, replace damaged cells, or alter DNA molecules to eliminate disease. By eliminating 

wrinkles, excess fat, and cellulite, nanomedicine aims to improve human life and turn healthcare into a 

preventative procedure that enables early disease identification. Furthermore, it can be used to regulate 

the immune system to strengthen infection resistance [48, 49]. 

In addition to improving already existing therapeutically applicable technologies, nanotechnology 

has had a significant influence on the development of imaging techniques, early sickness detection, 

diagnosis, and prognosis. Diagnostic imaging using nanoparticles is one important use that improves 

imaging modalities Nanotechnology has the potential to improve cancer treatment modalities in radiation 

therapy by developing targeted therapy, producing photothermal therapy and drugs encapsulated in 

nanoparticles, lowering the side effects of conventional treatments, improving drug accumulation in 

tumor tissue, and lowering the side effects of chemotherapeutics. Before the patient does, nanosensors 

can identify heart attacks and strokes, and nanotechnology particles can continually scan the bloodstream 

for endothelial cells that may be present prior to an attack. Biomaterials, medical imaging, and 

diagnostics may all benefit from nanomedicine, opening up technical possibilities in the healthcare 

sector. Additionally, it can detect and stop a number of diseases, including cancer. However, it will need 

a great deal of effort to get these innovative techniques from the lab to mainstream medical treatment. 

By providing essential new tools for addressing the primary problems that older persons confront, 

nanomedicine is believed to have a significant role in enhancing and reducing the cost of healthcare. It 

is essential to guarantee that everyone has access to medications and treatments. The extensive use of 

nanotechnology in many industries, such as equipment and medicines, has sparked discussions about its 

benefits and drawbacks on a global scale [49]. 

Future scope 

With its ability to precisely identify and cure diseases, nanomedicine is an essential tool for 

customized medicine. It employs nanoscale materials for biomarkers and sensitive sensors, enabling 

accurate disease mapping and effective cell attack. However, prior to usage, it has to be monitored and 

assessed, including through multistage clinical investigations and toxicity evaluation. Additionally, 

sportsmen might utilize nanotechnology to measure muscle efficiency and enhance performance. 

However, scalability, quality control, reproductivity, and handling undesired byproducts are among the 

limits. Investment hesitancy, high expenses, and unclear health and environmental effects make it 

difficult to adopt. Concerns are raised over the long-term effects of nanotechnology on the body when it 

is applied in vivo [50]. 
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Conclusion 

An industry-wide revolution is occurring with the use of nanotechnology and sophisticated 

materials into wearable medical devices and medical fabrics. Nanocomposites, which comprise 

graphene, carbon nanotubes, and other nanomaterials, enable wearable technology, wound treatment, 

health monitoring, and antimicrobial clothing, among other advanced healthcare solutions. These 

nanocomposites have enhanced conductivity, flexibility, antibacterial activity, and mechanical qualities. 

However, issues including cost-effectiveness, durability under repeated usage, long-term 

biocompatibility, and scalability continue to be major obstacles to clinical application and broad 

commercialization. 

With research concentrating on creating affordable, biodegradable, and multipurpose 

nanomaterials, enhancing energy-harvesting technologies, and scalable production techniques, this topic 

has enormous potential for the future. Medical textiles that use artificial intelligence (AI) and the Internet 

of Things (IoT) could improve patient comfort and care by enabling real-time health monitoring and 

predictive healthcare solutions. By prioritizing preventive population health management, minimizfing 

side effects, and optimizing therapeutic efficacy, nanotechnology is spearheading the transformation in 

healthcare. It can be used to detect, treat, and treat tumors through gene therapy. It is used in many 

different industries, including the creation of vaccinations, medicine administration, wearable 

technologies, imaging and diagnostic equipment, and antimicrobial items. There are a ton of potential 

markets and advantages when regular anti-cancer medications are combined with nanoscale technology 

that can be transported intact and circulated inside the brain. Nanomaterials, which are materials with 

one or more peripheral nanoscale dimensions (1–100 nm), are rapidly and steadily growing because of 

their unique properties, which open up a wide range of applications and have the potential to transform 

several scientific and technological domains. However, there are significant technological and regulatory 

obstacles to the current use of nanotechnology in medications and medical devices. 
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