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Abstract
Nanotechnology is a scientific field focused on studying and manipulating matter at very small scales, ranging from one to one hundred nanometers. This technology allows scientists to develop systems that can be used in biological research. By working with materials at the nano level and exploring their interactions, nanotechnology has led to advancements in creating useful materials, structures, and devices. It has also contributed to the development of concepts such as nanoparticles, nanomaterials, and nanoscale technologies. This technology has the potential to bridge the gap between physics, chemistry, and biology by reshaping our current understanding. In the medical field, nanotechnology-based imaging equipment and methods show great promise in transforming medical diagnosis. These innovative technologies offer new insights into the human body at the cellular and molecular levels by utilizing nanoscale materials and electronics. Nanodiagnostics is an emerging application of nanotechnology that aims to meet the needs of clinical diagnostics. It can significantly enhance testing sensitivity, accuracy, and speed, providing valuable information about the underlying cause and state of diseases. In contemporary medicine, diagnostic imaging is essential for the early identification and accurate diagnosis of a wide range of disorders. Although conventional imaging methods like X-rays, MRIs, CTs, and ultrasounds have been widely used, they have drawbacks in terms of sensitivity, specificity, and the capacity to target certain biomarkers. In order to overcome these difficulties and transform diagnostic imaging, nanotechnology has emerged as a possible answer. This research article examines the tremendous improvements in diagnostic and imaging capabilities provided by nanotechnology over conventional approaches.
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Introduction
In the rapidly developing discipline of nanotechnology, matter at the nanoscale is manipulated and controlled. One nanometer, or one billionth of a meter, is equivalent to one billionth of a meter in size [1]. The structures and gadgets that are generally between 1 and 100 nanometers in size are dealt with. At this size, materials and systems may display distinctive characteristics and behaviors that diverge significantly from those seen in bulk matter [2]. The word "nanotechnology" comes from the prefix "nano," which is Greek for dwarf or little. K. Eric Drexler, a physicist, popularized it in the 1980s, and it has since developed into a multidisciplinary field of study with applications in a variety of industries, including electronics, medicine, materials science, energy, and environmental remediation, among others [3]. Nanotechnology is concerned with comprehending and working with materials at the atomic and molecular levels. To create new structures or give old ones special qualities, scientists and engineers use nanoparticles and nanomaterials [4]. Expertise from a variety of fields, including physics, chemistry, biology, engineering, and materials science, is combined in nanotechnology. Researchers may take on hard problems and come up with novel answers thanks to this multidisciplinary approach [5]. Diagnostic and imaging disciplines have been profoundly influenced by nanotechnology, which has provided creative methods to enhance sensitivity, specificity, and accuracy. Researchers and medical professionals have developed cutting-edge imaging and diagnostic tools by employing nanoparticles and nanomaterials [6].
The following are some applications of nanotechnology in imaging and diagnosis:
· Enhanced Contrast Agents
In a variety of imaging modalities, including magnetic resonance imaging (MRI), computed tomography (CT), and ultrasound, nanoparticles can function as incredibly powerful contrast agents. Better visibility and early detection of illnesses like cancer or cardiovascular conditions are made possible by the functionalization of these nanoparticles to target particular tissues or cells [7].
· Targeted Imaging and Therapy
With the ability to target certain cells or tissues, nanoparticles provide more specialized imaging and therapeutic possibilities. For example, superparamagnetic iron oxide nanoparticles can be employed for focused contrast amplification in MRI. These nanoparticles may preferentially aggregate in tumor tissues by being coated with certain ligands, which enhances the identification and characterisation of malignant cells [8].
· Biosensors and Point-of-Care Devices
High sensitivity and selectivity can be used by nanoscale sensors and devices to identify certain biomolecules or diseases. These biosensors may be built into mobile point-of-care systems, allowing for quick and affordable diagnosis of a range of illnesses, including infectious infections [9].
· Imaging in Real- Time 
Real-time imaging of biological processes is made possible by the use of quantum dots and other fluorescent nanomaterials. Researchers can see cellular activity, protein interactions, and gene expression in living creatures for extended periods of time thanks to their brilliant and sustained fluorescence qualities [10].
· Early Disease Detection
Diagnostic tools based on nanotechnology can identify illnesses at an early stage when symptoms may not be visible using traditional techniques. Early identification has the potential to save treatment costs while considerably improving patient outcomes [11].
· Liquid Biopsies
Nanotechnology improves liquid biopsy methods that examine blood or other bodily fluids for biomarkers. Exosomes, nucleic acids, or circulating tumor cells are just a few examples of the kinds of biomolecules that nanoparticles might assist identify and collect. This information regarding disease progression and therapeutic response is very useful [12].
·  In Vivo Imaging
Nanoparticles are appropriate for in vivo imaging because they may be created to be biocompatible and non-toxic. These nanoparticles may be introduced into the body to provide high-resolution images of organs, tissues, or even cellular processes [13].
· Microfluidics and Lab-on-a- Chip
Microfluidic devices and lab-on-a-chip technologies, which enable automated, automated diagnostic testing with smaller sample quantities, quicker turnaround times, and miniaturized testing, have been made possible because to nanotechnology [14].
· Multimodal Imaging
Multimodal imaging agents, which may include many imaging modalities into a single probe, have been made possible by nanotechnology. The sensitivity and specificity of these multimodal probes can be improved by offering supplementary data from several approaches. Fluorescence microscopy and magnetic resonance imaging (MRI) may both be used simultaneously with a nanoparticle-based probe that combines optical and magnetic characteristics [15].
The field of diagnostics and medical imaging might undergo significant change as a result of the ongoing advancements in nanotechnology. With continued study and development, nanotechnology-based treatments are probably going to play an increasingly bigger role in early illness identification, individualized therapy, and better patient outcomes [16]. The discipline of diagnostic imaging has benefited greatly from nanotechnology, which has helped to expand capabilities and overcome limitations of earlier methods. The way illnesses are identified and treated is being revolutionized by nanotechnology through improved sensitivity and specificity, targeted imaging and therapy, multimodal imaging, and theranostics [17].

