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Abstract: Nanomaterials have emerged as transformative tools in biomedical diagnostics,
offering significant advancements in the accuracy, sensitivity, and versatility of diagnostic
technologies. Their unique properties, such as high surface area, biocompatibility, and
functionalization capabilities, enable enhanced detection of biomarkers and early disease
diagnosis. This book chapter explores the role of nanomaterials in the development of
diagnostic devices, focusing on their applications in biosensors, imaging technologies, and
wearable health monitoring systems. Additionally, it examines their potential for personalized
medicine and point-of-care diagnostics. Despite these promising advancements, challenges
related to biocompatibility, scalability, regulatory concerns, and cost must be addressed.
Looking forward, the integration of artificial intelligence with nanomaterials and innovations
in miniaturization and flexibility of diagnostic devices offer exciting possibilities for smarter,
more accessible healthcare. This review highlights the current state of nanomaterial-based
diagnostics, future directions, and the barriers that must be overcome to realize their full
potential in clinical practice.
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I. Introduction

A. Overview of Biomedical Instrumentation

Biomedical instrumentation refers to the devices and technologies used for the diagnosis,
treatment, and monitoring of human health. These instruments are essential in medical
practices, providing real-time information and enabling physicians to make accurate and
timely decisions. The evolution of biomedical instrumentation can be traced from the
traditional tools like stethoscopes and thermometers to advanced devices such as diagnostic
imaging systems, portable biosensors, and wearable health monitors (Zhou et al., 2017). The
development of such instruments has significantly enhanced medical diagnostics, treatment
planning, and disease monitoring. Modern biomedical devices increasingly incorporate
nanotechnology to achieve higher precision, miniaturization, and improved functionality
(Zhu et al., 2016). This shift towards more advanced, smarter devices is pivotal in improving
healthcare outcomes, particularly in the early detection of diseases such as cancer,

cardiovascular conditions, and infectious diseases (Li et al., 2020).

B. Importance of Diagnostics in Healthcare

Diagnostics play a crucial role in healthcare as they form the foundation of accurate disease
detection, prevention, and management. Early and accurate diagnostics are critical to
improving patient outcomes by enabling timely interventions, which can significantly reduce
morbidity and mortality rates. For instance, early detection of cancers through advanced
diagnostic tools has been shown to increase survival rates (Smith et al., 2018). Traditional
diagnostic methods, such as blood tests, imaging techniques, and biopsies, have limitations in
terms of sensitivity, specificity, and speed (Singh & Kaur, 2022). With increasing healthcare
demands, there is a need for more efficient and cost-effective diagnostic methods that can
provide results rapidly and at the point of care, which has driven the integration of
nanotechnology into biomedical instrumentation (Zhou et al., 2020). Nanomaterials, with
their unique properties, offer solutions to many of these challenges by enabling devices that

are more sensitive, portable, and capable of detecting diseases at an early stage.

C. Emergence of Nanomaterials in Biomedical Applications
Nanomaterials have gained significant attention in the biomedical field due to their unique
properties, such as high surface area-to-volume ratio, biocompatibility, and the ability to

functionalize for specific biological targets. These materials, which include nanoparticles,
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nanowires, and nanocomposites, have been explored for a wide range of biomedical
applications, including drug delivery, imaging, biosensing, and diagnostics (Kumar et al.,
2019). The small size of nanomaterials allows them to interact with biological systems at the
molecular level, enabling precise targeting and enhanced diagnostic sensitivity.
Nanomaterials also offer the advantage of multiplexing, allowing for the simultaneous
detection of multiple biomarkers or diseases (Jiang et al., 2021). Recent studies highlight the
growing role of nanomaterials in developing more efficient, non-invasive diagnostic devices
that can be used in clinical settings and point-of-care applications (Li et al., 2020). The
incorporation of nanomaterials into diagnostic tools not only improves the accuracy of
disease detection but also accelerates the process, leading to faster diagnoses and better

clinical outcomes (Chen et al., 2021).

