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                                                                 Abstract  

The merging of artificial intelligence (AI) and nanotechnology presents a transformative potential 

for current health care systems. The historical frameworks and paradigm shift within these two 

powerful technologies, are initially presented to garner a better understanding of this mind-

boggling and novel convergence. This synergy harnesses the strengths of AI's data processing and 

decision-making capabilities with nanotechnology's molecular and atomic level precision. The 

deployment of nanomaterials is enhanced when AI algorithms’ capabilities optimize their 

functional properties for targeted drug delivery, diagnostics, and personalized treatment plans. 

Nanotechnology, in turn, furnishes AI with unprecedented access to biological data at a nano-scale, 

making more accurate predictions and tailored therapeutic interventions possible. This integration 

is moving forward to revolutionize patient care by enhancing diagnostic accuracy, reducing 

treatment side effects, and improving overall health care outcomes. Challenges such as ethical 

considerations, data privacy, and regulatory frameworks are discussed to ensure safe and effective 

implementation. Ongoing innovations and creations are also explored. The paper concludes with 

a future outlook on the potential advancements in AI and nanotechnology, emphasizing the 

importance of interdisciplinary collaboration across the board, in order to realize the full 

synergistic potential of these two grand-master technologies in health care. 
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                                                      CHAPTER ONE    

                                                          Introduction 

                                                              

1.1 Introduction 

     Artificial Intelligence (AI) and nanotechnology are now making massive waves. Like a tsunami, 

they pummel the technological, global stratosphere with a constant and ever-increasing force.  The 

eventual scientific merger of AI and nanotechnology cannot be ignored, as they dig themselves 

deeper into international geo-socio and political fabrics. Delving into how these two cutting-edge 

technologies synergize and impact health care systems will be highlighted in this study, as health 

care systems currently manage some of the integrated solutions and applications of AI and 

nanotechnology into their services. With such continuous applications, a profound transformation 

of healthcare and improvement of administrative processes, diagnostics and treatment planning 

will ultimately be seen. 

    This research paper therefore aims to bring forward the big picture of the revolutionary 

transformation of health care systems through AI and nanotechnology, discussing their synergies 

and impacts and demonstrating how this blending of AI and nanotechnology can drive more 

efficient patient care and cost-effective benefits, spurring on many more ideas and innovations   for 

the further development of health and wellness for the international community. Many recipients 
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of health care can be given positive life-changing experiences because of these various AI and 

nanotechnology health care mobile apps which are on the market today. Healthy competition is 

now rife, as many companies in the medical industry race forward to employ AI and 

nanotechnology within the scope of their products and services.  

     On-going communications and negotiations with relative departments of health care 

administrations in their geo-socio domains, world health care organizations and watchdogs 

continue to make sure that the tools of AI and nanotechnology are eventually deployed effectively 

for many medical procedures, practices and services. Such is done ensuring that all best synergistic 

practices and procedures are maintained, which include accessing and evaluating impacts in all 

healthcare processes involved in the innovation and deployment of AI-nano apps and tools.  

     Ultimately, health care administration governs this marriage of AI and nanotechnology in the 

adoption of health care services and tools. Health care international administrators eventually 

evaluate all these AI-nano products and services giving the pronouncement of whether these AI-

nano products would be utilized. Many of these products and services are designed in the R&D 

(research and development) departments of universities and institutes which support 

nanotechnology, integrated with AI and machine learning. Many hospitals, laboratories and 

medical industries are also part of this innovation hub. They then present their developments, 

findings and recommendations to various hospitals, nursing facilities, medical industries and 

related institutions worldwide.   

     Coursera staff authors (2024) note that health care administrators positively impact a vast 

number of people internationally, more so than doctors or nurses. Now more than ever, it is 

important that health care administrations oversee and understand AI and nanotechnology 

thoroughly, along with its ramifications and implications. This research paper is geared to 
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accomplish such, while also presenting limitations, challenges, solutions and recommendations. 

This study can be eventually used as a future blueprint in identifying some of the best AI tools and 

applications now fusing well with nanotechnology. Their synergies and impacts are discussed, 

showing how their innovative solutions have made significant strides in today’s health care 

systems and can continue mapping future milestones for the deployment of AI and nanotechnology 

in healthcare systems. 

1.2 Background of the Study 

      Writing the background perspective of this study, rewinds it to a baby-boomer’s time capsule, 

which involved the proliferation of the Internet. To me, being involved in this era was fascinating 

and mind-boggling, and it was a prize to have witnessed and participated in the unfolding of the 

Internet technologies. Early AI systems functioned on their own without the Internet, but these 

Internet technologies played a major role in the turning of the tide of AI and catapulting it into a 

digital Juggernaut and up-and-coming disrupter. Bommelaer de Leusse (2017), former Vice 

President, Institutional Relations and Empowerment of the Internet Society up until 2022 declares: 

“AI isn’t new, but its recent acceleration can be explained by its convergence with big data and 

IoT, and the endless applications and services it allows.” (Para 3, ll. 1-3).  In retrospect, persons 

born between 1945 and 1965 are termed ‘baby-boomers’ because they were being born in large 

numbers then, and many of them brought great prosperity to the U.S. economy. (THE 

INVESTOPEDIA TEAM, 2024). Some of them remain highly influential today, and include noted 

technologist and philanthropist Bill Gates, who was born in 1955. Being an avid participant of the 

transformation from CD-ROMs to HTML, and other current Internet related software and 

hardware protocols, it is appropriate to say that many people of this baby-boomer era perceived 

the Internet as the real AI of that era, and the study of computer science bore a novelty similar to 
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that of studying nanotechnology today. The transformation of information by way of computer 

programming, FTP (file transfer protocol) and related processes seemed phenomenal in the ‘baby 

boomer’ era just as AI seems mystical and promising today. Many CEOs of various corporations 

in the ‘baby boomer’ era were imploring their managers to learn HTML (Hypertext Markup 

Language), since they believed such would give their companies a lead in the up-and-coming 

Internet technologies, bringing in much profit for their outfits. Many of these companies eventually 

became ‘top-of-the-line’, as they carved out sections of the Internet and placed their businesses on 

the stock markets. Some of them included Microsoft, Apple, Facebook, (Meta), Google, 

(Alphabet) and Amazon. In addition, vast amounts of organizations in the health care industry, 

used the tools and services of many of these high-tech businesses, which helped to bring about 

more efficiency within many health care systems. It is interesting to note that a large number of 

Internet technologists and the Internet community then, were fearful of the Internet crashing 

forever. (Layton, 2024). This fear came about because of the loads of information from humongous 

data files, which included text, videos, gadgets and devices. These companies, including many 

ISPs (Internet service providers) complained that there was not enough bandwidth to carry the load 

from the Internet over the routers of LANs (Local Area Networks) and WANs (Wide Area 

Networks). It must be remembered that almost all of the international communities now rotate 

around the Internet and AI. AI is now a big player, riding, surfing and gliding in and out and around 

the world wide web (WWW). It uses algorithmic super-power that answers prompts and queries 

from requested data, churning out texts and data and images back on screens, like an invisible 

human speed texter, expertly composing paragraphs and summaries and indicators of all sorts. 

Many companies are now carving out AI sections with naming, branding and hugging these AI 

sections. They are even calling some of their managers AI specialists. However, the Internet itself 
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was started from ARPANET, a program which was launched by the United States Military. 