Conventional v/s Nanotechnology based diagnosis and Imaging
The foundation of contemporary medicine has for many years been traditional imaging and diagnosing methods. The development of diagnostic and imaging techniques based on nanotechnology, however, has shown promise and has a number of benefits over traditional approaches [18]. Conventional approaches frequently rely on larger-scale instruments and agents that might not be sensitive enough to identify illnesses in their early stages or subtle changes in the body. On the other hand, approaches based on nanotechnology use materials and nanoparticles that can provide greater sensitivity and specificity. More precise diagnoses are made possible by these nanoscale agents' ability to target certain cells or biomarkers [19]. In contrast to traditional imaging methods like X-rays or CT scans, nanotechnology-based imaging systems like quantum dots or nanoprobes can offer greater resolution imaging. Since cellular and molecular structures may be more clearly seen at the nanoscale scale, early illness identification and accurate localization of abnormalities are made possible [20]. Imaging and diagnostics based on nanotechnology have the potential to be less intrusive than current techniques. There is less need for intrusive treatments like biopsies when some nanoscale compounds are delivered orally or intravenously [21]. Personalized medicine may be made possible by methods based on nanotechnology. Nanoparticles can be functionalized to transport particular medications, biomolecules, or imaging agents that target the distinct molecular profiles of various patients. This focused strategy could result in improved patient outcomes and more potent medical interventions [22]. Theranostics is the integration of therapeutic and diagnostic functions into a single system made possible by nanotechnology. This idea allows for simultaneous diagnosis and therapy, providing a more thorough method of controlling disorders [23]. Traditional diagnostic and imaging methods are well known, widely accessible, and reasonably priced. The expenses of research, manufacture, and implementation may be greater for nanotechnology-based techniques, which are still in the development stage. But as technology develops and production volumes increase, these prices could become more affordable [24]. Conventional diagnostic and imaging instruments have undergone extensive testing and have a clear regulatory clearance process. Due of their distinctive features and possible safety issues, nanotechnology-based techniques may encounter significant difficulties in obtaining regulatory clearance [25]. The possible safety issues connected to the usage of nanoparticles are a key factor in nanotechnology. The introduction of nanomaterials into the human body may have negative consequences, which are now being studied to better understand and prevent [26]. In conclusion, nanotechnology-based imaging and diagnostics hold enormous promise for transforming medicine by enabling enhanced sensitivity, accuracy, and the opportunity for individualized therapy. While conventional techniques continue to be the gold standard in many situations, continuous research and development in nanotechnology is anticipated to close the gap and open the door for more cutting-edge and efficient medical procedures in the future [27].



Table 1: Comparison between conventional diagnostic method and Nanotechnology based diagnostics and Imaging
	S.No.
	Aspects
	Conventional diagnostic and Imaging
	Nanotechnology based diagnosis and Imaging
	References

	1
	Sensitivity and Specificity
	Moderate to High
	High
	[19]

	2
	Time                consuming
	More time- consuming
	Less time- consuming
	[27]

	3
	Imaging resolution
	Limited
	High
	[23]

	4
	Radiation exposure
	More radiation exposure
	Decreased radiation exposure
	[27]

	5
	Non-Invasiveness
	Variable, often invasive
	Potential for non-invasive applications
	[21]

	6
	Sample required
	High volume
	low volume
	[25]

	7
	Personalized medicine
	Limited
	Promising for targeted therapies
	[19]

	8
	Theranostics
	Rarely integrated
	Enables simultaneous diagnosis and treatment
	[24]

	9
	Safety concerns
	Generally well- understood
	Ongoing research for potential risks
	[25]

	10
	Costs and Accessibility
	Widely available and affordable
	Higher costs, potential future scalability
	[24]



Different Type of Nanostructures Used in Nano diagnostic and Imaging
Nanostructures have significantly enhanced the sensitivity, specificity, and adaptability of detection and visualization in a variety of domains, revolutionizing diagnostics and imaging [28].  Nanostructures exist in zero‐dimensional (0D), one‐dimensional, (1D), and two‐dimensional (2D) system [ as shown in the figure 1] and due to their close resemblance to numerous biomolecules including nucleic acids, tiny proteins, and viruses in size, nanostructures are excellent for use in diagnostics [29]. Nanostructures are synthesized through top-down or bottom-up method. The top-down approach relies on mechanical size reduction to create nanostructures out of the materials. Bottom-up approach are based on assembling atoms to structure in a nanoscale range [30]. 
Some of the different type of nanostructures commonly used for diagnostics and Imaging are:
· Nanoparticles
In addition to metals (such as gold and silver), metal oxides (such as iron oxide), quantum dots, and polymers, nanoparticles can also be composed of other substances. The selectivity of nanoparticles as contrast agents is frequently increased in diagnostic and imaging procedures by functionalizing them with certain ligands or antibodies that target particular proteins or cells [31].
· Quantum Dots [QDs]
Semiconductor nanocrystals known as quantum dots have unusual optical characteristics, such as size-tunable fluorescence. When activated, they release light at certain wavelengths, making them excellent fluorescent markers for cellular and molecular imaging. Due to their narrow emission spectra and photostability, QDs have several uses in bioimaging [32].
· Nanoshells
Nanoshells are core-shell nanostructures with a metallic shell enclosing a dielectric core. By varying their size and shell thickness, nanoshells may have their optical characteristics precisely tailored. They are employed in imaging applications, including photothermal treatment, which uses light and heat to target and kill cancer cells [33].
· Nanocapsules
Nanocapsules are hollow nanostructures with a polymer or lipid shell that can contain therapeutic agents or imaging agents, shielding them from degradation and delivering them to specific targets. In imaging, nanocapsules can be loaded with contrast agents for improved visualization of tissues or organs [34].
· Liposomes
Sphere-shaped lipid bilayer vesicles are known as liposomes. Although they can also be utilized in imaging applications, they are frequently used in medication administration. With the ability to carry imaging agents, liposomes are useful diagnostic and therapeutic monitoring tools [35].
· Nanogels
Nanogels are networks of crosslinked polymer chains that may absorb and release things like medications or imaging agents in three dimensions. They can be designed for precise targeting in diagnostic and imaging applications and allow controlled release of chemicals [36].
· Dendrimers 
High-branched, symmetric dendrimers are macromolecules with a well-defined core-shell structure. They are useful instruments for targeted imaging and therapy because they may be functionalized with imaging agents or medications [37].
· Carbon Nanotubes
Cylindrical carbon structures called carbon nanotubes have special optical and electrical characteristics. Functionalization enables their usage as imaging probes, the delivery of contrast chemicals, or the interaction with biomolecules for detection [38].
· Superparamagnetic Nanoparticles
Strong magnetism is only displayed by superparamagnetic nanoparticles, which are frequently based on iron oxide, in the presence of an external magnetic field. In magnetic resonance imaging (MRI), they are employed as contrast agents to enhance the visibility of tissues and organs [39].
These nanostructures have considerably improved imaging and diagnostic capabilities, enabling researchers and doctors to identify illnesses at an early stage and precisely track treatment outcomes.
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               Fig. 1: Different type of nanostructures on the basis of dimensions
                            