D. Objective of the Book chapter: Exploring the Role of Nanomaterials in Advancing
Diagnostic Technologies

The primary objective of this book chapter is to explore the role of nanomaterials in
advancing biomedical instrumentation, particularly in diagnostics. As the healthcare industry
seeks smarter, more efficient ways to detect and monitor diseases, nanomaterials are
emerging as a key technology in driving innovation in diagnostic tools. This book chapter
aims to discuss the types of nanomaterials used in biomedical instrumentation, their
properties, and how they are revolutionizing diagnostic technologies. Specifically, the book
chapter will examine the integration of nanomaterials in biosensors, imaging devices, and
portable diagnostic systems, focusing on their ability to improve diagnostic accuracy, speed,
and accessibility. Furthermore, the book chapter will address the challenges of integrating
nanomaterials into clinical practice, such as biocompatibility, scalability, and regulatory
issues, while also looking at future trends and innovations in the field. This review of
nanomaterials in biomedical diagnostics is intended to provide a comprehensive
understanding of how nanotechnology can contribute to smarter diagnostics and improve

healthcare outcomes (Kumar et al., 2019).

I1. Background on Nanomaterials

A. Definition and Types of Nanomaterials
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Table 1: Types of Nanomaterials Used in Biomedical Applications

Nanomaterial Description Biomedical Application
Type

Nanoparticles Particles with sizes ranging from 1 to 100 nm, | Drug delivery, diagnostic
available in various shapes like spherical, rod, | imaging, biosensing, and gene
or core-shell structures. therapy.

Nanotubes Cylindrical nanomaterials with high surface Targeted drug delivery, bio-
area and mechanical strength, typically made | sensing, and tissue engineering.
of carbon (CNTs) or polymers.

Nanowires One-dimensional nanomaterials with high Electrochemical sensors, DNA
conductivity and flexibility. detection, and biosensors.

Nanocomposites | Materials combining nanoparticles with Tissue scaffolds, enhanced drug

polymers, metals, or ceramics to enhance
properties like strength or conductivity.

release, and bioelectronics.

Quantum Dots

Nanoscale semiconductor particles with
unique optical properties.

Imaging and diagnostic
applications, such as
fluorescence and bioimaging.

Graphene A single layer of carbon atoms arranged in a Drug delivery systems,
two-dimensional lattice. biosensors, and medical
implants.
Liposomes Nanocarriers formed by lipid bilayers. Drug delivery, vaccine delivery,
and targeting specific tissues.
Dendrimers Branched, tree-like nanomaterials with high Drug delivery, gene therapy,

surface area for functionalization.

and imaging.

Nanomaterials refer to materials with structures or components that have at least one

dimension in the range of 1-100 nm. Their unique properties arise from their small size, large

surface area, and high reactivity, which are different from bulk materials. Nanomaterials are

classified into different types, each serving specific roles in biomedical applications.

1. Nanoparticles

Nanoparticles are particles with a size range between 1 and 100 nanometers. They can be

made from various materials such as metals (e.g., gold, silver), ceramics, and polymers.

Nanoparticles can be engineered for various biomedical purposes, such as drug delivery,

biosensing, and imaging. For instance, gold nanoparticles (AuNPs) have been used

extensively in biosensors for detecting cancer biomarkers due to their surface plasmon
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resonance properties, which enhance detection sensitivity (Al-Joufi et al., 2020). Silver
nanoparticles (AgNPs) are also utilized for their antimicrobial properties in diagnostic

applications (Vigneshwaran et al., 2020).

2. Nanotubes and Nanowires

Nanotubes, particularly carbon nanotubes (CNTs), are cylindrical structures with exceptional
mechanical, electrical, and thermal properties. CNTs have been used in biomedical sensors
and imaging applications due to their high conductivity and large surface area (Cheng et al.,
2021). Nanowires, typically metallic or semiconducting, have been used to build highly
sensitive nanoscale biosensors. They allow for the detection of molecular interactions at low

concentrations, making them ideal for early disease diagnostics (Zhou et al., 2018).

3. Nanocomposites

Nanocomposites are materials composed of nanoparticles combined with other materials
(such as polymers or metals). These materials exhibit enhanced mechanical, electrical, and
optical properties compared to their individual components. In biomedical instrumentation,
nanocomposites have been used to create highly sensitive and durable sensors for detecting
biological markers (Rao et al., 2019). For instance, polymer-based nanocomposites are used
in biosensors to enhance their selectivity and stability in detecting pathogens or disease

markers (Srinivasan et al., 2022).

B. Properties of Nanomaterials Relevant to Biomedical Applications
Nanomaterials exhibit unique properties that make them especially suitable for biomedical

applications, including diagnostics.