(Wright, n.d.). ARPANET’s research goals focused on how to prevent computer crashes, since 

their designs included logistical methods with respect to data packages, which proved that if a 

computer crashes in one location, it would not affect another computer with the same information 

in another part of the same country or another country.  The Internet has never collapsed on a 

global scale with respect to the handling of many large data files. As a matter of fact, more and 

more apps are continuously being developed and uploaded by Internet creators, developers and 

content providers, with AI and nanotechnology being part of those tools that the health care 

industry avidly embraces and currently deploys. 

     A historical snapshot of the Internet’s catapulting into the global technological ecosphere is 

significant because at present the Internet is the carrier and epicenter of AI which also involves 

machine learning. The internet facilitates the integration of AI with nanotechnology for designing 

tools, apps and further research. Without the Internet many platforms would not be accessible on 

a speedy basis. It is this this speed that drives the efficiency of many types of operational and 

strategic procedures within many international organizations which include health care systems. 

AI operates with lightning speed driven by the Internet and its connectivity.  Many CEOs are now 

calling on their managers to embrace AI and nanotechnology knowledge. Ultimately, most 

technological maneuvers depend on the Internet’s carrying and routing capabilities to effectuate 

the progress of AI and nanotechnology as their formidable journey continues.  

1.3 Artificial Intelligence Defined  

Artificial Intelligence (AI) is a digital computer’s or computer-controlled robot’s capability of 

executing characteristics usually belonging to intelligent beings. Some of these abilities include 

seeing and interpreting the environment, processing spoken word into text, also called speech 
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recognition, selection of logical choices and interpreting languages. (Encyclopedia Britannica, 

2021). It is important to note, according to Encyclopedia Britannica (2003), that a digital computer 

is “any class of devices capable of solving problems by processing information in discrete form 

and operates on data, including magnitudes, letters and symbols, that are expressed in binary code- 

i.e., using only the two digits 0 and 1.” (Encyclopedia Britannica 2003, ll. 1-8). IBM (2024) gives 

a succinct description of Artificial Intelligence (AI), as technology which allows computers and 

machines to imitate humans’ intelligence, reasoning, execution and deployment abilities. (IBM, 

2024). 

 1.4 Nanotechnology Defined 

      According to NATIONAL GEOGRAPHIC (2024), nanotechnology investigates how 

individual atoms and molecules can be manipulated, and aims to comprehend the nature and 

control of matter at what is called the nanometer scale, a measurement between 1 and 100. This is 

a very small measurement and a nanometer (nm) is equal to 1/1,000,000,000 meters, not being 

able to be detected by the naked eye, and not even with an ordinary microscope.  NATIONAL 

GEOGRAPHIC 2024, continues to explain that when atoms and molecules are viewed or 

manipulated on the nanometer scale, they can become unique, lending more durability, surface 

area or even better conduction. These unique characteristics are probed for many uses, which 

include improving upon consumer products, correcting negative, environmental scenarios and 

resulting in positive news for many other concepts in medicine including chemotherapy and 

radiation treatments.                                 

1.5 Aim of the Study 

      The goal of this paper is to show that the rise and fusion of AI and nanotechnology will 

eventually have a celebrated and ongoing impact on health care systems worldwide. The goal of 
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AI itself is to conquer the creation of technologies that exhibit human, intellectual brain functions, 

which include rationalizing, searching and discovering issues or facts and related scenarios, 

general association and taking cues from past life events. It must be remembered that digital 

computers, which are the ‘veins, pulses and bloodstream’ of AI, were here as far back in the 1940’s, 

and we have witnessed programming of them to master intricate tasks and command networks, 

which eventually climaxed into the present world wide web (WWW), with all its codes, links and 

hyperlinks. According to Encyclopedia Britannica, (2021, July, 24) in an article entitled ‘Artificial 

Intelligence summary’, returning mathematical proofs, competing at chess, and executing other 

digital processes with great dexterity are no longer esoteric, but as AI’s cutting-edge technological 

march continues, its aim is to match the intelligence of human beings, which is conducted by 

processes in the brain. AI is gaining full speed on imitating these processes of the human brain, 

which interpret daily knowledge for mastering and surviving in their various environments. 

Encyclopedia Britannica (2021), shows what would be considered a crude and old-time 

technological contraption today, but a masterpiece in its era, ‘Pebbles The Robot,’ a small toy-

looking, robotic tractor, able to glide around collecting samples or handling harmful items, with 

its attached arm. Its vision was based on one camera as its sensor. This early experimental robot  

was developed in the late 90’s by a MIT research team. (Encyclopedia Britannica, 2021).  

 

Figure 1: One of the earliest designs of a robot which tried to simulate some aspects of human intelligence. 

Source: Encyclopedia Britannica, (2021), https://www.britannica.com/summary/artificial-intelligence 

https://www.britannica.com/summary/artificial-intelligence
https://cdn.britannica.com/12/62112-050-27372350/Pebbles-robot-control-system-size-part-obstacles.jpg
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      At current, AI is being used in developing many medical procedure apps, which come close to 

simulating many human functions, with some using machine language to effectuate this fusion 

with nanotechnology. (Encyclopedia Britannica, 2021).  Machine language, according to 

ScienceDirect.com (n.d.) is the coding language computers understand. It is essentially 

programming languages to which computers respond.  This paper will delve into the synergistic 

development of new medical apps and procedures for the health care systems which employ AI 

and nanotechnology. Their impacts include the potential of breaking new grounds and coming up 

with more discoveries in diagnostics and overall patient care and treatments. In the Bible, 

according to Bible Gateway (n.d.) there are references made to the blind seeing again, and the 

bedridden or lame walking again, through miraculous interventions.  Such is reminiscent of the 

relief being brought to many health care recipients with various complaints and diseases by way 

of AI-nano apps and tools, which revolutionize various aspects of health care on this miraculous, 

seeming level.  

     Nanotechnology in health care systems is moving ahead in conjunction with AI and machine 

learning to personalize medical tools and procedures making them more inexpensive, easier to 

carry, and to be safely administered. For instance, silver nanoparticles can destroy dangerous 

microbes when instilled in bandages. Such is particularly useful in the healing process of burns, 

including chemotherapy and radiation treatments. Nanomaterials with several branches called 

dendrimers are being investigated for the enhancement of the speed and efficiency in rendering 

drugs to clients and there have already been experiments with this drug delivery procedure to 

decrease the invasion of symptoms resembling cerebral palsy in rabbits. (NATIONAL 

GEOGRAPHIC, 2024). This paper will explore and identify many of such tools now used in 
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healthcare, offering innovative solutions which provide health care benefits and enhanced patient 

care. Due to these tools, care in many business and health care processes are now being 

streamlined, cutting out time consuming and arduous tasks, decreasing errors, promoting better 

planning with more efficiency. According to Team Kissflow (2024), leading technologist, Bill 

Gates was on target when he declared that automation strengthens the efficiency of processes 

within an organization. (Kiss Flow Team, 2024).  AI and nanotechnology are fast becoming part 

of the automation processes on many different levels. 

 

 Figure 2: Health care processes will benefit tremendously from constant innovation in automation of processes. 

Source: Team Kissflow, (2024),  

https://www.kissflow.com/workflow/bpm/business-automation/streamlining-business- process/ 

 

1.6 Limitations of the study  

     Since computers depend on a central processing unit (CPU) that facilitates sequential 

instructions, then AI will have the same programming mechanisms associated with the computer 

brains or its CPU. According to Anwar (2023), although CPUs now have greater speed due to 

innovations in the present cutting-edge technological industry, they are incapable of matching the 

capacity of the human brain to gather and process intricate real time information. (Anwar, 2023). 

