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Abstract 

any people in the globe are suffering 

from various diseases like cancer, brain 

tumor, stroke, diabetes etc. And 

nanotechnology has many potentials in 

healthcare, from delivering drugs more 

effectively, diagnosing diseases more rapidly with 

the use or help of 

nanorobotic and 

nanomedicine. This 

paper is all about the 

applications of 

nanotechnology in 

dentistry, neurosurgery 

and biomedical field and 

the recent innovations. 

 

INTRODUCTION  

anotechnology encompasses the science, engineering, and 

applications of submicron materials which involves the harnessing 

of the unique physical, chemical, and biological properties of 

nanoscale substances in fundamentally new and useful ways. The economic 

and societal promise of nanotechnology has led to investments by 

governments and companies around the world. The complexities and 

intricacies of nanotechnology, still in the early stage of development, and 

the broad scope of these potential applications, have become increasingly 

important (John, 2014). 

According to the United States National Nanotechnology Initiative, 

nanotechnology is “science, engineering, and technology conducted at 

the nanoscale, which is about 1 to 100 nanometers.” One nanometer is a 
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billionth of a meter, or 10-9 of a meter. For comparison, a sheet of newspaper 

is about 100,000 nanometers thick. Scientists are discovering that atoms 

and molecules behave differently at the nanoscale. Any form of a material 

that has one or more dimensions in the nanoscale is known as nanomaterial 

(Sekhon 2014). The transformative and general purpose prospects 

associated with nanotechnology have stimulated more than 60 countries to 

invest in national nanotechnology research and development programs 

(Shapira, Philip, and Youtie, 2011). 

Nanotechnology products can be used for the design and processes in 

various areas. It has been demonstrated that nanotechnology has many 

unique characteristics, and can significantly fix the current problems which 

the non-nanotechnology faced, and may change the requirement and 

organization of design processes with its unique features (Ge, Zhi, and Gao, 

2008). 

Just as nanotechnology benefits from mathematics and engineering, 

nanomedicine too has a multidisciplinary nature involving notions and 

techniques borrowed from biology, chemistry, and physics. As a result of 

this successful marriage, nanostructure materials display emerging 

functions that have exceptional benefits when applied to medical devices 

(Morigi, 2011). 

The success of nanotechnology in the healthcare sector is driven by the 

possibility to work at the same scale of several biological processes, cellular 

mechanisms, and organic molecules; for this reason, medicine has looked at 

nanotechnology as the ideal solution for the detection and treatment of 

many diseases. One of the many applications of nanotechnology to the 

medical sector is in the field of drug delivery. The advent of protocols and 

methods for the synthesis, functionalization, and use of nanoparticles and 

nanocarriers has flooded the scientific and clinic community with new 

therapeutic approaches from molecular targeting to radiofrequency 

ablation and from personalized therapies to minimally invasive techniques 

(Morigi, 2011). 

To date, some examples of what nanotechnology has enabled include the 

development of improved imaging techniques for higher sensitivity in 
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detection of cancer and illness (Yezhelyev et al., 2006), improved targeting 

of drug treatments (Abbasi, Paul, Shao, and Prakash, 2012), decrease in the 

number of adverse effects of chemotherapy, and the enhanced 

effectiveness of other antineoplastic therapies such as cryotherapy (Liu and 

Deng, 2009) and ultrasound (Gannon, Patra, Bhattacharya, Mukherjee, and 

Curley, 2008). Outside of medicine, nanotechnology is also fueling 

developments in agriculture (Torney, Trewyn, Lin, and Wang, 2007), energy, 

electronics, and many other fields. 

 

Nanotechnology innovation and methodology  

Dentistry Application 

Due to the increasing interest in the future of the dental application of 

nanotechnology, a new field called nano dentistry is emerging. The 

development of nanodentistry will allow nearly perfect oral health by the 

use of nanomaterials and biotechnologies including tissue engineering and 

nanorobots (Fritas, 200).  

The new treatment opportunities in dentistry include local anesthesia, 

dentition renaturalization, permanent cure of hypersensitivity, complete 

orthodontic realignment during a single office visit, covalently bonded 

diamondized enamel and continuous oral health maintenance with the help 

of mechanical dentifrobots (nanorobotic dentifrice) that destroy caries-

causing bacteria and even repair blemishes on the teeth where decay has 

set in (Rybachuk, Chema, and Nebesna, 2000). 