1. High Surface Area-to-Volume Ratio

Nanomaterials have an extremely high surface area-to-volume ratio, which is beneficial for
drug delivery, biosensing, and diagnostics. The high surface area allows for more
functionalization sites, enabling better interaction with biological molecules. This property is
particularly useful in the development of biosensors for detecting minute concentrations of

biomarkers (Jiang et al., 2021).

2. Biocompatibility
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Biocompatibility is crucial for any material used in biomedical applications, as it ensures that
the material does not induce an adverse immune response. Many nanomaterials, such as gold
nanoparticles and silica nanoparticles, exhibit excellent biocompatibility, which allows them
to be safely incorporated into biomedical devices (Barros et al., 2020). This property is
essential for ensuring the long-term use of nanomaterials in diagnostic tools without causing

toxicity or inflammation in the body.

3. Functionalization and Targeting Capabilities

Nanomaterials can be functionalized with various molecules (e.g., antibodies, peptides, DNA
strands) to target specific biological markers. This targeting capability makes nanomaterials
highly efficient in disease detection, particularly for cancer and infectious diseases, where
they can selectively bind to the target molecules at the disease site, enhancing the sensitivity
and specificity of diagnostic devices (Li et al., 2019). Nanoparticles functionalized with

specific ligands can be used to improve the detection of disease markers with high precision.

C. Historical Development of Nanomaterials in Biomedicine

The concept of nanotechnology in biomedicine dates back to the early 1980s, but significant
advancements have been made in the last two decades. Early research primarily focused on
the use of nanoparticles for drug delivery and imaging (Liu et al., 2018). Over time, the
application of nanomaterials has expanded to include diagnostics, with nanomaterials
becoming central to the development of more accurate and sensitive diagnostic tools. Recent
progress has been marked by the development of nanomaterial-based biosensors that can
detect specific biomarkers at lower concentrations than traditional diagnostic tools (Rao et al.,
2019). The increasing use of nanomaterials in diagnostics is also due to their ability to be
integrated into portable and wearable devices, making them accessible for point-of-care

applications (Chen et al., 2021).

I11. Nanomaterials in Biomedical Instrumentation
A. Integration of Nanomaterials in Diagnostic Devices
Nanomaterials have revolutionized the field of biomedical instrumentation by being

incorporated into diagnostic devices to improve sensitivity, portability, and specificity.

1. Biosensors
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Nanomaterial-based biosensors are among the most widely used diagnostic tools. These
sensors can detect specific biomolecules associated with diseases such as cancer, diabetes,
and infections. The use of nanomaterials enhances the biosensor's sensitivity and selectivity
by increasing the interaction sites between the biomolecule and the sensor (Liu et al., 2020).
Gold nanoparticles, for example, have been used in colorimetric biosensors for detecting

DNA, proteins, and other biomolecules (Zhu et al., 2019).

2. Imaging Technologies (e.g., MRI, CT, Optical Imaging)

Nanomaterials are increasingly used to enhance imaging technologies, enabling better
visualization and more accurate diagnostics. Magnetic nanoparticles are widely used in MRI
to improve the contrast and resolution of images, allowing for the detection of small lesions
(Zhao et al., 2021). Similarly, quantum dots, which are semiconductor nanoparticles, are used

in fluorescence imaging for early detection of cancer cells (Wang et al., 2019).

3. Wearable Health Monitoring Systems

Nanomaterials have also been integrated into wearable health monitoring systems, which
allow for continuous tracking of health parameters. Flexible and stretchable nanomaterial-
based sensors can monitor biomarkers like glucose or lactate in real-time, providing valuable
data for chronic disease management (Yao et al., 2020). These devices offer a non-invasive

and portable solution for diagnostics, making them ideal for point-of-care applications.

B. Enhancement of Diagnostic Accuracy and Sensitivity
Nanomaterials enhance diagnostic accuracy by enabling the detection of biomarkers at lower

concentrations and improving sensitivity, which is crucial for early disease detection.