1. Metallic Nanoparticles [MNPs] in Diagnosis and Imaging

Metallic nanoparticles have drawn the attention of scientists for more than a century, and they are now widely used in biological sciences for diagnostic and imaging [40]. Due to their somewhat restricted size and shape distribution, prolonged active period, dense surface functionalization, and capacity for optical or heat-based treatment techniques, metal-based NPs are particularly intriguing in the field of nanomedicines [41].
Due to their distinctive characteristics at the nanoscale, metallic nanoparticles have shown considerable promise in the realms of diagnostics and imaging. These nanoparticles may be designed to have certain qualities that suit a variety of medical imaging and diagnostic applications [42]. In a variety of imaging procedures, including computed tomography (CT), magnetic resonance imaging (MRI), and optical imaging, metallic nanoparticles, such as gold nanoparticles (AuNPs), iron oxide nanoparticles, and quantum dots, can act as contrast agents. They work well to improve picture contrast and the sensitivity and specificity of the imaging modality because of their capacity to interact strongly with X-rays, magnetic fields, or light [43]. Due to their distinctive plasmonic capabilities, gold and silver nanoparticles are very helpful in optical imaging. By adjusting the size and structure of plasmonic nanoparticles, one may modify their ability to absorb and scatter light at certain wavelengths. For application in surface-enhanced Raman scattering (SERS) spectroscopy and photoacoustic imaging, they are advantageous because to these characteristics. Strong MRI contrast is produced by superparamagnetic iron oxide nanoparticles (SPIONs), which are iron oxide nanoparticles with a high magnetic moment. They may be functionalized to precisely accumulate at the region of interest with targeting ligands, allowing the imaging of certain tissues or cells. Metallic nanoparticles can serve as delivery systems for medications and therapeutics [44]. To target sick cells or tissues, they can be functionalized with certain ligands or antibodies, and after being transported to the target spot, they can release their therapeutic payload in a regulated manner. Additionally, nanoparticles may be heated using outside stimuli (for example, gold nanoparticles can be heated using near-infrared light to cause hyperthermia for cancer therapy). Rapid and accurate point-of-care diagnostic assays have been created because to the special qualities of metallic nanoparticles [45]. These tests frequently utilize lateral flow assays or other formats in which the interaction of target analytes with nanoparticles results in the generation of a visual signal, facilitating diagnosis without the need for specialized apparatus. The ability of metallic nanoparticles to track cells or observe biological processes in vivo is being researched [46]. All things considered, metallic nanoparticles have the potential to transform medical imaging and diagnostics by giving doctors useful tools to enhance early detection, precise diagnosis, and individualized treatment of different diseases [47]. Prior to being extensively used in clinical settings, further study is still required to guarantee their safety, biocompatibility, and targeted administration. 
Several types of Metallic Nanoparticles are-

· Quantum Dots [ QDs]

Nanoparticles exhibiting special optical and electrical characteristics, such as brilliant and intense fluorescence, are called quantum dots (QDs), sometimes known as nano semiconductor crystals [48]. When a current is applied or exposed to light, QD emit light of a certain wavelength, the color they glow depend on their size [as shown in the Figure: 2]. Because of these properties they possess several medical applications such as molecular histopathology, disease detection, and biological imaging [49]. Quantum dots (QDs) are semiconductor nanocrystals that, as a result of their small size and quantum confinement phenomena, have unusual optical and electrical capabilities. They are useful in a variety of applications, including ion diagnostics and imaging, because to their characteristics [50]. Quantum dots can be utilized as ion-sensitive probes or contrast materials for various imaging techniques in the context of ion diagnostics and imaging. The sensitivity of quantum dots to particular ions may be controlled. These ions modify the quantum dot's fluorescence characteristics, such as the emission wavelength, intensity, or longevity, when they are present in the environment [51]. It is feasible to identify and calculate the ion concentration in a sample by observing these variations. This process is referred to as "quantum dot ion sensing [52]." In MRI, quantum dots can serve as contrast agents. The sensitivity and resolution of the imaging are increased when the quantum dots are added to an MRI contrast agent because they improve the contrast between various tissues or cell types. They are superior than conventional contrast agents because they may be developed to be more stable and to give continuous contrast enhancement [53]. In CT imaging, quantum dots can potentially be utilized as a contrast agent. Quantum dots may be specifically transported to certain tissues or organs by putting them into nanoscale carriers. This improves the visibility of anatomical structures and provides functional information. Nuclear imaging methods like positron emission tomography (PET) and single-photon emission computed tomography (SPECT) may also make use of quantum dots [54]. The quantum dots can operate as imaging agents for monitoring biological processes and identifying certain molecules or targets in vivo by adding radioactive isotopes. Due to their brilliant and photostable fluorescence characteristics, quantum dots are often utilized in fluorescence microscopy and bioimaging [55]. They are effective instruments for understanding biological processes at the cellular and molecular levels because they may be functionalized with certain ligands or antibodies to target particular cells or molecules [56].
It's crucial to remember that research on the use of quantum dots in ion diagnostics and imaging is continuing, and advances in nanotechnology and materials science are expanding the technology's potential and range of applications. When contemplating the employment of developing technologies in medical or biological applications, safety and biocompatibility issues are crucial.