Anwar also posits that computers, whether electronic, analog or quantum, have the capability of 

processing and storing information and memories, but in significantly different ways from the 

human brains. The author points out that a complex network of neurons which transmits electrical 

https://www.kissflow.com/workflow/bpm/business-automation/streamlining-business-%20process/
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signals controls the operation of the human brain, which facilitates parallel processing driving the 

performance of many tasks at the same time. Also, one has to consider the possibility of errors and 

bugs and the eventual discrimination and inequities which can result if AI is not reined in 

appropriately. Limitations of the study with respect to nanotechnology involves what is termed 

nano-pollution. Such is related to the manufacturing of nanomaterials which can engender some 

forms of toxicity in animals, plants or microbes by intent or accidentally. This is an ethical 

challenge. Another limitation of the study is a financial challenge whereby much money is needed 

for nanotechnology research, which many underdeveloped countries cannot afford. (NATIONAL 

GEOGRAPHIC 2024).  
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                                                   Chapter Two 

                            Literature Review, Historical 

                            and Theoretical Framework 

 

2.1 Literature Review  

       Within this study, references are made to past and current trailblazers and responsible 

reference sources of their conquests are explored giving pertinent facts, exhibition and links.  Some 

of these technological innovators and scientists have made significant contributions since the era 

of Bill Gates and before. Today, many international seminars and conferences for stakeholders on 

how health care systems are being impacted by AI and nanotechnology, are careful not to exclude 

some of these theorists and visionaries. Many researchers, scholars and students eventually benefit 

from the historical facts and perspectives of leaders who influenced the development and creation 

of AI-nano apps and tools, which are being deployed in international health care systems at present. 

It is mandatory that stakeholders understand the social and scientific ramifications of the synergies 

and impacts of AI and nanotechnology and what their continued research and development hold 

for the future of health care systems. In addition, it must be remembered that there were all kinds 

of speculation about the future of the telephone when it was first invented, similar to what is 

happening with AI and nanotechnology today. The current smart-phone, an innovative, smaller 

and powerful off-shoot of the telephone, can communicate with great speed, information about AI-



 
 

23 
 

nano technologies. This is indeed a reminder that innovation is the lifeblood of technology, and 

existing technologies could always be improved upon for the benefit of many industries, including 

the health care industry.  

     Trusted and established media sources are used in this study to give ‘blow by blow’ associated 

news, commentaries and updates. Surveys, national and government online data-bases, social 

media interviews, scholarly articles and critical reviews, related journals and some traditional news 

sources, are some of the resources employed to explore the development of the big picture of AI 

and nanotechnology in this study. Even though the mainstay of technology and innovation is 

hinged upon healthy competition, innovation many times culminate in being a subconscious, 

collaborative effort of the intellectual spirit and mind, with many individuals contributing to 

technological advancements. There are countless theorists and technologists who have shaped the 

global technological terrain, both for AI and nanotechnology, and this study will explore the 

contributions of some of these noted scholars.   

     At present, social media is fast becoming a more popular source for information rather than 

many traditional sources which include newspapers and television. With this knowledge in mind, 

many topics and issues from social media can be fact-checked by using relevant online research 

media such as Encyclopedia Britannica and other authoritative research databases. They can be 

used as a means of verification of topics and issues coming from social media sources. Today, the 

power of digitalization has made almost anyone with a smartphone, notebook, or laptop a 

‘journalist,’ ‘presenter,’ ‘influencer’ or ‘researcher.’ Therefore, it is necessary that there must be 

discrimination of all facts, opinions and issues presented from social media stories and 

presentations.  Many traditional national newspapers and television stations have stood the test of 

time as sources for credible and reliable information and usually insist in not placing speed over 
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accuracy, since lawsuits can easily find paths into these outfits. These sources can provide well-

researched information, views, analyses and perspectives on many geo-socio-politico 

ramifications. As a former U.S. university-trained journalist, who pursued in-depth studying and 

observation of the styles and formats of the international press coverage systems and news 

gatherings formats, a vouch pertaining to their credibility can be agreed upon. 

2.2 Demystifying AI and its Evolution 

      When the participants and stakeholders of a current era of technology know the history of its 

technological, pioneer predecessors, this can give them a strong backbone with more visionary and 

innovative spirit. That current era ultimately retains power to ascribe to itself many cutting and 

competitive edge improvements, developments, inventions and creations, within the sphere of its 

technological landscape. This historical knowledge serves as a reinforcer to ascend into novel 

technological levels. For instance, the telephone was a phenomenal, speech communication and 

transferal technological device of the 19th century, which morphed into other telephony data 

transmission products. Next came the entry of an innovative, digital technological counterpart, the 

Internet in the 20th century. Now, AI technology is proliferating itself via this same Internet in this 

21st century, with a fiery fusion around nanotechnology. This synergy is racing to bring 

advancement to the healthcare landscape in a really significant and fascinating way.  Even though 

this paper focuses on how such fusion impacts healthcare systems, there are some technological 

visionaries, theorists and practitioners worthy of mention, who have been opening up innovative 

and creative portals of the AI-nano industry.  A thorough explanation is therefore needed about the 

history of this AI-nano industry, because some of this innovation and creation can come from 

within the global healthcare industry itself, to be eventually deployed in its functions and 

operations. Many educational institutions and facilities both in the private or non-private health 
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care sectors, such as venture capitalists and government institutions give generous amount of funds 

to help spearhead much of this technological research involving inventions and creations. Health 

is also considered a supreme wealth, and an international community is among the greatest  

stakeholders of the AI-nano health care revolution. It is therefore imperative that health care 

systems understand the geo-socio-politico and scientific ramifications of the fusion of AI and 

nanotechnology within these domains, and what really lies ahead with respect to R&D for health 

care systems. It is not an overstatement to declare that many present AI-nano technologists, 

theorists and researchers would have read about or studied in great depth, whether formally or 

informally, the historical and theoretical perspective of AI and nanotechnology. Their dedication 

to their work and ideologies shines brightly as they seek out their coves and alignments, to focus 

and investigate theories and hypotheses and to present their important creations, developments or 

findings to the world’s platforms. 

2.3 Some AI Trailblazers of the 20th and 21st Centuries 

       Bill Gates founded Microsoft Corporation in 1975 with his childhood friend Paul Allen. Gate’s 

visionary leadership resulted in the designing of Windows, which became a cutting-edge 

application in the software arena. Gates and Allen then went on to launch Microsoft Office, loaded 

with applications which the health care systems and industries heavily rely on today. In the late 

90’s to early 2000’s, Microsoft offered many levels of certification training with respect to its 

mission. The Microsoft Certificate Systems Engineer (MCSE) ranked highly with IT professionals, 

degreed or not, and rewarding jobs were attainable with this now ‘legacy’ product. Microsoft has 

now updated to more role-based certifications. (MICROSOFT LEARN, n.d.). According to 

National Science & Technology MEDALS FOUNDATION (2024), “Microsoft aimed to get a 
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personal computer on everyone’s desk.” (para 2, ll. 4-5).  At present, Bill Gates is rooting for the 

positive, non-discriminatory outcome of AI for humanity on the whole.  