1. Detection of Biomarkers at Low Concentrations

Nanomaterials, particularly nanoparticles, enhance the sensitivity of diagnostic devices by
enabling the detection of biomarkers at lower concentrations than traditional methods. For
example, gold nanoparticles are often used in immunoassays to detect biomarkers in very low
concentrations, which is especially useful in detecting cancer markers at an early stage (Pang
et al., 2020). Nanomaterial-based biosensors can detect trace amounts of substances,

improving the chances of early diagnosis.
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2. Early Disease Detection (e.g., Cancer, Infections)

The ability to detect diseases such as cancer and infections at an early stage is one of the most
promising applications of nanomaterials in diagnostics. By enhancing sensitivity,
nanomaterial-based diagnostic tools can identify biomarkers long before clinical symptoms
appear. For example, magnetic nanoparticles have been used to capture tumor-specific
biomarkers, enabling early cancer detection (Gupta et al., 2022). This early detection is

crucial for improving treatment outcomes and survival rates.

C. Role in Point-of-Care Diagnostics
Nanomaterials are central to the development of point-of-care diagnostic tools that allow for
rapid testing and on-site analysis, reducing the time and cost associated with traditional

laboratory-based diagnostics.

1. Portable Diagnostic Devices

Nanomaterials enable the development of portable diagnostic devices that can be used at the
point of care, such as in remote or under-resourced settings. These devices are often compact,
user-friendly, and capable of performing complex diagnostic tests (Zhou et al., 2020). For
example, portable glucose monitors for diabetes management often use nanomaterial-based

sensors to detect glucose levels in real-time (Cao et al., 2020).

2. Rapid Testing and On-Site Analysis

The integration of nanomaterials into diagnostic devices accelerates the testing process,
providing results in minutes rather than hours or days. This rapid testing is crucial in
emergency situations, such as infectious disease outbreaks, where fast diagnosis can lead to
more effective interventions. For instance, rapid nanoparticle-based biosensors for detecting
pathogens like Zika virus or COVID-19 are becoming increasingly important for public
health (Rani et al., 2021).

IV. Applications of Nanomaterials in Diagnostics

Nanomaterials have shown remarkable potential across various diagnostic applications,
particularly in the development of more sensitive and efficient diagnostic tools. These
applications span from sensors and detectors to advanced imaging and genetic testing

techniques.
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A. Nanomaterial-Based Sensors and Detectors

1. Electrochemical Sensors

Electrochemical sensors utilizing nanomaterials are widely used for the detection of
biological molecules such as glucose, nucleic acids, and proteins. Nanomaterials like gold
nanoparticles, carbon nanotubes, and graphene have been incorporated into electrochemical
sensors to enhance the sensitivity and specificity of biosensors. The large surface area of
these materials allows for higher adsorption of target molecules, leading to more accurate
readings (Yang et al., 2021). Gold nanoparticles, for example, can be functionalized with
specific antibodies, making them ideal for detecting disease biomarkers such as those for

cancer or diabetes (Cheng et al., 2020).

2. Optical Sensors (e.g., Surface Plasmon Resonance)

Optical sensors, including those based on surface plasmon resonance (SPR), utilize
nanomaterials to enhance signal detection. SPR sensors, which detect changes in the
refractive index near a surface, have been combined with nanomaterials like gold and silver
nanoparticles to detect minute concentrations of biomarkers. These nanoparticles amplify the
optical signal, enabling the detection of disease markers at extremely low levels (Smith et al.,
2021). SPR sensors combined with nanoparticles have applications in cancer detection, viral

infections, and environmental monitoring (Zhao et al., 2020).

B. Nanoparticles in Imaging Techniques

1. Magnetic Nanoparticles for MRI Enhancement

Magnetic nanoparticles are particularly useful in enhancing the sensitivity of Magnetic
Resonance Imaging (MRI). These nanoparticles, often made of iron oxide, can be designed to
bind to specific tissues or tumors, improving the contrast of the MRI image. This leads to
better visualization of structures and the early detection of diseases such as cancer. Research
has shown that superparamagnetic nanoparticles can significantly improve MRI resolution,
enabling the detection of smaller lesions that would otherwise be missed (Thakor et al.,

2020).
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Figure 1: Nanoparticles in Imaging Technologies for Diagnostics

2. Quantum Dots in Fluorescence Imaging

Quantum dots, semiconductor nanoparticles, are used in fluorescence imaging to improve the
resolution and sensitivity of imaging systems. Their unique optical properties, such as size-
tunable fluorescence, make them ideal for tracking specific biomarkers or cells in vivo.
Quantum dots can be used in a variety of applications, including cancer detection, gene
expression analysis, and pathogen identification. Their bright, stable fluorescence signals
allow for multi-color imaging, which is particularly valuable in complex diagnostic systems

(Park et al., 2019).