[image: ]

Fig. 2: Quantum dot emits light of certain wavelength after being exposure to any light or current




· Gold nanoparticles [AuNPs]
Gold nanoparticles are tiny, composed of gold atoms, particles that are generally between 1 and 100 nanometers in size. Due to their tiny size and high surface area-to-volume ratio, these nanoparticles offer special characteristics and uses [57]. Gold nanoparticles may be produced in a wide range of sizes and forms, including spheres, rods, triangles, and others, each with its own unique properties [ as shown in the figure:3]. Localized surface plasmon resonance (LSPR), a process that occurs in gold nanoparticles, is what causes their vivid hues. By modifying the nanoparticles' size and shape, the LSPR effect may be controlled, making them suitable for usage in a variety of optical applications, including inks, dyes, and sensors [58]. There are several ways to create gold nanoparticles, including chemical reduction, laser ablation, and green synthesis, which uses biological agents like plants or microbes [59].
Gold nanoparticles have attracted a lot of interest in biology and medicine. They are utilized for imaging, diagnosis, and medicine delivery. They are desirable candidates for targeted medication administration to certain cells or tissues due to their tiny size and biocompatibility [60]. Gold nanoparticles can act as contrast agents in X-ray, computed tomography (CT), and photoacoustic imaging, among other imaging methods. Gold nanoparticles have a significant X-ray absorption response when exposed to radiation, which improves contrast in X-ray imaging. They are especially helpful in increasing the visibility of tissues or structures that might be challenging to discern otherwise [61]. Gold nanoparticles are useful for multimodal imaging because they can be made to transport magnetic nanoparticles. MRI and optical imaging may be performed simultaneously thanks to the use of magnetic nanoparticles and gold, giving further data on the architecture and functions of tissues [62]. In the construction of biosensors for the detection of diverse analytes, such as proteins, DNA, RNA, and tiny molecules, GNPs are widely utilized. The quick and accurate detection of illnesses or infections is made possible by functionalized gold nanoparticles' ability to attach to certain targets and provide a quantifiable signal, such as a change in color or fluorescence. Targeting certain cell receptors or tissues, ligands or antibodies can be added to gold nanoparticles [63]. This characteristic enables focused accumulation with improved imaging and potential for tailored treatment. Due to their simplicity and quick turnaround, gold nanoparticle-based diagnostic tests are adaptable for use in point-of-care settings. These tests may be created to find infectious organisms, illness biomarkers, and a number of other situations. It is possible to create gold nanoparticles that can both absorb and scatter light in the visible and near-infrared (NIR) spectrums [64]. Due to this characteristic, they may be employed in optical imaging processes including surface-enhanced Raman spectroscopy (SERS) and fluorescence microscopy. GNPs with the right surface coatings can target certain biomarkers, allowing for very sensitive and targeted imaging of cellular and molecular processes [65].
Although gold nanoparticles have promising opportunities for diagnostic and imaging applications, there are still issues with toxicity, clearance, and long-term safety that must be fully resolved before they are widely used in clinical settings. Research is still being done to improve their characteristics and solve these problems, making them even more reliable and secure for use in medical applications [66].
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Fig. 3: Various forms of gold nanoparticles [AuNPs]

· Silver Nanoparticles
Atoms of silver make up the majority of silver nanoparticles, which are nanoscale particles. They exhibit distinct physical, chemical, and biological characteristics as a result of their tiny size and high surface area to volume ratio [67]. Due to their potent antibacterial properties, silver nanoparticles are able to prevent the growth of a wide variety of bacteria, viruses, and fungi. They are utilized as additives in optical coatings, sensors, and conductive inks [68]. For the detection of diverse biomolecules, silver nanoparticles are frequently utilized as a sensing platform in biosensors. AgNPs can have their surface functionalized with certain ligands, antibodies, or nucleic acids to allow for the selective detection of target analytes such proteins, DNA, RNA, and other biomarkers [69]. When the nanoparticles connect to the target molecules, their optical characteristics change, which may be easily detected to provide a sensitive and quick diagnostic tool. In a variety of imaging techniques, such as optical imaging, magnetic resonance imaging (MRI), and computed tomography (CT) scans, silver nanoparticles can act as contrast agents [70]. They can increase imaging contrast, resulting in better vision and identification of certain tissues or cells, thanks to their potent visible and near-infrared absorption and scattering capabilities. It is well known that AgNPs can improve the Raman signals of adjacent molecules. In SERS, the Raman signals are greatly enhanced when molecules of interest are adsorbed onto the surface of silver nanoparticles, allowing for the highly sensitive detection of trace levels of analytes. Pathogens, contaminants, and other illness indicators can all be found using this method [71]. Strong light-absorbing abilities are present in silver nanoparticles, especially in the near-infrared range. AgNPs have the ability to transform laser light of particular wavelengths into heat, resulting in localized hyperthermia, when exposed to the light [72]. In photothermal treatment, this photothermal phenomenon may be used to specifically destroy cancer cells while preserving healthy surrounding tissues. Specific tissues or cell types can be targeted for molecular imaging by conjugating targeting ligands, such as antibodies or peptides, to the surface of AgNPs [73]. The specificity and accuracy of imaging are improved with this tailored approach, supporting the early diagnosis of illness and individualized therapy.