     Sam Altman, the present CEO of Open AI is famous for his influential essays and speeches 

about technology, startups and is both excited and anxious about what AI holds for the future of 

technology itself, which include health care systems. Altman is an avid investor in the present AI 

ecosphere, and according to Gregerson (2024), Sam Altman has been likened to some tech 

stalwarts including Steve Jobs and also Bill Gates. Altman is well-noted for sticking to his opinion 

that artificial general intelligence (AGI) will eventually master the capability to simulate humans 

effectively.   

     Many high-tech companies and startups are carving out AI-nano sections and making 

applications peculiar to their companies, as they avidly seek out investors. For instance, Elon 

Musk although he was associated with founding a fin-tech firm, Pay Pal in 2007, and one dealing 

with space exploration in 2002 called SpaceX, he has ventured into AI research on a mammoth 

scale by co-founding Neuralink, a neurotechnology company, in 2016. (Gregerson 2024). 

According to Verita Neuro (n.d.), the Neuralink device has many electrodes, that can pick up 

signals from a wide range of neurons when implanted in the brain. The author notes that the goal 

of Neuralink, according to Musk, is to help with the challenges of many diseases and disabilities.   

      Google (Alphabet) was created, designed and programmed with prolific apps on demand and 

with a giant search engine by Larry Paige and Sergey Brin. Founded in 1998, according to Hall 

and Hosch (2024), Paige stopped being the CEO in 2019, but retained a strong-hold on the 

company, vigorously laying out strategic AI plans and models. Sergey Brin, however, has a more 

recent active AI role and descends on the company regularly for AI R&D research and round table 

discussions with current CEO Sundar Pichai and his Alphabet team. Google eventually launched 
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its AI tool ‘Bard’, geared to give stiff competition to Microsoft’s Windows AI tool and has been 

promoting stakeholder participation, which started exclusively among its employees. (De Vynck 

& Tiku, 2023).  

     Mark Zuckerberg, retained his brilliance in the shaping of Facebook (META), this giant 

social-media platform, which he founded in 2004. (Encyclopedia Britannica, 2024). Zuckerberg 

has strategically placed the integration of AI across his social media products for what he deems a 

rewarding customer experience, venturing into the virtual reality and simulation, which he calls 

the ‘metaverse.’  

     Jeff Bezos is the founder of Amazon which he started from his garage in Seattle, Washington 

in 1994. (Encyclopedia Britannica, 2024). Bezos is considered to be one of the world’s richest 

entrepreneurs, and at present he is focused on supporting and funding novel ways of using AI 

through his Bezos Earth Fund. (BEZOS EARTH FUND, PRESS RELEASE, 2024) 

      Steve Jobs co-founded Apple in 1976 with Steve Wozniak.  They were the technology 

pioneers who created Apple’s first computer, Apple 1, seen in figure 3, which was a commercial 

success, bringing the graphical user interface (GUI) into being adopted on a mammoth scale, 

instead of the mostly text interfaces, which were being programmed for the screens. Jobs and 

Wozniak spearheaded new milestones, making the world of computers more user friendly, less 

bulky, with an array of software capabilities for many industries including the health care 

landscape, defining the wonders of modern technology of their era. (Levy, 2024).  In his lifetime, 

Steve Jobs held a strong, positive position on the transformative potential of AI and saw a grand 

future where it emboldened creativity and productivity for everyone.   
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Figure 3: Apple 1, Apple’s first computer created by Wozniak and Jobs 

Source: Vonhuben, U. (2014, December 30). File: Apple 1 mfk bern.jpeg 

.            

     Today, the study of computer science with its various levels of programming suiting the needs 

of many technological platforms, remains pronounced and benefits many areas including  health 

care systems. Integrated computer hardware and software with many wide ranges are used in 

healthcare systems for many procedures such as administrative tasks, which include billing, 

scheduling, lab tests and results, X-rays, CT scans and overall management of patient records. 

Surely, these present forms of digital technologies being utilized through computerization, 

involved early forms of AI, and the current forms continue to revolutionize health care settings.   

2.4 Some Early Stripes in AI Philosophy and Computing 

      Some early stripes in AI and computing were ignited by a technological researcher named Alan 

Turing. According to Aron (n.d.), “Alan Turing was one of the most influential British figures of 

the 20th century. In 1936, Turing invented the computer as part of his attempt to solve a fiendish 

puzzle known as the Entscheidungsproblem.” (para1. ll.1-3). This was a difficult problem for 

mathematicians then, who were trying to figure out if any mathematical statement could be said to 

be either true or false when a step-by-step procedure, which is termed an algorithm today, was 

applied. (Aron, n.d.). Turing tackled the problem by envisioning a machine with an extremely long 
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tape plastered with symbols, feeding instructions to the machine, giving information on the 

manipulation of other symbols. (Aron, n.d.)  The author explains: “This universal Turing machine 

as it is known, is a mathematical model of the modern computers we all use today.” (para 3, ll. 3-

4). Therefore, Turing is hailed as the founder of AI and its philosophy, accomplishing the first set 

of noted works in the field of artificial intelligence. (Copeland, 2024). 

 

Figure 4. The Turing Test involved two humans and one machine 

Source: TechTarget. Enterprise AI. Definition. Turing Test. https://www.techtarget.com 

      

In 1950, when Alan Turing wanted to test whether a computer could carry out the process of 

thinking, he proposed a test then named the “imitation game” which involved two humans and one 

computer. The game which was eventually called the ‘Turing Test,’ was rubbished in some past 

schools of thought, because of what they perceived as limitations posed by “yes” and “no” 

questioning involved in the test. The Editors of Encyclopedia Britannica (2024) explain that “In 

late 2022, the advent of Chat GPT reignited conversation about the likelihood that the components 

of the Turing Test had been met.” (para.2, ll. 16-17). 

https://www.techtarget.com/
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Figure 5: How chat-GPT works 

Source: Open AI 

https://www.uca.edu/cetal/chat-gpt/# 

(Legend- legibility of words written under A, B, C and D in step 2: A-In reinforcement learning the agent is…B-

Explain rewards…C-In machine learning…D-We give treats and punishments to teach…)         

 

Chat GPT (Chat Generative Pre-Trained Transformer) has emerged as a disrupting form of AI 

technology that has left academia and the traditional media, and many other scholastic platforms 

surprised, because of the inability to determine the difference between a Chat GPT’s conversation 

and a human’s conversation. In addition, Chat-GPT has an almost magical capability to interact in 

a conversational written form that is easily understood by a human. (Gregerson, 2024).  

     University of CENTRAL ARKANSAS (2024) notes that Chat GPT, was created by Open AI, 

and also creates conversation from an artificial intelligence program using machine learning 

https://www.uca.edu/cetal/chat-gpt/
https://uca.edu/cetal/files/2023/01/Screen-Shot-2023-01-20-at-11.39.05-AM.png
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algorithms, and that Open AI itself is a chatbot of high capabilities. Figure 15 shows how Chat 

GPT works by extracting and analyzing large amounts of datasets in its grammatical and contextual 

settings, eventually ‘outputting’ desired responses to user queries.  

     American engineer J. Presper Eckert, Jr. built the ENIAC (Electronic Numerical Integrator 

and Computer) in 1943 under a government financed contract, and it is considered as the first 

programmable general-purpose electronic digital computer and a ‘giant brain’ in its era. It was 

completed in 1945 and its structural design filled a large room. It was able to compute values 

associated with artillery designed especially for such during World War II. (Freiberger & Swaine, 

2024).  