C. Nanomaterials in DNA/RNA Detection

1. Nanoarrays and Biosensors for Genetic Testing

Nanoarrays, which are arrays of nanoscale sensors, are gaining popularity for genetic testing
due to their ability to detect low quantities of DNA or RNA. Nanomaterials like carbon

nanotubes, gold nanoparticles, and graphene are used in these systems to enhance the

VOL. 2 ISSUE 1, 2023 il



International Journal Of Applied Engineering Research Transaction ISSN (Print): 2957-9325, ISSN (Online): 2957-9333

sensitivity of genetic assays. For example, gold nanoparticles are functionalized with
complementary DNA sequences, which can then bind to target DNA sequences from a
sample. This allows for the detection of specific genetic markers associated with diseases like

cancer, genetic disorders, and viral infections (Lu et al., 2021).

2. Pathogen Detection Using Nanoparticles

Nanoparticles are also widely used for the detection of pathogens, such as bacteria and
viruses, through DNA-based methods. The nanoparticles, often functionalized with probes
that recognize specific pathogen DNA or RNA, can rapidly detect infectious agents. This is
particularly useful in diagnostic applications for diseases like tuberculosis, HIV, or COVID-
19, where quick and accurate pathogen identification is crucial for effective treatment (Shi et
al., 2021). Additionally, nanoparticle-based detection systems can be integrated into portable

diagnostic devices, offering rapid point-of-care testing.

V. Challenges in the Use of Nanomaterials for Diagnostics
While nanomaterials have shown immense promise in advancing diagnostic technologies,

several challenges need to be addressed for their widespread implementation.

A. Biocompatibility and Toxicity Concerns

One of the primary concerns with nanomaterials in diagnostics is their potential toxicity and
the risks they pose to human health. Many nanomaterials, particularly metallic nanoparticles,
can induce immune responses or cause cellular damage if not properly engineered. The small
size of nanoparticles allows them to easily penetrate cells and tissues, which raises concerns
about their long-term effects on the body (Liu et al., 2020). To mitigate these risks, it is
essential to develop biocompatible and non-toxic nanomaterials through surface modification

or coating, ensuring their safe use in biomedical applications (Choi et al., 2021).

B. Scalability and Reproducibility in Manufacturing

Another challenge is the scalability and reproducibility of nanomaterial-based diagnostic
devices. While nanomaterials can be synthesized in small batches with high precision, scaling
up production to meet commercial and clinical demands remains difficult. Additionally,
ensuring consistent quality and reproducibility in manufacturing is crucial for the reliability

of diagnostic tools. Variability in the properties of nanomaterials, such as size or surface

VOL. 2 ISSUE 1, 2023 [k



International Journal Of Applied Engineering Research Transaction ISSN (Print): 2957-9325, ISSN (Online): 2957-9333

functionalization, can lead to inconsistencies in performance (Xie et al., 2020). Therefore,
advancements in nanomanufacturing technologies are necessary to make these devices widely

accessible.

C. Regulatory and Ethical Issues

The use of nanomaterials in diagnostics raises several regulatory and ethical concerns.
Nanomaterials are often subject to different regulatory standards than traditional medical
devices, and there is a lack of clear guidelines on their safety and efficacy. Regulatory bodies
like the U.S. Food and Drug Administration (FDA) and the European Medicines Agency
(EMA) are still developing frameworks for evaluating nanomaterial-based medical devices.
Ethical concerns also arise, particularly related to the potential for misuse in genetic testing
and data privacy issues (Schneider et al., 2020). Addressing these concerns requires ongoing

collaboration between researchers, regulatory agencies, and ethicists.

D. Cost and Accessibility of Nanomaterial-Based Diagnostic Tools

While nanomaterial-based diagnostic tools offer significant advantages in terms of sensitivity
and portability, their cost remains a significant barrier to widespread adoption, particularly in
low-resource settings. The synthesis and functionalization of nanomaterials can be expensive,
and the integration of these materials into diagnostic devices often increases production costs.
As a result, there is a need for cost-effective manufacturing methods and strategies to reduce
the cost of nanomaterial-based diagnostic tools. Additionally, making these technologies
accessible to underprivileged populations is essential for maximizing their global impact (Liu

etal., 2022).