Nanorobots can have significant routine and specialized use is the field of 

dentistry. Virtually all the elements of dental care and treatment could 

incorporate nanorobots and benefit from their use by providing a higher 

level of care. These uses range from a routine cleaning, to cosmetics and 

teeth whitening, hypersensitivity, and even orthodontics (Sahoo, Parveen 

and Panda, 2007). These robots are small enough to enter the gingival 

sulcus, and eventually travel through the micron sized dental tubules to 

reach the pulp (Freitas, 2000). Central control of these nanorobots would 

allow activation of analgesic activity in highly specific areas in proximity to 

where the dentist will be providing care (Moezizadeh, 2013). 
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Use of nanorobots in procedures such as root canal fillings or in the 

treatment of infection is also plausible. As discussed earlier, nanorobots can 

be enveloped in highly specific proteins to bind the targeted pathogens for 

the treatment of infection. For a procedure such as a root canal, the use of 

a tiny camera can provide visualization of the root, reducing any guesswork. 

Nanorobots can potentially increase the success rate of root canal 

procedures. In 2011, the National Health Service had a 70% success rate for 

root canal procedures, which leaves plenty of room for improvement 

(Sharples, 2011). 

Nanorobotics also has some potential function for the treatment of dental 

conditions such as dentine hypersensitivity (Saadeh, and Vyas, 2014). 

Studies have found that hypersensitive teeth can have significantly 

increased numbers of dentinal tubules compared to normal teeth, with the 

dentinal tubules also having a larger diameter than normal (Absi, Addy, 

Adams,1987). Penetration of nanorobots into these dentinal tubules, with 

selective ablation or occlusion of tubules within the hypersensitive teeth 

would prevent stimuli from penetrating and inducing a pain response 

(Mantri, and Mantri, 2013). 

Other potential applications of nanorobotics in dentistry range from tooth 

repositioning via direct manipulation of periodontal tissues, dental cosmetic 

work via the direct replacement of enamel layers, or even nanorobots 

incorporated into a mouthwash or toothpaste where they would enhance 

daily dental care (Freitas, 2000). Nanorobotics has a wide array of potential 

applications to dentistry, and holds much promise as an area of 

development. 

 

Neurosurgery Application 

Neurosurgery, or neurological surgery, is the medical specialty concerned 

with the prevention, diagnosis, surgical treatment, and rehabilitation of 

disorders which affect any portion of the nervous system including 

the brain, spinal cord, peripheral nerves, and cerebrovascular system. 

Neurosurgery is uniquely suited to benefit from many of the innovations 

nanotechnology has to offer. These benefits include improved detection of 

https://en.wikipedia.org/wiki/Specialty_(medicine)
https://en.wikipedia.org/wiki/Nervous_system
https://en.wikipedia.org/wiki/Human_brain
https://en.wikipedia.org/wiki/Spinal_cord
https://en.wikipedia.org/wiki/Peripheral_nervous_system
https://en.wikipedia.org/wiki/Cerebral_circulation
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pathology, minimally invasive intracranial monitoring, and pharmaceutical 

delivery, amongst many others (Leary, Liu, Apuzzo, 2006). 

The issue of spinal cord injury and nerve damage is an important area of 

concern in neurosurgery as a field, and as a significant life-altering event for 

affected patients. The practice of reconnecting transected nerves has been 

done for many years ago, with progressive advancement in technique and 

technology. Currently, there are several different routes being pursued with 

the goal of optimizing and improving nerve reconnection outcomes, 

including promoting the regeneration of axons via growth factors 

(Bregman et al., 2002) and enriched scaffolds (Chen et al., 2009). Restoring 

connectivity to transected axons is an integral step to the restoration of 

function. The ability to do this is limited by technical limitations to surgery 

on that scale (Chang et al., 2010). Advancements in technology have led to 

the development of devices on the nanoscale which allow manipulation of 

individual axons. A nanoknife with a 40 nanometer diameter has been 

developed and found to be effective for axon surgery (Chang et al., 2007). 

