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ABSTRACT:

The field of nanomedicine has promise for developing potent new instruments to cure human illnesses and enhance human biological systems. Nanomedicine
diagnoses, treats, and prevents disease and traumatic injuries, reduces pain, and preserves and enhances human health by using molecular tools and knowledge of
the human body. Nanorobotics is the technology of creating machines or robots at or near a scale of 10-9 meters [nm]. Molecular or nanoscale components make
up nanobots, sometimes referred to as nanoids. They are still simply a theoretical concept because no artificial non-biological nanorobots have been created as of
yet. Because of its strength and inert properties, experts predict that the surface of a nanorobot will likely consist of carbon atoms arranged in a diamondoid
pattern. Because of their incredibly smooth surfaces, which lessen the chance of stimulating the body's immune system, the nanorobots will be able to operate
without hindrance. The history, makeup, workings, and uses of nanorobots are the main topics of this page.
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INTRODUCTION:

As current biomedical technologies demand innovative, creative methods to replace demanding processes, the necessity for focused drug delivery
systems is expanding. By creating a delivery mechanism at the micro level, we seek to eliminate the need for conventional techniques and tools. One
potential remedy for these and other medical issues is the use of biomedical micro-robots.

Nanomedicine:

Medical applications of nanotechnology. Engineering and science operations at the atomic and molecular level are referred to as nanotechnology. A
billionth of a meter is called a nanometer, which is 10 times that of a hydrogen atom, or around 1/80,000 of the diameter of a human hair. Medicine
may be a means of identifying, Curing and avoiding illness and harm; it may be a way of reducing suffering and maintaining and enhancing human
health by applying knowledge of the human body and molecular techniques. It involves using nanotechnology, which is a form of mechanical design, to
predict and treat human diseases.

By creating robots at the nano or micro scale that move throughout the human body, nanomedicine has the possibility of developing potent new
instruments for the purpose of treating illnesses in people and the enhancement of biological systems. These technologies have the potential to redefine
traditional procedures.

"The use of molecular tools and molecular knowledge of the human body to diagnose, treat, and prevent disease and traumatic injury, to relieve pain,
and to preserve and improve human health is known as nanomedicine."

Nanorobot:

The newly established field of nanorobotics is developing robots or machines with parts that fall within or close to the nanometer (10-9m) scale, with
devices that range in size from 0.5-3 micrometers. Any "smart" structure able to act, perceive, signal, process information, exert intelligence,
manipulate, and exhibit swarm-like behavior at the nanoscale is referred to as a nanorobot.

Biological organelles, including cells, are comparable in size to these nanorobotic systems. Nanorobotics is the field that addresses the planning,
building, and programming of these nanorobots. A wide range of scientific and technological fields, including physics, biology, chemistry, medicine,
pharmaceutical science, the field of engineering, biotechnology, and other biomedical sciences, are required to make high-level contributions to this
multidisciplinary topic.

A nanorobot, sometimes referred to as a nanomachine, is a tiny mechanical or electromechanical apparatus made to carry out particular activities at the
nanoscale. Adriano Cavalcanti is known as a pioneer of nanorobots. These draw inspiration from both machines and nature. Most of the issues in
nanomedicine could be resolved by nanorobots.
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From quantum molecular dynamics to kinematic analysis, designing nanorobotic systems involves a wide range of scientific disciplines. The laws that
apply to nanorobotics vary depending on the kind of nanomaterial that is employed to create the systems. The main component that will presumably
make up the majority of a medical nanorobot is carbon, probably in the shape of diamonds or diamondoid nanocomposites. Other light elements
including silicon, fluorine, nitrogen, sulfur, oxygen, hydrogen, and others will be used for specific reasons in nanoscale gears and other components.

Advantages

e  The use of nanorobots in pharmaceutical delivery systems with improved bioavailability.

e  Targeted delivery, which solely addresses malignant cells.

e  The procedure is quick and painless.

. Because of automation and computer control, there are fewer errors.

. Make contact with remote areas of the human anatomy that are not reachable from the operating table.

. During mass transfer, the advantages of a large interfacial area can be experienced as drug molecules are moved by nanorobots and released
when required. The likelihood of any aftereffects or recurrences is zero.

e Anon-invasive method.

e A computer-controlled system that uses knobs to adjust the release's quantity, frequency, and timing.