VI. Future Directions in Nanomaterial-Based Diagnostics
The field of nanomaterials in diagnostics continues to evolve, offering promising avenues for
improving medical diagnoses. As technology progresses, new innovations and integrated

systems are expected to make diagnostics more precise, accessible, and personalized.

A. Innovations in Nanomaterial Design and Functionalization
The future of nanomaterial-based diagnostics will involve continued innovations in the
design and functionalization of nanomaterials. Researchers are focusing on creating

nanomaterials with enhanced properties, such as increased biocompatibility, better targeting
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capabilities, and more efficient detection of biomarkers. For example, novel nanoparticles
with multifunctional properties, like magnetic and optical capabilities, are being developed
for simultaneous imaging and therapeutic applications (Khan et al., 2023). Functionalization,
where nanomaterials are coated or modified with biological molecules (e.g., antibodies,
peptides), allows for better specificity in detecting diseases at earlier stages, providing a

pathway for more effective treatments (Jiang et al., 2021).

B. Integration of Artificial Intelligence with Nanotechnology for Smarter Diagnostics

The integration of artificial intelligence (Al) with nanotechnology promises to revolutionize
diagnostics. Al can enhance the analysis of data generated by nanomaterial-based diagnostic
tools, enabling faster, more accurate decision-making. Machine learning algorithms can
analyze large datasets from nanosensors, imaging technologies, and diagnostic devices to
identify patterns and predict health conditions with greater precision (Zhang et al., 2022). For
example, Al-enhanced nanomaterials could help detect early signs of diseases like cancer or
neurological disorders by processing complex data from nanoscale sensors embedded in

wearable diagnostic systems (Wang et al., 2022).

C. Potential for Personalized Medicine Through Nanomaterial-Based Diagnostics

Nanomaterials offer significant potential for advancing personalized medicine. By tailoring
nanomaterial-based diagnostic devices to individual patients’ genetic and molecular profiles,
healthcare providers can deliver more effective and targeted treatments. Nanomaterial-based
diagnostics can provide real-time insights into a patient's health status, enabling doctors to
adjust treatments based on the patient's response. Personalized diagnostics could include
nanoparticle-based tests for cancer biomarkers or genetic mutations, facilitating early
detection and treatment (Chen et al., 2021). As nanotechnology progresses, personalized
medicine will become more accessible, potentially improving patient outcomes and

minimizing adverse effects of treatments.

D. Advancements in Miniaturization and Flexibility of Diagnostic Devices

Miniaturization and flexibility are crucial for the development of portable diagnostic devices.
Nanomaterials play a key role in this trend, as they enable the creation of compact,
lightweight, and flexible diagnostic platforms that can be used at the point of care. Advances

in flexible electronics, using nanomaterials like graphene and carbon nanotubes, are paving
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the way for diagnostic devices that are not only portable but also comfortable for continuous
monitoring (Yang et al., 2022). These miniaturized devices could be used for real-time
monitoring of chronic conditions like diabetes or heart disease, making diagnostics more

accessible and efficient, particularly in low-resource settings.

VII. Conclusion

Nanomaterials are reshaping the landscape of biomedical diagnostics, providing tools that are
more sensitive, specific, and versatile than ever before. Their integration into diagnostic
devices holds the promise of revolutionizing healthcare by enabling early detection,
personalized medicine, and more accurate disease monitoring. The potential applications of
nanomaterials in diagnostics, from sensors and imaging technologies to genetic testing, are
vast, offering a glimpse into the future of medicine where diagnostic tools are smarter, faster,

and more accessible.

However, despite their significant advantages, challenges such as biocompatibility,
manufacturing scalability, and cost remain. To fully realize the potential of nanomaterial-
based diagnostics, researchers must continue to innovate in nanomaterial design, address
safety concerns, and ensure that these technologies can be produced and distributed on a

global scale.

As we look to the future, the combination of nanotechnology and artificial intelligence, along
with advancements in miniaturization, will continue to drive improvements in diagnostic
tools. These innovations will not only enhance the speed and accuracy of diagnoses but also
pave the way for more personalized, patient-centric healthcare solutions. Ultimately,
nanomaterial-based diagnostics could contribute to a new era of precision medicine,

transforming healthcare as we know it.
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