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INTRODUCTION 
Nanorobotics is the engineering and application of 

microscopic machines, usually of the size ranging from 

1-100 nanometers. These nanorobots are capable of 

performing specific tasks with atomic precision within 

biological systems and thus are designed for sensing, 

manipulation, and interaction at the molecular level [1]. 
The conceptual groundwork of nanotechnology was laid 

by Nobel prize laureate Richard Feynman in his seminal 

lecture "There's Plenty of Room at the Bottom" where he 

imagined manipulating individual atoms and molecules 

[2]. The nanoparticles were used for drug delivery by the 

group of researchers led by Professor Peter Speiser at 

ETH Zürich in the late 1960s and early 1970s [3]. Robert 

A. Freitas Jr. in his influential paper provided a detailed 

conceptual framework for how nanorobots could 

revolutionize oral healthcare. He envisions dental 

nanorobots performing tasks such as needle- free 

anesthesia, targeted plaque removal (dentifrobots), 
precise caries excavation, enamel remineralization, and 

even rapid orthodontic realignments [4]. 

 

The aim of this review is to systematically analyze the 

cutting-edge developments in nanorobotics pertaining to 

dentistry, categorize its diverse applications, map global 

research trends, and critically discuss the multifaceted 

concerns – including technical, safety, ethical, and 

regulatory aspects – that must be addressed for its 
responsible integration into public health. 

 

STRUCTURE OF NANOROBOTS  
Nanorobots are nanoscale devices which are engineered 

to perform precise medical functions within the human 

body. Their structure is composed of several key 
components that enable autonomous or guided 

functionality in biomedical environments. The outer 

shell or casing serves as a protective layer and ensures 

biocompatibility, commonly made from materials like 

silicon, carbon, diamond, or biodegradable polymers. 

Power sources can be either exogenous (e.g., magnetic 

fields, ultrasound, near-infrared light) or endogenous, 

harnessing body fluids through enzymatic reactions. 

Sensors are embedded to detect physiological cues such 

as pH, temperature, oxygen levels, or specific disease 

markers. These are essential for accurate navigation, 

diagnosis, and target recognition. Actuators drive 
physical actions such as locomotion, tissue interaction, 

or therapeutic release, mimicking biological systems. A 

dedicated payload compartment is used for carrying and 

releasing therapeutic agents—drugs, genes, or imaging 

substances—triggered by internal stimuli like pH or 

external signals such as magnetic fields. Communication 

modules enable interaction with external devices or other 

nanorobots through electromagnetic or wireless 

signalling. Propulsion mechanisms vary, including 
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Abstract:    Nanorobotics, the science and technology of microscopic machinery at the 1-100 
nanometer scale, is poised to revolutionize numerous disciplines, dentistry being at the cutting edge 
of its revolutionary promise. Spurred by Richard Feynman's pioneering ideas and fueled by initial 
nanoparticle drug delivery research, the dream of nanorobots in oral care ranging from needle-free 
anesthetics and plaque removal targeted to defined sites, to caries excavation with precision and 
orthodontic realignments at speed, is advancing at a pace. This review critically evaluates the 
advanced nanorobotics research in dentistry in its detail of the complex framework of nanorobots, 
their biocompatible casing, varied propulsion modes, smart sensors, and cargo space for therapeutic 
delivery. It classifies their varied uses in preventive, restorative, endodontic, periodontal, orthodontic, 
and oral and maxillofacial surgery procedures, and their potential for unprecedented accuracy in 
diagnosis, targeted treatment, and minimally invasive treatments. While international research 
directions highlight remarkable developments in fabrication methods and control systems, especially 
for drug delivery and diagnostics, incorporating nanorobots into public health raises multilayered 
issues. These range from inherent toxicity of certain component materials, biological malfunction or 
unwanted environmental release risks, to the daunting ethical and legal issues like patient consent, 
privacy, misuse, and, most importantly, the lack of integrated regulatory frameworks. Resolution of 
these issues through interdisciplinarity, early risk assessment, and the establishment of a strong 
"nanorobotics law" is essential to ensure the safe and responsible integration of this revolutionary 
technology into upcoming healthcare systems, particularly because of its deep public health 
implications in epidemiology, biostatistics, health policy, social sciences, and environmental health. 
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magnetic, chemical, ultrasound, light-driven, or 

biohybrid (bacteria/sperm-powered) strategies, 

depending on the application and environment. The 

materials used for construction are selected for safety and 

efficiency and include biocompatible options like 
chitosan, gelatine, and even DNA- based origami 

structures. Overall, nanorobots represent an advanced, 

multifunctional platform for future targeted therapy, 

diagnostics, and surgical applications in medicine and 

dentistry [5]. 

 

APPLICATION OF 
NANOROBOTS 
Preventive dentistry 

Biofilm disruption: Nanorobots, in the form of 

dentifrobots and surface topography - adaptive robotic 

superstructures could reach all the parts of oral cavity to 
deliver the drug using the ferromagnetic component as a 

propulsion force and can disrupt the biofilm and thus 

interrupting the colonization of bacteria [6]. 