 

 

 

 

 

 

 

 
Figure 6: ENIAC computer also referred to as “giant brain”, in its era Source: Freiberger&Swaine,(2024). 

 EncyclopediaBritannica.  https://www.britannica.com/technology/ENIAC 

    

  

The UNIVAC (UNIVersal automatic computer) line of computers then entered the revolutionary 

line up, designed by Eckert and Mauchly in 1949. It became the first American stored-program 

computer. A keyboard- console typewriter was used for simple input, and a magnetic tape was used 

for more relevant and significant input and output. Printed output was inscribed on tape to be 

eventually processed on a separate tape printer. (Encyclopedia Britannica, 2024). According to 

CHM Computer History Museum (n.d.) “Computing burst into popular culture with UNIVAC 

https://www.britannica.com/technology/ENIAC
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(Universal Automatic Computer) arguably the first computer to become a household name.” (Para 

1, ll. 1-2). 

 

Figure 7. UNIVAC. “Arguably the First computer to become a household name.” 

Source: CHM Computer History Museum (n.d.) https://www.computerhistory.org 

 

 

2.5 Demystifying Nanotechnology and its Ongoing Revolution 

       According to USNews & World Report (2024), there are many reputable international colleges 

and universities based in countries like the United States, Canada, China, France, Germany, Italy 

and the Netherlands offering degrees in nanotechnology. Some of them offer opportunities for 

stellar and cutting-edge research in material sciences and biomedical sciences. Those in the U.S. 

include Massachusetts Institute of Technology (MIT), Stanford University, University of 

California (UC Berkeley), Georgia Institute of Technology (Georgia Tech), Purdue University, 

with Purdue’s Birck Nanotechnology Center a hub for research and education in nanotechnology. 

Nanotechnology is considered as the science of that which is very small and is now revolutionizing 

many industries including health care.  However, as with the AI revolution, there are many phobias 

which do cause hindrances to the development of nanotechnology applications not allowing the 

enhancement of healthcare systems. Nevertheless, nanotechnology scientists and researchers are 

https://www.computerhistory.org/
https://www.computerhistory.org/revolution/early-computer-companies/5/100/1483?position=0
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moving forward with their important research platforms which consist of many diverse 

applications made more potent with microchip technology.   

2.6 Some Nanotechnology Trailblazers of the 20th and 21st Centuries 

        Shiza Malik, Khalid Muhammad and Yasir Waheed are Google scholars who have been  

doing trailblazing current research on nanotechnology and its application in health care and 

medicine. They have been doing comprehensive work in conjunction with several institutions, 

medical universities and foundations on nanomedicine. Their focus is on different areas such as 

diagnosing, treating and preventing diseases which involve diagnostics, drug delivery, 

therapeutics, regenerative medicine as well as other areas on the emerging nanotechnology 

landscape. (MDPI Journals: molecules, 2024).  

     Carman (2023) highlights the fact that in 2023, nanotechnology research was featured in the 

discovery and synthesis of quantum dot technology, such being the criterion for three scientists 

sharing the Nobel Prize for Chemistry: Moungi G. Bawendi (Massachusetts Institute of 

Technology), Louis E. Brus (Columbia University), and Alexi I. Ekimov (Nanocrystals 

Technology in New York). Whatmore (2006) points out that the term nanotechnology gained 

popularity in 1974 when Norio Taniguchi, a Japanese professor of Tokyo University of Science, 

delivered a lecture on his observations on the improvements of dimensional accuracy in the 

manufacturing processes. He came up with the term ‘nanotechnology’ to describe this achievement 

and dimensional accuracies to that of more than 100nm. (Whatmore, 2006).  Taniguchi has been 

the recipient of many awards for his scientific research and observations, and he is also the first 

person to receive the Lifetime Achievement Award in 1999 from euspen. (euspen.eu 2016.)                           

        Richard Feynman was the U.S. scientist dubbed the father of nanotechnology, even though 

others were termed as such. He took this crown since he was the first to explore ideas and concepts 
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which bore relevance to nanotechnology in a speech in 1959 entitled, ‘There’s Plenty of Room at 

the Bottom.’ National Geographic (2024), explains that he did not actually use the term 

‘nanotechnology’ but gave a convincing and graphic description of a process whereby the 

manipulation and control of individual atoms and molecules would eventually be accomplished by 

scientists and engineers. (National Geographic, 2024). Feynman received a Nobel Prize in Physics 

in 1965. (Douglas, 2015). 

     True to Feynman’s research, the invention of microscopes which were able to visualize and 

manipulate atoms and molecules became breakthrough realities in the 1980’s, calling in the 

emergence and rise of modern nanotechnology. For instance, the scanning tunneling microscope 

(STM), was invented in 1981 by IBM scientists Gerd Binnig and Heinrich Rohrer allowing them 

to win the Nobel Prize in Physics. A center in Zurich Switzerland is named after them and continues 

R&D in nanotechnology applications. (National Geographic, 2024). According to OXFORD 

INSTRUMENTS ASYLUM RESEARCH (2024), explains that STM mastered an imaging, real-

world method involving scanning probe microscopy, in order to get ultra-high-resolution images 

at the atomic level minus light or electron beams.      

 

Figure 8: An image of a 1986 scanning tunneling microscope 

Source: Rama. CC by SA 3.0. Created April 7, 2018. Uploaded April 10, 2018. File: Scanning tunneling 

microscope-MHS 2237-IMG. The History of Science Museum, Geneva, Switzerland. 

https://www.creativecommons.org 

https://www.creativecommons.org/
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Figure 9: A schematic view of a scanning tunneling microscope (STM) 

Source: Michael Schmid and Grzegorz Pietrzak. (2020): Rastertunnelmikroskop-schema.svg 

https://www.en.wikipedia.org CC by-SA 2.0. Created April 16, 2020. 

          

      The atomic force microscope (AFM) was invented by Binnig, Quate and Gerber in 1985. 

They also won the Nobel Prize for physics in 1986. Their original invention had a diamond shard 

fastened to a gold foil strip with interatomic forces providing interaction mechanism for surface 

contact. The AFM has the capability of imaging nearly any kind of surface, such as polymers, 

ceramics, composites, glass, in addition to biological samples and this is a big advantage over the 

STM. (nanoScience Instruments, 2024).  According to Encyclopedia Britannica (2016)                                                              

 

Figure 10: Drawing of an atomic force microscope (AFM) with juxtaposed schematics. 

(Legend- PZT: PZT-piezoelectric thin film) 

Source: Sagar Aryal and Wikipedia. Mokobi, F. (2023). Atomic Force Microscope: Edited by Sagar Aryal, 

https://www.microbenotes.com 

 

https://www.en.wikipedia.org/
https://www.microbenotes.com/
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     Atomic-force microscopy (AFM) facilitates extremely high surface resolution of samples, 

lending researchers amazing details about surface features. When a sharp tip, a few atoms in size 

is dragged over the surface of the sample, it measures the engaging force between tip and surface 

area. An emanating signal is processed into a three-dimensional image and this enhancement is 

what makes this revolutionary investigation of cells’ behavior, characteristics and interactions so 

prolific for the researchers using this microscopy. (Hercules & Hercules, n.d.). 