2. Superparamagnetic Nanoparticles 
A subclass of nanoparticles with unusual magnetic characteristics is known as superparamagnetic nanoparticles. Due to quantum effects and size confinement, materials can exhibit unique properties at the nanoscale that are very different from those of their bulk counterparts [74]. Iron oxide (Fe3O4) and magnetite (Fe2O3) are two magnetic minerals that frequently make up superparamagnetic nanoparticles, while other substances can also be superparamagnetic [as shown in figure: 4]. Superparamagnetism is an intriguing phenomena that happens at the nanoscale in some materials. It describes the behavior of magnetic nanoparticles or nanoclusters when they behave more like individual atomic magnets than like a bulk magnet collectively, exhibiting magnetic characteristics comparable to those of individual atomic magnets [75]. Superparamagnetic nanoparticles (SPNs) have demonstrated significant promise in a range of biological applications, notably in the areas of imaging and diagnostics [76]. These nanoparticles have special magnetic characteristics that make them ideal for these uses. MRI contrast agents can be made using superparamagnetic nanoparticles, frequently coated with biocompatible substances [77]. The contrast in MRI images can be improved by these nanoparticles, enabling a clearer view of tissues and organs. SPNs are particularly helpful for emphasizing particular anatomical locations or spotting aberrant tissues like malignancies in MRI images due to the strong magnetic characteristics that cause darkening effects [78]. A developing imaging method called magnetic particle imaging produces high-resolution pictures by using the magnetic characteristics of nanoparticles. Superparamagnetic nanoparticles are perfect for MPI because they have a high magnetic field response that enables accurate imaging [79]. MPI has the ability to provide high-sensitivity real-time imaging, which may be useful in a number of diagnostic applications. The therapeutic method of magnetic hyperthermia, which involves heating specific tissues with an alternating magnetic field, can make use of superparamagnetic nanoparticles. SPNs produce heat when they are injected into certain tissues, such cancers, and an external alternating magnetic field is used [80]. Magnetic hyperthermia is a promising therapeutic for cancer therapy and targeted medication delivery since this localized heating can result in the death of cancer cells. 