 

Dentifrices with nanorobots for oral hygiene and plaque 

control: Toothpaste with dentifrobots could locate the 

plaque and disrupt its structure and thus preventing 

plaque formation and maintaining oral hygiene [7]. 

 

Caries detection: Nanorobots in various forms could be 

used to detect cariogenic bacteria and early dental lesions 

which could be treated at the earliest by remineralization 
[8]. 

 

Targeted Antimicrobial Therapy: Nanorobots could 

deliver the drugs at the target with high precision via 

motion- assisted mechanical force which could enable 

the antimicrobial agent to penetrate the targeted site 

where the conventional antibacterial therapies can fail 

[9]. 

Restorative Dentistry 

Caries excavation and restoration: Nanorobots could 

selectively remove the decayed tissue from the teeth and 
precisely place the restorative material [10,11]. 

 

Enamel and Dentin Remineralization: Nanorobots could 

be used effectively to deliver the remineralizing agent 

precisely at the demineralized area and thus promoting 

repair and regeneration of damaged enamel and dentine 

[12]. 

 

Cure for Hypersensitivity: Nanorobots could effectively 

seal the exposed dentinal tubules by depositing native 

biological material and thus producing long lasting effect 

[13]. 
 

Enhanced bonding agents: Nanorobots could be used for 

superior adhesion of the restorative materials [12]. 

 

Endodontics 

Nanorobotic Root Canal Preparation and Disinfection: 

Nanobots could penetrate and remove infected pulp from 

the intricate root canal systems which are inaccessible to 

the current instruments [14]. 

 

Pulp Regeneration and Repair: Nanobots could deliver 

stem cells to the pulp and stimulate regeneration of 
health pulp [15]. 

Periodontics 

 

Diagnosis and Treatment of Periodontal Diseases: 

Nanorobots could precisely identify pathogens and 

inflammatory markers in the gingival sulcus and could 

deliver the therapeutic agent to the target [16]. 

 

Targeted Drug Delivery for Periodontal Pathogens: 

Nanorobots could deliver antimicrobial agents directly to 

the target sites within periodontal pockets and thus 

reducing the systemic exposure [17]. 
 

Bone Regeneration: Nanobots could deliver growth 

factors to the specific sites to promote regeneration of the 

lost alveolar structures [18]. 

 

Orthodontics 

Nanotechnology offers significant advancements for 

orthodontics by enhancing bracket and archwire 

performance. Through innovative nanocoatings, 

nanoelectromechanical systems, and nanorobots, several 

benefits could be achieved like reducing friction, 
preventing bacterial growth and biofilm formation, 

optimizing tooth remineralization, improving the 

corrosion resistance and biocompatibility of metal 

components, and precisely controlling orthodontic tooth 

movement for accelerated or decelerated results [19]. 

 

Oral and Maxillofacial Surgery 

Minimally Invasive Surgical Procedures: Nanobots 

could perform precise surgeries for tumor excision and 

repair procedures [20]. 

 

Targeted Cancer Diagnosis and Therapy: Nanorobots 
could be engineered to detect cancerous cells at their 

earliest stages and deliver chemotherapeutic agents 

directly to tumor sites, thus minimizing damage to 

healthy tissues and improving treatment efficacy for oral 

cancers [21]. 

 

Pain management and anaesthesia 

Needle-Free Local Anesthesia: Nanorobots could deliver 

the local anesthetic agent to the nerve endings and 

causing numbness without the need for injection prick 

and thus lessening dental anxiety and discomfort [20]. 
 

GLOBAL RESEARCH TRENDS 
AND DEVELOPMENTS 
Researchers are currently in the early stages of 

developing electrically controlled micro/nanorobots, 

with their primary focus on fabricating and manipulating 

these robots to address complex clinical needs [22]. 
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Current nanorobot research is being largely driven by 

their immense potential in medical applications, 

transforming diagnostics, therapeutics, and precision 

engineering. Also, a primary focus remains on targeted 

drug delivery, where nanorobots precisely transport 
therapeutic agents to diseased cells, minimizing side 

effects and enhancing treatment efficacy, particularly in 

oncology and cardiovascular diseases. Beyond drug 

delivery, researchers are exploring their use in minimally 

invasive surgery, enabling interventions at the cellular 

level and potentially replacing traditional surgical tools 

to reduce trauma and recovery times. Furthermore, 

nanorobots are poised to revolutionize advanced 

diagnostics and imaging, equipped with nanosensors to 

provide real-time biomarker data for early disease 

detection and personalized monitoring. The field also 

sees significant activity in regenerative medicine and 
tissue engineering, with nanorobots assisting in cellular 

repair and delivering critical growth factors for wound 

healing. [23, 24, 25, 26] 

 

Fueling these applications are continuous advancements 

in enabling technologies and fabrication methods. 

Cutting- edge nanofabrication techniques like atomic 

layer deposition, DNA origami, and 3D printing are 

allowing for the precise design and assembly of these 

microscopic machines. Researchers are developing 

diverse actuation and control. mechanisms, utilizing 
magnetic, electric, light, and acoustic fields, as well as 

chemical reactions and even biological propulsion from 

microorganisms, to ensure real-time control and 

navigation within the body. Crucially, there's a strong 

emphasis on developing biocompatible and 

biodegradable materials to ensure the safe and temporary 

presence of nanorobots within biological systems. 