     The smallest structures in matter can be seen via the analytical technique of transmission 

electron microscope. Optical microscopes need light in the visible spectrum, but the TEM can 

magnify nanometer structures to 50 million times, revealing mind-boggling detail. (nanoScience 

Instruments, 2024). Ernst Ruska working along with his teammate Max Knoll, designed the first 

TEM with resolution capability greatly exceeding that of light in 1933, bringing the first 

commercial TEM on stream in1939, with Ruska being awarded the Nobel Prize for physics for 

TEM development in 1986.  The NOBEL PRIZE (n.d.) explains that objects small as the wave 

length of light cannot be seen through an ordinary microscope, but Ruska realized that a magnetic 

coil facilitated electron beams by using the coil as lens. When the beams are eventually pointed to 

the objects, they are then captured on screen and magnified immensely. (THE NOBEL PRIZE n.d.) 
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Figure 11: A duplicate of an early TEM on exhibition in Munich Germany at the Deutsches Museum  

Source: Brew J. (n.d.) CC BY SA-3.0 Electron Microscope Deutsches Museum. 

https://commons.wikimedia.org/w/index.php?curid=5309032 

 

Figure 12: A simplified diagram of a transmission electron microscope  

Source: Beards, G. (2009). https://commons.wikimedia.org/wiki/File:Electron_Microscope.png 

 

      According to National Nanotechnology Coordinated Infrastructure (2019), to see 

nanostructures it takes some highly sophisticated and complex microscopes and that the 

capabilities of the “Electron Microscopes (EM) use beams instead of visible light, enabling 

resolution features down to a nanometer.” (para.1 ll. 5-6). They continue to explain that there are 

https://commons.wikimedia.org/w/index.php?curid=5309032
https://commons.wikimedia.org/wiki/File:Electron_Microscope.png
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several types of EMs which include scanning electron microscope (SEM), transmission electron 

microscope (TEM), and scanning transmission electron microscope (STEM). 

     There are several other nanotechnology trailblazers, and their continuous works are inspiring 

to new and up-coming scientists. The evolving impacts of their new discoveries remain promising 

for health care. Alfred Cho and John Arthur contributed immensely to nano-structuring. Their 

invention of molecular beam epitaxy in 1968, made possible exact deposition of single atomic 

layers, which benefitted several industries. (Picraux, 2024). In 1985, Robert Curl, Jr., Harold 

Kroto and Richard E. Smalley discovered buckminsterfullerene (C60), a carbon structure 

molecule shaped like soccer-balls. All three earned a Nobel Prize for chemistry. These scientists 

discovered molecules which were shaped geometrically like soccer balls. They were then called 

“buckyballs” and rang in new advancements in nanotechnology. The structures were also called 

fullerenes dedicated to an architect named Buckminster Fuller, whose work in ‘geodesic’ domes 

was characterized by such a geometric shape. (THE NOBEL PRIZE (n.d.) Richard Smalley has 

also been referred to as the Father of Nanotechnology.  

      Carbon nanotubes have surprising and  outstanding applications. In essence, they are long tubes 

formed by lengthening carbon ring structures. They were discovered by Sumio Iijima in 1991. 

(Walton & Kroto, 2024). Iijima has also been the recipient of many awards. The Franklin Institute 

(2002) explains that in addition to winning the Benjamin Franklin Medal for physics in 2002, “ He 

is a recipient of the 1996 Asahi Award, the 2001 Agilent Technologies Europhysics Prize, B. E. 

Warren Diffraction Physics Award, Seto Award, Nishina Memorial Award, Asahi Award, Tsukuba 

Prize, and the Mc Groddy Materials Prize for 2002 from the American Physical Society.” (para 11, 

ll. 4-5). 
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       Jean Pierre Sauvage, J. Fraser Stoddart and Bernard Lucas Feringa leapt yet another 

milestone in the evolution advancement of nanotechnology for work pertaining to molecular 

machines in 2016. All three scientists received the NOBEL PRIZE in 2016 for developing tiny 

machine molecules which became task oriented in the presence of controlled energy input, which 

also gave potency to miniaturization. (THE NOBEL PRIZE, n.d.)  

     Eric Drexler is also one of the most noted American scientists to voice strong opinions about 

nanotechnology, while cautioning care and vigilance in observing ethical issues. Such was noted 

in his important book, ‘Engines of Creation’ in 1986. He was the first person in the world to earn 

a Ph.D. in molecular nanotechnology, granted by Massachusetts Institute of Technology in 1991. 

(Sabil, F. 2016). 

2.7 Ultraviolet and Visible Spectroscopy (UV-vis): Role in Nanotech  

      UV-vis spectroscopy started its run on the technological landscape in the early 1940’s. 

Spectroscopy studies how electromagnetic waves interact with matter. In July 1941, Arnold 

Beckman introduced his design, the DU UV-vis spectrophotometer known to give precise results, 

taking analysis time down to minutes from hours. (Ganguli, 2006). It is a powerful analytical tool, 

and Buie (2011) noted that in 2005, the Nano Drop ND-1000 UV-vis spectrophotometer from Nano 

Drop Technologies, showed even more cutting-edge innovation in specimen analysis.  In 1989, 

Beckman, at the age of 88, received the National Medal of Science for his leadership in analytical 

instrumentation development. (Buie, 2011).  According to Datta (2018), the electromagnetic 

spectrum is made up of a range of wavelengths, short ones being gamma and x-rays and running 

to long ones as microwaves and broadcast waves. Figure 12 displays the electromagnetic spectrum 

properties and corresponding waves.  With respect to nanomaterials, the range of the wavelength 

is the ultraviolet and visible region appropriate for spectroscopy. According to Breuer (n.d.), 
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“UV/vis spectra originate from the excitation of electrons and therefore UV/vis spectroscopy is 

often referred to as “electron spectroscopy”.” (2, ll. 1-2). Tom (2021), explains that the term 

“electron spectroscopy” ultraviolet or visible radiation, is a major technique used in many branches 

of science and technology which include bacterial culturing, identification of drugs, nucleic acid 

purity checks, and measurements. UV-vis spectroscopy is also used in some nanotechnology 

research and applications, and it is a high-powered analytical technique for bringing out the make-

up of optical properties and electronic structure of several nanomaterials, nanoparticles carbon 

nanomaterials and nanoparticle solutions. (Tom, 2021). 

 

 

  

Figure 13: The electromagnetic spectrum properties and corresponding waves 

Source: https://commons.wikimedia.org/wiki/File:EM_Spectrum_Properties 

Datta (2018), Murray Edwards College, University of Cambridge. 

https://commons.wikimedia.org/wiki/File:EM_Spectrum_Properties
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 Figure 14: A visualization of the electromagnetic spectrum  

Source: NASA- https://science.nasa.gov/ems/Electromagneticspectrum.publicdomain 

Legend- Legibility of words under encircled images from L to R: AM radio; FM Radio; Cell Phone and WI-FI; 

Microwave Oven; Human bodies radiate heat; Remotes; Visible Light; Sunburn; Medical X-rays; Nuclear Power 

      

      Datacolor (2024) points out that a spectrometer is used for measuring the reflection or 

transmission of light by an object within a wavelength range from about 360 nanometers (nm) to 

760 nm, but a spectrophotometer can measure the full color spectrum and processes the output of 

spectral color data that the human eye is not able to discern. In an explanation of electromagnetic 

energy, nasa.science.gov (n.d.) says that NASA’s (National Aeronautics and Space Administration) 

scientific instruments “use the full range of the electromagnetic spectrum to study the Earth’s solar 

https://science.nasa.gov/ems/Electromagneticspectrum.publicdomain
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system and the universe beyond.” (para1, ll. 4-5). They also declare that the world could not exist 

without electromagnetic energy. Figure 13 aptly captures the visualization of the electromagnetic 

spectrum as presented by NASA. 