[image: ]
Fig. 4: Structure of magnetic nanoparticle

3. Carbon based nanostructures for diagnostic and Imaging
Carbon-based nanostructures are nanomaterials whose main constituents are carbon atoms [81]. These nanostructures are appealing for a wide variety of applications across numerous disciplines because of their distinctive features brought about by their tiny size and large surface area. Some of the most common carbon based nanostructure include carbon nanotubes, grapheme, carbon dots [CDs], carbon nanoparticles, nanodiamonds and carbon quantum dots [ as shown in figure:5][82].
 [image: ]
Fig. 5: Various forms of carbon nanoparticles [CNPs]
The potential for diagnostic and imaging uses of carbon-based nanostructures is enormous. They are good candidates for use in biomedical applications due to their special qualities, which include large surface area, adjustable chemical reactivity, and great biocompatibility [83].
Some of the key carbon-based nanostructures used in diagnostics and imaging:
·  Carbon nanotubes [CNTs]
Carbon atoms are organized in a hexagonal lattice to form the nanometer-sized cylindrical structures known as carbon nanotubes (CNTs). They are a member of the fullerene family, which also contains graphene and buckyballs. CNTs are important for a wide variety of applications in several sectors because of their distinctive and intriguing features. [84]. The use of carbon nanotubes (CNTs) in imaging and diagnostic procedures has shown considerable potential. They are attractive candidates for various uses because of their distinctive qualities [85]. Biosensors can be made by functionalizing carbon nanotubes with certain biomolecules or antibodies. These biosensors are able to identify particular chemicals or biomarkers that are symptomatic of various illnesses [86]. The functionalized CNTs undergo observable changes in their electrical or optical characteristics when the target biomolecule attaches to them, allowing for the sensitive and accurate detection of illnesses including cancer, infectious diseases, and other ailments [87]. Magnetic resonance imaging (MRI), computed tomography (CT), and photoacoustic imaging are just a few of the imaging modalities that can employ carbon nanotubes as contrast agents. These imaging methods' contrast can be improved by functionalized CNTs, enabling for better visibility and identification of sick tissues or certain cell types [88]. Drugs and imaging agents can be transported via carbon nanotubes, enabling tailored administration to certain cells or tissues. The process of combining therapy with diagnostics is referred to as theranostics [89]. Real-time monitoring of the treatment's efficacy is made feasible by combining therapeutic compounds and imaging agents into the same carbon nanotube substrate. Molecular imaging probes may be made using carbon nanotubes and certain biomarkers [90]. These probes can be used to observe and research the cellular and molecular activities occurring within living things. Researchers may learn a great deal about the development of diseases and how treatments work by utilizing CNTs in imaging methods like positron emission tomography (PET) or single-photon emission computed tomography (SPECT) [91]. Even though carbon nanotubes have tremendous possibilities in diagnostic and imaging, it's important to keep in mind that research and development are still being done on their use in clinical settings. Before they are widely used in medical applications, issues with toxicity, scalability, and biocompatibility must be resolved. 
· Graphene
An amazing substance, graphene has recently attracted a lot of interest because of its unusual characteristics and possible uses. It is made up of a single layer of carbon atoms that are set up in a two-dimensional honeycomb lattice [92]. Other carbon-based compounds including graphite, carbon nanotubes, and fullerenes all start with graphene as its fundamental building component. The interesting substance graphene has special qualities that have shown considerable promise in a variety of applications, including imaging and diagnostics [93]. High sensitivity and specificity biosensors based on graphene have been created to identify and quantify biological molecules, pathogens, and other analytes [94]. Graphene is an excellent platform for functionalizing with biomolecules, such as antibodies or DNA probes, to construct very sensitive biosensing devices due to its vast surface area, superior electrical conductivity, and biocompatibility [95]. These biosensors might be used in envi ronmental monitoring, food safety, and medical diagnostics. DNA sequencing systems have been created using graphene's capacity to interact with single-stranded DNA. Graphene-based nanopores have demonstrated the ability to transmit DNA strands through them, enabling the identification of specific nucleotides based on changes in the electrical characteristics of the graphene as the DNA travels through the nanopore. This could result in DNA sequencing methods that are quicker and more affordable [96]. Magnetic resonance imaging (MRI), computed tomography (CT), and photoacoustic imaging are just a few of the imaging modalities that can employ graphene-based nanomaterials as contrast agents. These nanomaterials have the ability to improve picture contrast, enhancing the visibility of certain tissues or biomolecules of interest, and perhaps enabling early disease diagnosis [97]. The magnetic characteristics of graphene-based materials have led to its investigation as MRI contrast agents. Graphene can make tissues more visible and produce more detailed pictures in MRI scans when coated with the right molecules [98].
While graphene has tremendous promise for use in imaging and diagnostics, there are still obstacles to be solved, including as scalability, biocompatibility, and regulatory issues.
· Nanodiamonds
Diamond particles that are generally less than 10 nanometers in size make up the interesting nanomaterial known as nanodiamonds [99]. Due to their much smaller size compared to conventional macroscopic diamonds and diamond nanoparticles, they are distinguishable. Several techniques, including the use of explosives, high-pressure, high-temperature (HPHT) procedures, and chemical vapor deposition (CVD), can be used to create nanodiamonds [100]. Detonation synthesis is the most popular of these techniques. It entails the controlled explosion of carbon-containing explosives to produce a combination of nanodiamonds, graphite, and other carbon-based compounds. The nanodiamonds are recovered and purified after the explosion [101]. In the area of diagnosis and imaging, particularly in biological applications, nanodiamonds have demonstrated considerable potential. They are desirable candidates for creating new diagnostic procedures and refining existing ones due to their special features [102]. Nanodiamonds can be functionalized with biomolecules, such as peptides or antibodies, to target certain cells or bodily regions. With the use of this focused technique, biological structures and processes may be seen in a very particular manner, facilitating the detection of illnesses or anomalies [103]. As contrast materials for MRI, nitrogen-vacancy (NV) centers in nanodiamonds have been employed. Improved contrast in MRI pictures and maybe increased sensitivity of MRI methods are made possible by the NV centers in nanodiamonds, which have the ability to release unique magnetic signals [104]. Nanodiamonds have high fluorescence characteristics that may be used in a variety of imaging applications. Researchers may observe certain targets inside the body, investigate chemical interactions, and follow biological processes by affixing fluorescent molecules to nanodiamonds or making use of their natural fluorescence. When activated by particular wavelengths, nanodiamonds are capable of emitting visible light. Imaging applications, such as intracellular labeling and bioimaging in living things, can take advantage of this photoluminescence [105].
Nanodiamonds are useful diagnostic and imaging tools due to their biocompatibility, variable surface chemistry, and distinctive optical and magnetic characteristics.
· Carbon Quantum Dots 
Carbon quantum dots (CQDs) are nanoscale carbon-based materials that have attracted a lot of attention lately because of their distinctive characteristics and possible uses. They are tiny carbon nanoparticles, usually fewer than 10 nanometers in size [106]. Their extraordinary optical, electrical, and chemical characteristics, in spite of their small size, make them a potential material for a variety of applications, including electronics, photonics, bioimaging, and sensing [107]. Due to their distinctive optical and chemical characteristics, carbon quantum dots (CQDs) have demonstrated considerable promise in the realms of imaging and diagnostics [108]. Bioimaging is one of the most important fields in which CQDs are used. They make ideal candidates for fluorescent imaging probes due to their potent and controllable photoluminescence [109]. Researchers can see cells, tissues, and even individual cellular structures with great sensitivity and precision when CQDs are stimulated with light and generate fluorescence at particular wavelengths [110]. They are safer alternatives to traditional heavy metal-based quantum dots for use in biological imaging due to their low toxicity and biocompatibility. To detect changes in intracellular pH levels, CQDs have been utilized. CQDs can work as pH-responsive nanosensors by being functionalized with certain compounds that react to pH variations [111]. Understanding cellular processes requires this skill, which may also be used in applications for medication administration and the detection of diseases. For cellular imaging, such as tracking cell migration, observing intracellular processes, and researching cellular absorption of nanoparticles, CQDs have been utilized as fluorescent probes [112]. Compared to several other nanomaterials utilized in imaging and diagnostics, carbon quantum dots are more economically feasible since they can be made using very straightforward and affordable processes.  
4. Liposomes
Liposomes are tiny spherical or vesicular structures made of lipid bilayers that resemble the cell membranes of living things [113]. These vesicles can be utilized to transport a variety of chemicals, including as medications, vitamins, and other bioactive components. A liposome's structure consists of one or more lipid bilayers around an aqueous core [114]. Amphiphilic molecules, which contain both hydrophilic (water-attracting) and hydrophobic (water-repelling) sections, are what create the lipid bilayers. These molecules spontaneously self-assemble into a closed spherical form to reduce the exposure of their hydrophobic tails to water when introduced in an aquatic environment [115]. Because of their distinct qualities and adaptability as delivery methods, liposomes are important in diagnostics and imaging. Liposomes are tiny vesicles with lipid bilayers that resemble the structure of actual cell membranes. They are useful instruments in research and medicine since they may encapsulate many compounds, including as medicines, contrast agents, and imaging agents [116]. Specific target locations in the body can receive medicines or therapeutic substances via liposomes. To enhance vision in imaging modalities like MRI, CT, or ultrasound, they can be used to administer imaging contrast agents or markers in diagnostics [117]. Liposomes may be made to target particular cells or tissues in the body by adding particular surface changes. This focused strategy increases the diagnostic imaging's accuracy while minimizing the exposure of healthy tissues to potentially hazardous imaging chemicals [118]. Contrast chemicals that improve the visibility of certain tissues or structures during imaging procedures can be encapsulated in liposomes. These substances enhance the contrast between various tissues, making it simpler to see anomalies or particular regions of interest [119]. Liposomes are a subset of the larger subject of nanomedicine, which use materials at the nanoscale to cure, detect, and prevent illness. The possibility for targeted delivery is increased by their tiny size, which makes it easier for them to move through the body [120]. For positron emission tomography (PET) or single-photon emission computed tomography (SPECT), liposomes may include radioactive tracers. Clinicians can see certain biological processes or molecular interactions in the body thanks to these tracers. MRI contrast and resolution can be increased by liposomes containing paramagnetic compounds, increasing the diagnostic efficacy [121].
5. Nanogels 
Cross-linked polymer networks make up the nanoscale structures known as nanogels. They are also referred to as hydrogels that are nanoscale at times [122]. Hydrogels are three-dimensional networks of hydrophilic polymer chains that have a high water or biological fluid absorption and retention capacity. These hydrogels are referred to as nanogels when they are scaled down to nanoscale dimensions, which are generally in the range of 1-100 nanometers [123]. Because of their special qualities and prospective uses, nanogels have drawn a lot of interest from researchers in a variety of sectors, including biotechnology, medicine, drug delivery, and environmental sciences. Magnetic resonance imaging (MRI) and computed tomography (CT) can be made better by adding contrast agents like gadolinium or iron oxide nanoparticles to nanogels. These contrast-loaded nanogels have the ability to gather in certain places, improving the visibility of tissues and organs and assisting in the early diagnosis and monitoring of disorders [124]. Nanogels can selectively attach to particular cell receptors or biomarkers by being functionalized with targeted ligands (like antibodies or peptides). This capacity to target tissues offers extremely sensitive and focused imaging of sick tissues, aiding in early diagnosis and individualized therapy plans [125]. Fluorescent or luminescent dyes, which may emit certain wavelengths of light, can be included into nanogels by engineering. For imaging uses including fluorescence imaging and optical coherence tomography (OCT), these nanogels can act as optical probes [126]. Nanogels have the potential to significantly improve imaging modalities and diagnostic capabilities, opening the door to future treatments in healthcare that are more accurate and individualized [127].
6. Dendrimers
Uniquely branching, three-dimensional macromolecules with a tree-like or dendritic structure are known as dendrimers [128]. The Greek word "dendron," which meaning tree, is where the name "dendrimer" originates. They were initially presented by Donald A. Tomalia and his colleagues in 1985. Dendrimers are useful in a variety of domains, including chemistry, materials science, nanotechnology, and medicine [129]. They have numerous intriguing and favorable features. Dendrimers may be made functional with a variety of imaging substances, including magnetic nanoparticles, radioisotopes, and fluorescent dyes [130]. In a variety of imaging techniques, such as fluorescence imaging, positron emission tomography (PET), single-photon emission computed tomography (SPECT), and magnetic resonance imaging (MRI), these functionalized dendrimers act as contrast agents [131]. Dendrimers are excellent options for improving imaging sensitivity and specificity due to their capacity to contain numerous imaging agents and their regulated size and surface characteristics. Targeting ligands can be added to dendrimers so they have them on the surface. These ligands may take the form of certain antibodies, peptides, or other compounds that are able to identify and bind to specific biomarkers that are overexpressed in particular illnesses or organs [132]. Dendrimers may be guided to the required areas by adding these targeting ligands, making it possible to image sick tissues or cells with precision. Dendrimers are helpful in theranostics, which combines diagnostic and therapy, since they may be utilized to deliver therapeutic compounds selectively [133]. In conclusion, dendrimers have demonstrated tremendous promise for use in imaging and diagnostic procedures. They are excellent instruments for enhancing illness diagnosis, tracking treatment response, and enabling targeted therapeutics due to their adjustable characteristics, capacity to transport different imaging agents, and surface functionalization [134]. Dendrimers do, however, need further study to improve their design, toxicity profile, and clinical translation even if they show considerable potential.
7. Nanocapsules 
Nanocapsules are incredibly small, nanoscale structures made of a coating or shell that encloses a core substance. Based on their intended applications, these capsules can be developed and constructed to have certain characteristics and functionalities [135]. Because of their special characteristics and possible applications in medicine, medication delivery, cosmetics, agriculture, and other disciplines, nanocapsules have attracted a lot of attention. Therapeutic medications can be placed within nanocapsules that are made to transport them straight to the body's target spot [136]. Drugs can be shielded against deterioration in the bloodstream by being enclosed in nanocapsules, which lengthens their circulation period and enables targeted distribution. medication effectiveness is increased and negative effects are decreased with targeted medication administration [137]. To transport particular diagnostic agents, such as antibodies or nucleic acid probes that can find disease-specific biomarkers, nanocapsules can be created. These nanocapsules may be injected into the body and will specifically attach to the target biomarkers, allowing for the early diagnosis of disorders like cancer or infectious infections [138]. Nanocapsules have the potential to improve the sensitivity and specificity of current imaging methods. For instance, they can aid in the detection of tiny lesions or metastases that can be difficult to see using traditional techniques [139]. Multimodal imaging is made possible by the ability to create nanocapsules that carry several imaging agents. This method combines the advantages of many imaging modalities to give a more thorough and precise picture of the targeted tissues or organs [140]. The use of nanocapsules in diagnostic and imaging applications holds enormous potential, but there are obstacles to be addressed, including guaranteeing their safety, biocompatibility, and scalability for clinical usage. Nanotechnology developments and continuous research in this area are consistently enhancing the potential of nanocapsules in the medical industry.
8. Nanoshells  
Nanoshells, sometimes referred to as nanoshell particles or nanoshells, are a class of nanomaterial that have attracted a lot of interest in a number of scientific and technological sectors [141]. They are core-shell nanostructured particles having distinct characteristics in the core and shell materials. A thin metallic shell, often made of gold or silver, surrounds a dielectric core (like silica) in the most prevalent kind of nanoshell. Nanoshells can have distinctive optical and electrical characteristics because to the material selection, which makes them valuable in a variety of applications [142]. Because of their distinct optical characteristics and capacity to interact with light, nanoshells have demonstrated considerable potential in diagnostics and imaging. In a variety of imaging methods, including photoacoustic imaging and optical coherence tomography (OCT), nanoshells can be utilized as contrast agents. Nanoshells may effectively absorb and scatter light when subjected to it, producing potent photoacoustic and OCT signals [143]. The better visibility and imaging of tissues and structures made possible by this augmented signal aids in disease diagnosis. Additionally, nanoshells can be used to conventional optical imaging methods. It is possible to control the accumulation of nanoshells in particular tissues or cell types by functionalizing them with precise targeting ligands [144]. The contrast and specificity of optical imaging are improved by this focused accumulation, allowing for the early identification and characterization of illness. Nanoshells can be used during surgery to help surgeons distinguish between healthy and sick tissues. The danger of recurrence is decreased because to the real-time imaging guidance, which enhances surgical accuracy and the thorough removal of sick tissues [145]. Although nanoshells have fascinating possibilities for imaging and diagnostics, it is crucial to note that their clinical applications are still in the research and development stage.
Nanotechnology based theranostic approach
A theranostic strategy based on nanotechnology integrates therapeutic and diagnostic capabilities into a single device [as shown in the figure 6], enabling focused therapy and in-the-moment assessment of the efficacy of the treatment [146]. "Theranostics" is a combination of the words "therapy" and "diagnostics." Imaging substances like fluorescent dyes, quantum dots, or MRI contrast agents are carried by theranostic nanoparticles. With the aid of these imaging agents, the specific disease site may be seen together with the positioning and dispersion of the nanoparticles [147]. Additionally, the nanoparticles carry therapeutic payloads that may be pharmaceuticals, DNA, proteins, or other therapeutic agents. These payloads are either delivered passively or by triggers like pH changes or enzyme activity in the target environment. The release of therapeutic payloads can be regulated by adding stimuli-responsive materials, guaranteeing that the medications are released at the appropriate location and in response to certain circumstances (such as pH, temperature, and enzyme activity) associated with the disease site [148]. Researchers and medical professionals can keep an eye on the treatment's success in real time because to the nanoparticles' diagnostic imaging capabilities. This function is extremely helpful for comprehending medication distribution, gauging the effectiveness of treatments, and making necessary modifications. In the areas of cancer, neurology, cardiovascular disorders, and other complicated medical illnesses, nanotechnology-based theranostics show considerable potential [149]. However, many theranostic strategies were still in the preclinical or early clinical development phases. Therefore, to fully exploit the promise of this novel technique in therapeutic applications, continued research and advances in nanotechnology are crucial.