. Increased precision.

e  To reduce unwanted side effects, drugs are inactive in places where therapy is not required.

Disadvantages

e  The original cost of the design is extremely high.

e The nanorobot's design is quite complicated.

e  Additional technological issues could arise from the technology, such as the emergence of artificial intelligence and reconstruction, which
could cause humans to lose control over robots.

. Electrical nanorobots can be impacted by external electrical interference sources such as electric fields, EMP pulses, and stray fields from
other in vivo electrical devices.

e Complex, difficult to customize and design.

. In human bodies, robots may sometimes become uncontrollable.

e  Few external control systems.

. It might take several years for the technology to be used in practice.

IDEAL CHARECTERISTICS OF NANOROBOTS:

1. They lie within the 1-100 nm sections of the assess run of 0.5 to 3 microns; otherwise, they can fragment the capillary stream.

2. By keeping a valuable stone out of reach, nanorobots prepare for attacks by the secure system.

3. It can communicate with the master by encoding messages to acoustic waves at carrier wave frequencies between 1 and 100 MHz.
4. It has a feature known as self-replication that allows it to create several copies of itself in order to replace damaged units.

APPROACHES:

Nubot:

Nubot is an abbreviation for "nucleic acid robot." They are organic molecule-based devices. Nubots are nanoscale synthetic robotics devices. Nubots
can be used as carriers to target the delivery of medications due to their DNA structure. DNA structure can be used to build nanomechanical devices in
two and three dimensions. DNA-based devices can be activated by proteins, small chemicals, and other DNA molecules.

Biochip:

Photolithography, nanoelectronics, and new biomaterials can be used to create nanorobots for typical medical applications such as drug delivery,
diagnosis, and surgical instrumentation. Nanotechnology has improved the commercial feasibility of biochips by enabling their implantation inside the
body to dynamically transfer information and track any biological changes in vivo. Nowadays, biochips are employed in the electronics manufacturing
sector. Nanorobots with biochips can be integrated with nanoelectronics devices to facilitate enhanced medical instruments and teleoperation.
Bacteria-based:

This method proposes employing biological microbes, such as the bacteria Escherichia coli. As a result, the model propels itself using a flagellum.
Despite its restricted applicability, usually, the mobility of this kind of physiologically integrated device is managed by electromagnetic fields.
Positional nanoassembly:

Robert Freitas and Ralph Merkle created a practical research agenda in 2000 with the specific objective of building a diamonded nano factory that
could produce positional-controlled diamond mechanic synthesis and diamonded medical nano robots.

NANOROBOT MECHANISM:

Developing nano robots with integrated nano biosensors and actuators is thought to be a novel way to give doctors access to new medical equipment.
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In order to properly promote advanced medical innovations, controls are necessary. It is possible to build more effective methods for prediction of
diseases by further downsizing towards integrated medical systems. The use of microdevices in surgery and medical therapies has resulted in a number
of improvements in clinical procedures in recent years. Catheterization has been effectively used as the primary technique for both cardiac and cerebral
surgery. We are now able to progress the shrinking of devices from micro to nano electronics thanks to the advent of bimolecular science and novel
production techniques. The most recent technological advancements in biological sensors serve as the foundation for the creation of bimolecular
actuators. Some personnel are also researching some motor and sensory devices, and the first series of nanotechnology prototypes for molecular
machines are being analyzed in different ways.

APPLICATION:
In Dentistry:

The growing interest in the possible applications of nanotechnology in dentistry is giving rise to a new field called nanodentistry. Oral pain relief
(analgesia), tooth desensitization, tissue manipulation to straighten and realign an uneven set of teeth, and increased tooth durability are all
accomplished using nanorobots. Additionally, the use of nanorobots for therapeutic, restorative, and preventive treatments has been revealed.
In nanodentistry, the patient's gingivae will be treated with a colloidal suspension of millions of active analgesic micron-sized dental nanorobots to
create an oral anesthetic. After coming into contact with the mucosa or crown surface, the walking nanorobots move into the gingival sulcus. The
lamina propria, the 1-3 pm thick layer of loose tissue at the cementoedentinal junction, is then gently penetrated to reach the dentin. The nanorobots use
a mix of temperature differentials, chemical gradients, and even positional navigation to navigate toward the pulp after penetrating dentinal tubule holes
that range in width from 1 to 4 um under the guidance of an onboard nanocomputer.
The following are some prospective uses for nanorobots in dentistry:

. Major dental restoration

o lifespan and attractiveness of the tooth

e nanocomposite

e nanoimprint

e care of oral hygiene

e  Cavity preparation and restoration

e Dentin hypersensitivity
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Figl- Dental Nanorobot

The dental nanorobot seen in Figure 1 is made up of plank-mounted nanocomputers that store and carry out preprogrammed tasks. In order to ensure
proper operation of the nanomechanical devices, It will gather, route, and store contextual information as well as connect with nanocomputers that react
to external control and evaluation devices. Figure 1 depicts the structure of nanorobots.

In Cancer Detection and Treatment:

The nanorobot is seen attacking the cancer cell in the image below. According to the WHO, Currently, the major cause of death is cancer.
Chemotherapy and radiotherapy are the conventional approaches used to treat cancer. However, the patient receiving this treatment must deal with a lot
of discomfort and adverse consequences, such as exhaustion, loss of hair, loss weight, etc. In order to circumvent this, scientists have recently proposed
the use of nanorobots in cancer treatment. As a result, nanorobots can completely heal a cancer patient without causing any negative side effects. This
work offers a novel method for creating, managing, and tracking medical nanorobots for cancer diagnostics in its early stages prior to metastasis. The
suggested work develops nanorobot architecture by utilizing RF CMOS, biological flows, and E-cadhering signal analysis in conjunction with mobile
phones. The patient will receive an injection containing nanorobots using this technique. Any nanorobot should not be larger than three microns since
larger nanorobots will block capillary flow.

To find and eliminate cancer cells, as a chemical parameter, a greater gradient of E-cadherin signal intensity is used. There will be no impact on the
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other healthy cells. A nanorobot can detect tumor cells more quickly by using chemical signals and certain proteins. To identify a tumor, medical
diagnosis uses a single tumor cell in a small venal as a target. The individual undergoing this therapy will observe the improvement in his health even if
he is unaware of the Nanorobots.

Fig — Nanorobot attacking the cancer cells

In identifying and managing diabetes:

Medical nanorobots keep an eye on diabetes by regulating the body's nutritional concentrations, including diabetic patients' blood glucose levels. To
regulate their blood sugar levels, diabetic patients need to draw little amounts of blood several times a day. Procedures like these are very inconvenient
and uncomfortable. Inadequate control of blood glucose levels can result in serious issues with the blood vessels. Medical nanorobotics can be used to
continuously monitor amounts of glucose to identify the body's sugar content. This crucial information may help medical professionals in monitoring
and enhancing patient medication and food plans.

Patients with diabetes may have their blood glucose levels defined by the hSGLT3 molecule. This protein's ability to detect glucose as a sensor is its
most interesting attribute. Nanobioelectronics made of Complementary Metal Oxide (CMOS) semiconductors are incorporated into the model of the
simulated nanorobot.

It may move freely inside the body because to its size of roughly 2 microns. Whether blood glucose levels are apparent or invisible to immune
reactions, the nanorobot detects them with ease. Even when the body's immune system reacts, white blood cells cannot damage the nanorobot since it is
biocompatible. For glucose monitoring, the nanorobot employs an integrated chemosensor that alters the hSGLT3 protein glucosensor's activity.
Because of its built-in chemical sensor, the nanorobot can effectively determine whether the patient needs insulin injections or any other activity,
including taking any prescription that has been prescribed by a clinician.