 

  

Figure 15: A simplified schematic of the main components in a UV-vis spectrophotometer 

Source: Tom (2021). https://www.technologynetworks.com 

 

      Electron microscopes use electrons to visualize structures at the nanoscale, however UV-vis 

spectrophotometers focus on molecular concentration in samples by measuring light absorption.  

Both technologies contribute tremendously to scientific advancements in the health care sector as 

far as the synergies of AI and nanotechnology and their impacts are concerned.  

 

 

 

 

                                                             

 

 

 

 

 

https://www.technologynetworks.com/
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                                                            Chapter Three 

                                                       Research Methodology 

 

3.1 Objective  

     The research methodology for this study will focus on presenting several synergistic, unique, 

collaborative events and outcomes for artificial intelligence and nanotechnology in the health 

care arena. Researching these outcomes will open the road to a clearer understanding why this 

collaboration for healthcare systems can eventually lead to more innovation, disruption and cost-

effective breakthroughs within its current and future landscape. This research lends itself to a 

continuous, critical review with a vibrant adoption and understanding of artificial intelligence 

(AI) and nanotechnology paradigms and their vibrant shifting climates. In conducting research 

of AI and nanotechnology for this study the following are presented: Synergies’ analyses and 

assessments’ impacts from both qualitative and quantitative perspectives, along with current 

applications, their advantages, limitations and challenges, ethical considerations, innovation and 

ultimate surveys. In addition, this study will then seek to deliver pragmatic insights for health 

care systems, which can then become the cornerstone for the recommendations, discussions, 

findings, policy making, webinars, seminars, conferences and future stakeholder engagement. 

This can result in the influencing of more grants and funding for R&D in AI and nanotechnology 

benefiting health care systems across countries.  

3.2 Research Approach and Design  

     This specific study highlights several synergies between AI and nanotechnology which are 

currently being used in health care and also renders a case study of Elon Musk and his pioneering 

work, which is outstanding as far as AI and nanotechnology are concerned. Dhar (2024) notes: 
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“Whereas historically an AI model was trained to do one thing well, it is now usable for a variety 

of tasks such as general conversations; assistance; decision making; and the generation of 

documents, code, and video.” (para.1, ll. 7-10). Ouyang (2024) offers his thoughts on AI paradigms 

stating that the AI paradigm is a dominant and powerful combination of a concept of intelligence 

and a methodology for developing and operating intelligent computer systems. In my opinion, such 

touches the overall healthcare system in many ways as day-to-day operations continue. Ouyang 

(2024) declares that AI paradigm in education tends to be AI-directed, AI-supported, and AI-

empowered. I see this aspect also being applied to health care in schools, areas of research and 

studies, operations, human resources and all other areas directly or indirectly affecting health care 

systems today. The generative AI paradigm shift, according to Ouyang (2021) is seen in how 

people think about the world that could lead to significant progress in many fields. To me, this is 

evidenced by how Elon Musk, Sam Altman, Mark Zuckerberg and other AI leaders operate in their 

vision and mission applications. The current AI paradigm, Ouyang (2021) says focuses on learning 

from any type of data such as information, scenarios, objects and the like about the world, so that 

new situations and applications can be created. Hence the reason why I believe that training AI in 

the morally, right way is very important for health care systems. Added to that ethical 

considerations are extremely important for avoiding misinterpretations across the board as change 

is a constant part of data as information and ideas evolve. Guzman et al. (2018) note that 

nanotechnology has been unfolding as a new technological paradigm that presents a significant 

and quick change in the solution of technological problems and that creates a new wave of 

processes, products, and social and organizational systems. Manipulating matter at the nanoscale, 

which is one millionth of a millimeter, is the mainstay of this scientific and technological 

revolution of this nanotechnology paradigm. Atomic and molecular engineering, bioengineering 



 
 

45 
 

and robotics, genomic technologies, quantum-wave technologies, and bioenergetic studies are 

indeed grand golden platters now embedded in the nanotechnology paradigm from which health 

care systems stand to benefit. (Guzman et al., 2018). In this study on the synergies between AI and 

nanotechnology within the healthcare sector, current modalities are examined in the context of 

routine administration, governed by licensing requirements and FDA guidelines, as well as similar 

international regulatory approvals necessary for legal operation. Furthermore, we explore legally 

sanctioned ongoing innovations within these modalities. Clinical trials of these innovations are 

discussed, and it is noted that both drugs and medical equipment used in these trials have received 

the requisite research approvals.  

3.3 Enhancing Diagnostics and Early Detection in Diseases: Synergy Collaboration of 

      Nanotechnology and AI 

     The accuracy and speed of disease detection are becoming more enhanced in health 

administration today. According to Tang (2019), a great amount of image analyses techniques and 

modalities are now AI-powered and boosted and can recognize intricate patterns in medical 

images, which cannot be seen by the mere eyes. Furthermore, Malik et al. (2023) emphasize that 

through this integration and collaboration of AI and nanotechnology, on-going research is 

marching ahead with more advancements, as they spearhead early diagnosis in areas like cancer 

and neurodegenerative diseases and innovation in existing clinical technologies. In addition, a 

main objective is the exploration of how AI algorithms can thoroughly examine the data from 

nanoscale sensors or imaging techniques such as nanoparticles, quantum dots or nanoscale imaging 

agents. Malick et al. (2023) also posit that a mesoscopic system, using nano and micro 

measurement scales, holds a link between classical and quantum mechanics, conducting the 

architecture and construction of nanoassemblies of nature. Such encompasses nanomedicine and 
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nanotools, which treat, diagnose and curtail diseases by way of nano-based medications and 

diagnostic kits. It can be seen that diagnostic sciences are now employing nanodevices for the early 

and rapid identification of diseases and added medical procedural recommendations. Furthermore, 

Malick et al. (2023) explain that there is now the deployment of nanotechnology at the cellular and 

molecular level to gain insights for the development of treatment of many diseases. By way of 

nanotechnology, health care diagnostic procedures are being improved upon with respect to 

accuracy, sensitivity, and speed. One of the noted and outstanding applications includes 

nanoparticle-based diagnostic imaging, in which nanoparticles can be pinned to special biomarkers 

to make imaging modalities more enhanced. Such include magnetic resonance imaging (MRI), 

computerized tomography (CT) scans, and positron emission tomography (PET) scans. (Malick et 

al., 2023).  

3.4 Disease Detection and the Role of Nanoparticles 

     With the advent of the electron microscopes, spectrophotometer and other innovative scanning 

techniques, nanoparticles which are among some of the wonders of scientific manipulation, have 

been discovered, observed and documented with great excitement for many industries, including 

the healthcare systems. According to Meyuke and Abera (2023), nanoparticles paradoxically took 

the stage over bulk material, their nano (dwarf) sizes being manipulated, sized and shaped to fit 

specific medical imaging techniques, modalities and other pertinent interventions, all due to their 

fantastic properties. I find it phenomenal for many researchers to probe, align and inspect 

nanoparticles as if they were seeing them with their naked eyes, even teaching or training these 

nanoparticles for specific purposes, including accomplishing outstanding imaging results. Such 

certainly continues to benefit health systems in many ways including R&D. Open Medscience 

(n.d.) notes that these researchers and scientists also received many other tangible and intangible 
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rewards for these feats, and some of their crowning glories included Nobel Prizes for 

nanotechnology.  