[image: ]
Fig. 6: Theranostic based approach for treating medical ailment
Challenges and future Directions
Diagnostic and imaging techniques based on nanotechnology present exciting developments in medicine. To guarantee their successful implementation and widespread usage, however, they also have unique problems that must be solved.
Biocompatibility and Safety: Assuring the biocompatibility and safety of the nanoparticles utilized in medical applications is one of the main issues with nanotechnology. To create materials that are safe for clinical usage, it is imperative to fully comprehend the toxicological impact that nanoparticles may have on the human body [150].
Regulatory Approval: Rigid regulatory authorisation is needed for the use of nanotechnology in medical equipment and diagnostics. There may not be established processes for evaluating the safety and efficacy of these technologies because they are still relatively new and continually changing, which might cause delays in approvals [151].
Cost Effectiveness: Due to the complexity of the materials and production processes used, developing diagnostic and imaging techniques based on nanotechnology can be costly. For these technologies to be widely used in healthcare, it is crucial to ensure their affordability and scalability [152].
Targeting Specific Diseases: Although nanoparticles have the capacity to target certain cells or tissues, it is still difficult to do so precisely without damaging healthy cells. For precise diagnosis and successful therapy, it is essential to ensure the efficient and precise distribution of nanoparticles to disease locations [153].
Stability and Shelf life: Environmental conditions may have an impact on nanoparticle stability and shelf life. Practical clinical application requires that the diagnostic agents maintain their stability while being stored and transported [154].
Integration with current systems: The use of nanotechnology-based diagnostics and imaging requires seamless integration with current medical processes and systems. Implementation challenges may include compatibility problems and opposition to change in healthcare procedures.