The use of dielectrophoresis, which involves the use of electrical fields to 

manipulate polarizable objects in space, has been found to be effective in 

achieving controlled movement of axons within a surgical field (Sretavan et 

al., 2005). Following controlled transection of axons and maneuvering them 

into position using dielectrophoresis, fusion between the two ends can be 

induced via electrofusion (Berg, 1994), polyethylene glycol (Whittemore, 

and Snyder, 1996), or laser-induced cell fusion (Steubing, et al., 1991), 

amongst other methods. Nanodevices are enabling a new dimension of 

precision and control with the reconnection of nerves. 

One of the most effective ways to prevent morbidity and mortality in the 

field of neurosurgery is the treatment of cerebral aneurysms before rupture 

(Saadeh, and Vyas, 2014). Rupture of a cerebral aneurysm yields a high 

mortality rate. Ten percent of patients die before reaching the hospital, 

another 25% die within 24 hours of aneurysm rupture, and almost 50% die 

within 30 days (Broderick et al., 1994). There have been no cost-effective 

guidelines determined for screening patients for cerebral aneurysm. 

Nanorobotics can present a potential option for screening for a new 
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aneurysm, or closer monitoring of an identified aneurysm. Cacalcanti et al 

have proposed a design for an intravascular nanorobot with the capability 

to detect aneurysm formation by detecting increased levels of nitric oxide 

synthase protein within the affected blood vessel (Cavalcanti et al., 2009). 

These nanorobots can be given the capability to wirelessly communicate 

information about pertinent vascular changes to care providers, potentially 

decreasing screening costs of imaging and frequent follow up visits. 

Importantly, developing the platform required for this device will also 

enable horizontal expansion of the idea for many other uses, such as tumor 

detection or ischemic changes. 

 

 
 Figure 1. The ranostic magnetic nanoparticles (MNPs) and tumor targeting A 

good., Illustration of a MNP with diverse functional groups on the top which 

authorize molecular targeting, imaging, promoted plasma circulation 

situations, and/or remedy. B., Illustration of MNPs assignment with particular 

tumor cell rather than usual cells (in pink). Internalization of MNPs is proven in 

cancer cells as well (Nano et al., 2012). 

 

Biomedical Application 

Nanotechnology products have become increasingly useful in biomedicine 

and have led to the advent of a hybrid science named nanobiotechnology 

(Saji et al., 2010). Nanomaterials have noteworthy applications in 

nanobiotechnology, particularly in diagnosis, drug delivery systems (Faraji 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5425815/#CR134
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and Wipf, 2009), prostheses, and implants. Nanoscale materials integrate 

well into biomedical devices because most biological systems are also 

nanosized. The materials commonly used to develop these nanotechnology 

products are inorganic and metal nanoparticles, carbon nanotubes, 

liposomes, and metallic surfaces (Liu et al., 2016) 

Nanoparticles are used for disease diagnosis, drug delivery, gene therapy of 

cancer, pulmonary diseases and prevention of other infections also. Cancer 

is malignant neoplasm, and there is uncontrolled division of cells which 

enter into normal adjacent tissues and destroy them. Liposomes are coated 

with polyoxyethylene which prevents opsonization of liposomes and their 

uptake by macrophages (Senior et al., 1999).Various doxorubicin-

encapsulated liposomal formulations have been clinically utilized for the 

treatment of Kaposi’s sarcoma, breast cancer and ovarian cancer (Paolo, 

2004). Cancer drugs like amphotericin and hamycin, when used as liposomal 

drugs, produce much better efficacy and safety as compared to 

conventional preparations. Quantum dots due to their long-term, high-

sensitivity and multi-contrast imaging properties are used for detection and 

diagnosis of cancer in vivo (Morrow et al., 2007). Nanobiosensors are useful 

for early diagnosis of cancer. They can also effectively be utilized for the 

detection of cancer agents such as environmental pollutants, pathogens 

and carcinogenic gases (Mody, 2011).  

There are different nanoparticle-based delivery systems available for 

therapeutic and diagnostic uses as depicted in Table 1 below 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5425815/#CR49
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Conclusions 

According to the facts, information, invention and innovations concerning 

the application of Nanotechnology in Dentistry, Neurosurgery and 

Biomedicine field mentioned in this paper, one can see that 

Nanotechnology has a significant impact on our lives. Health is wealth. 

Therefore, exploring, researching and investing in nanotechnology it is 

necessary. 
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