[23,27,28,29,30] 

 

CONCERNS AND CHALLENGES 
With as much the nanorobots could be beneficial and 

advantageous, there do exist various challenges in 

harnessing their benefits and concerns for their proper 

handling and disposal. The production and 

implementation of nanorobots bring heavy ethical and 

legal issues, such as patient consent, privacy, misuse 

possibilities, long-term safety, and the absence of 

complete regulatory systems to manage their 
employment in medical and non-medical use. 

 

One of the main issues is the toxicity of materials 

typically employed for building nanorobots. Materials 

like nickel, cobalt, silver, quantum dots, and carbon 

nanotubes have been recognized for their cytotoxic, 

genotoxic, or allergenic effects, creating major safety 

concerns. Even biologically based nanorobots, for 

example, DNA-based nanorobots, may cause immune 

reactions or disrupt genetic function [31]. 

 
Another significant problem is the potential for 

biological malfunction or misfiring. Nanorobots can 

miss their target tissue or deliver therapeutic agents in the 

wrong location. The devices are hard to retrieve or 

inactivate once injected into the body, adding risk from 

unintended consequences. Also, environmental exposure 

is another hazard, as nanorobots might be excreted out of 

the human body or inadvertently released during 
manufacturing. Their ecological behavior is not yet well 

understood, but bioaccumulation and adverse effects on 

microorganisms and aquatic organisms are of concern 

[31]. 

 

The propulsion systems of certain nanorobots poses 

additional risks. Ultraviolet light, hydrogen peroxide, or 

heavy metal-powered systems can result in cytotoxic or 

environmentally active risk. Aside from technical risks, 

substantial social and ethical implications exist, such as 

unclear regulatory classification, risk for abuse (e.g., 

spying or war), and public distrust of privacy and 
autonomy [31]. 

 

Lastly, there is a wide regulatory gap since current 

legislation tends to focus on passive nanomaterials while 

not considering nanorobots’ interactive and autonomous 

characteristics. They suggest undertaking early-stage 

risk assessments, involving stakeholders, and setting 

robust regulatory categories to facilitate safe and ethical 

integration of nanorobots into society [31]. 

 

There are serious theoretical and practical legal issues, 
including the lack of uniform definitions, ill-defined 

legal status of nanorobots, and inconsistencies in 

jurisdiction between nations. In the nanorobots research 

and development where medicine, technology, and law 

meet, establishes new types of legal relationships not 

only between doctors and patients but also among 

developers, technicians, and machines [32]. One 

important point of concern is the allocation of liability: 

in case a nanorobot harms someone, no one knows 

whether the liability falls on the manufacturer, the 

programmer, the healthcare providers, or the developer 

of the software. At present there is dependence on 
generic medical device legislations, which prove 

insufficient to counter the distinctive characteristics of 

autonomous, nanoscale robots operating within the 

human body. Gulyaeva, P. S. support crafting a 

"nanorobot law", syncretizing RoboLaw and nanoethics 

principles, and suggests legal frameworks grounded on 

Isaac Asimov's three laws of robotics, but modified in 

accordance with in vivo medical applications. Further the 

author demands interdisciplinary, forward- looking, and 

ethically grounded legal innovations for the safe 

introduction of medical nanorobots into healthcare 
systems [32]. 

 

PUBLIC HEALTH 
IMPLICATIONS 
Nanorobotics overlaps with each of the five traditional 

core areas in public health: epidemiology, biostatistics, 

health policy and administration, social and behavioral 

sciences, and environmental health. Nanorobotics has the 
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potential to augment epidemiologic surveillance through 

real-time tracking of disease and individualized data 

analysis. Biostatistics will be essential in assessing the 

safety and efficacy of nanoenabled medical treatments. 

Health policy and management will have to adjust to 
govern these new technologies as well as make them 

widely accessible. In the meantime, social sciences need 

to solve matters of concern to the public and encourage 

responsible health practice, and environmental health 

need to determine long-term nanoparticle exposure 

impacts on ecosystems and human health [33]. 

 

CONCLUSION 

Nanorobotics is a paradigm shift in dentistry that 

provides unprecedented diagnostic, therapeutic, and 

regenerative capabilities at the nanoscale. With 

advancement in this area, its application to oral 

healthcare promises to revolutionize patient 

management, minimize drug systemic exposure, and 

allow for personalized treatments. Such benefits can only 

be achieved, however, by overcoming major safety, 

environmental sustainability, ethical, and legal 

accountability challenges. Public health structures need 
to adapt by introducing nanorobotics under strict 

monitoring, participatory policymaking, and multi-

disciplinary training. Formulating comprehensive laws 

that take into consideration the interactive and 

autonomous capabilities of the nanorobots, coupled with 

stakeholder coordination, is key. Through concerted 

international cooperation, nanorobots can be inserted 

into dental practice in a safe manner and meaningfully 

contribute to 21st-century public health development. 
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