Conclusion and Future Perspective
Diagnostics and imaging based on nanotechnology have become a ground-breaking field with enormous promise to transform healthcare and illness management. Utilizing nanomaterials and nanodevices to improve the sensitivity, specificity, and adaptability of diagnostic and imaging procedures has advanced significantly over time. These developments have already produced encouraging outcomes in a number of medical applications, including as cancer detection, the identification of infectious diseases, and customized therapy. In order to target certain biomarkers, make illness early detection possible, and provide real-time molecular monitoring, nanoparticles, quantum dots, nanosensors, and other nanoscale technologies have exhibited outstanding ability. Additionally, their distinct physicochemical characteristics, such as adjustable optical, magnetic, and electrical properties, make them advantageous components in multimodal imaging techniques that may provide thorough and accurate information about sick tissues. Diagnostic and imaging techniques based on nanotechnology look to have a very bright future. As scientists continue to explore new ideas and improve old technology. Treatments may be customized to each patient's needs by using patient-specific diagnostic and imaging techniques made possible by nanotechnology. This could lessen negative effects and greatly enhance treatment results. In conclusion, nanotechnology-based imaging and diagnostics provide a bright future for the medical field. By enabling earlier and more precise illness identification, individualized therapies, and improved patient outcomes, ongoing research and development in this area has the potential to revolutionize medical procedures. The prudent and successful integration of nanotechnology into therapeutic settings, however, will depend on how ethical, safety, and regulatory issues are handled in addition to the enthusiasm.
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