In Gene Therapy:

Genetic issues can be readily fixed by medical nanorobots by comparing the cell's proteins and DNA molecules to desired or known reference
structures. The appropriate changes can then be made in place, or any irregularities can be fixed. In several instances, chromosomal replacement
therapy works better than cytorepair. An assembler builds a repair vessel that floats inside a human cell's nucleus and performs some genetic
maintenance. Stretching a supercoil of DNA between its lower set of robot arms, the nanomachine carefully pulls the unwound strand through a prow
aperture for inspection. Meanwhile, the regulatory proteins of the chain are separated by the top arms and inserted into an intake port. A
communications link connects the cell-repair ship to a bigger nanocomputer outside the nucleus, which compares DNA and protein molecular
structures to information in its database. Once any abnormalities in either structure are corrected, the proteins are reattached to the DNA chain, which
re-coils into its original form. The repair vessel would have a diameter of just 50 nanometers, making it smaller than the majority of bacteria and
viruses but still able to provide treatments and cures that are far above the current medical community's capabilities. The term "internal medicine"
would have new significance when trillions of these devices were running through patient's blood. Targeting illness at the molecular level might
eliminate viral infections, cancer, and arteriosclerosis.

In Surgery:

The catheter ends or the vascular system could be used to introduce surgical nanorobots into different human bodily cavities and channels. A surgical
nanorobot can function as a semiautonomous on-site surgeon within the human body if it is programmed or directed by a human surgeon.

An internal computer might organize the device's many tasks, which could include seeking out pathology, diagnosing and repairing lesions by
nanomanipulation, and communicating using coded ultrasound messages with the supervising surgeon.

The first forms of cellular nanosurgery are still being studied. For instance, dendrites from single neurons have been fully severed using a Rapidly
vibrating (100 Hz) micropipette with a diameter at the tip of less than 1 micron without compromising cell viability. Femtosecond laser surgery was
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used to conduct an axotomy on roundworm neurons, and the axons subsequently underwent functional regeneration. Similar to a pair of “nano-
scissors," a femtolaser vaporizes tissue locally without harming nearby tissue.

Identification and Examination:

Numerous diagnostic, testing, and monitoring functions involving bloodstream and tissue may be performed by medical nanorobots. From any part of
the body, these devices may continually monitor and report all important indicators, including temperature, pressure, chemical composition, and
immune system activity.

When a patient swallows a nanorobot for diagnostic purposes, it moves toward the surface of the stomach lining to begin searching for signs of an
infection.

Nano Impression:

With the application of nanotechnology, impression materials are available. Vinyl polysiloxanes are used as nanofillers to create a special siloxane
impression material. The main advantage of the material is its increased flow and hydrophilic properties, which decrease margin voids and improve
model pouring and detail accuracy.

Nanomedicine:

Some potential medical applications for nanorobotics include pharmacokinetics, diabetes monitoring, biomedical devices, surgery, early cancer
diagnosis, and targeted drug delivery. These suggestions predict that injectable nanorobots will be used in future medical nanotechnology to treat
patients at the cellular level. Such nanorobots shouldn't be able to duplicate as doing so would unnecessarily complicate the gadget, reduce its
dependability, and obstruct its therapeutic purpose. Instead, it is suggested that medical nanorobots be manufactured in fictitious, tightly controlled
nanofactories where tiny tools would be securely integrated into a purported desktop-scale apparatus that would generate macroscopic goods.

Conclusion:

The fast developing science of nanorobotics has the potential to significantly alter medicine. Nanorobots are a promising technology that could improve
medicine delivery, allow for precise surgical interventions, and even encourage desirable cellular behavior. The challenges and barriers that nanorobots
provide during development are outweighed by their advantages and applications in engineering and medical. Nanotechnology, an emerging medical
tool, has shown how actual breakthroughs in new manufacturing technologies are enabling innovative works that could help in the most effective
construction and use of nanorobots for biomedical problems. This is especially true for diabetes, arteriosclerosis, dentistry, cancer, and gene therapy. In
the future, tailored medicine delivery using nanorobots would be tremendously advantageous. Early diagnosis, better treatment, and better follow-up
care are all possible with nanomedicine, which might increase the effectiveness and affordability of healthcare. By taking advantage of the profound
knowledge of molecular disorders, nanomedicine will also enable more individualized treatment for a wide range of illnesses. Compared to current
drug delivery techniques, nanorobots can provide a variety of benefits. These include increased bioavailability, targeted treatment, reduced surgical
mistakes, access to distant human anatomy, a wide interfacial area for mass transfer, computer-controlled distribution, enhanced accuracy, fewer side
effects, and a quicker pace of drug action.
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