3.5 Biomedical Imaging Modalities, AI and Nanotechnology 

     Lam (2023) observes that health care systems have gained a tremendous milestone by the 

discovery of the medical modality of MRI scanning and that watching the internal organs of the 

human body highly magnified by way of MRI becomes very simple non-invasively for researchers, 

doctors and scientists. Indeed, such a perspective could be applied to the other imaging modalities 

deployed by health care systems, and all this is made possible by nanoparticulate theories and their 

eventual practical technological applications, merged with AI. Nanoparticle-based contrast agents 

are widely used in various significant biomedical imaging techniques such as fluorescence 

imaging, magnetic resonance imaging (MRI), computed tomography (CT), ultrasound (US), 

positron emission tomography (PET) and single-photon emission computed tomography (SPECT). 

Tang (2019) points out that large numbers of medical images depend on the boosting, turbo-like 

power of AI, which ultimately helps to uncover disease characteristics that can never be seen with 

just the eyes. The diagnostic applications of nanoparticles are also critical in different imaging 

modalities and techniques, according to Tang (2019). The contribution of both AI and 

nanotechnology to global healthcare platforms, is remarkable and exhilarating and such is my take, 

and I am sure that many medical and scientific schools of thought would concur. Ryvolova et al. 

(2012) posit that “Electron microscopy is an irreplaceable tool in the determination of the size and 

structure of NPs” (Section 4.3 para1.l.1). Aided by this nanotechnological bridge, fluorescent, 

metallic and magnetic nanoparticles have shown their versatility and unique ability for the 

diagnosing and treatment of many diseases, astounding the biomedical landscape, and many other 

landscapes as well, with cutting-edge innovation and mind-boggling discoveries. In order to 
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capture the big picture of nanotechnology and AI showcasing this technological prowess which 

benefits health care systems, the following section of qualitative research will present the 

operational drivers of some of the diagnostic applications of nanoparticles within their different 

imaging modalities and techniques, where AI assists with their construction and deployment. Tang 

(2019) declares that many researchers are at present avidly exploring AI-nanotechnology synergies 

to develop novel contrast agents which improve imaging resolution.  

 

Figure 16: An assembly of different types of nanoparticles. Source: Silva et al. (2019).  

https://doi.org/10.3390/biom9010022 

Silva et al. (2019) point out that examination studies indicate that nanoparticles are submicronic 

(<1 µm) colloidal systems which are mostly made up of polymers. Nanoparticles can be divided 

into three groups which are organic (lipids, proteins or polymers), hybrid (nanofoams), and 

inorganic (metals or salts) presenting a variety of structural forms such as polymeric 

nanoconstructs, nanomembranes, nanotubes, nanofibers and nanosized silicon drips. Nanoparticles 

also have the capacity to mimic or change the course of biological processes.  Generally containing 

only a few hundred atoms, measuring 1 to 100 nanometres (nm), they are larger than atoms and 

simple molecules.    

https://doi.org/10.3390/biom9010022
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Figure 17: Current imaging techniques deploy nanoparticles to view in detail, many structures within the body. 

Source: NPS: MEDICINEWISE (2019). https://www.nps.org.au/consumers/imaging-explained 

 

3.6 Operating Principles Behind Some Techniques of Medical Modalities which Synergize   

       with AI and Nanotechnology  

       Imaging techniques and modalities employed in modern medicine may seem routine and 

mundane to the layman. However, what goes on behind the medical imaging testing scenarios is 

quite sophisticated, with constant change, and more cutting-edge innovation being undertaken, 

especially with its integration of AI and nanotechnology. Kalraj et al. (2021) explain that 

nanoparticle-based contrast agents are widely employed in a variety of prominent biomedical 

imaging techniques such as fluorescence imaging, magnetic resonance imaging (MRI), computed 

tomography (CT), ultrasound (US), positron emission tomography (PET) and single-photon 

emission computed tomography (SPECT).   

     A computed tomography (CT) scan aids in the diagnosis of diseases, so that treatments, whether 

surgical or radiation can be planned and progress monitored. A CT is also called a CAT scan, 

(computerized axial tomography) scan, computerized tomography. A CT scan can picture almost 

all areas of the body using X-ray techniques. It also has the capability of using a computer to create 

cross-sectional images, or ‘slices’, pertaining to bones, blood vessels and soft tissues within the 

body, showing more detail than plain X-rays. (Mayo Clinic, 2024). 

https://www.nps.org.au/consumers/imaging-explained
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Figure 18: Image of a CT scanner in use. Source: Mayo Clinic, Mayo Foundation for Medical Education and 

Research.  https://www.mayoclinic.org  

    According to the National Institutes of Health (NIH), National Institute of Biomedical Imaging 

and Bioengineering, (n.d.), ultrasound (US) is a type of acoustic energy, or sound, which surpasses 

the hearing of humans.  High frequency sound waves produced by a transducer, transfer real-time 

medical images within the body minus exposure to ionizing radiation. Also, therapeutically, these 

waves are able to deploy high frequency sound waves to destroy or modify diseased tissues or to 

transport drugs to specific areas within the body. Even though one of the routine uses of ultrasound 

is that of monitoring the growth and development of the fetus, many other uses include imaging 

of other areas of the human body such as the eyes, feet, blood vessels, heart, abdominal organs, 

skin, and muscles in 2D, 3D, or 4D images with 3D images showing motion. An ultrasound 

transducer probe is used as shown in Figure 18. (National Institutes of Health (NIH), National 

Institute of Biomedical Imaging and Bioengineering, (n.d.) 

 

Figure 19: An ultrasound diagnostic imaging procedure in operation. Source: Terese Winslow, (2009).  

https://www.nibib.nih.gov/science-education/science-topics/ultrasound 

https://www.mayoclinic.org/
https://www.nibib.nih.gov/science-education/science-topics/ultrasound
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     An MRI (magnetic resonance imaging) scan, according to Lam (2023) uses a large magnet, 

radio waves and a computer to magnify immensely images of the structures within the body.  MRIs 

are used by healthcare providers to evaluate, diagnose and monitor many different diseases. 

Similar to the CT scanners, they are large and tube-shaped, but are tube-shaped magnets instead. 

Mayo Clinic (2024) further explains that “When you lie inside an MRI machine, the magnetic field 

inside works with radio waves and hydrogen atoms in your body to create cross-sectional images 

— like slices in a loaf of bread.” (Para 2, ll. 1-5). Mayo Clinic (2024) also points out that 

the MRI machine has the capacity to produce 3D images that can be inspected from different 

angles.  

 

Figure 20: Image of an MRI scan in operation. Source: Lam (2023). 

https://www.medicalnewstoday.com/articles/146309 

     A positron emission tomography (PET) scan is a type of imaging test. It uses a radioactive 

substance called a tracer to look for disease in the body. A PET scan shows how organs and 

tissues are working.  

https://www.medicalnewstoday.com/articles/146309
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Figure 21: PET scanner shows images of organs and tissues at work. Source: Cleveland Clinic, (2022). 

https://www.org./health/diagnostics/10123-pet-scan  

     Cleveland clinic (2022) describes the positron emission tomography (PET) scan technique as 

using a safe injectable radioactive chemical termed a radiotracer along with the device of a PET 

scanner which shows the functioning of images of organs and tissues. A SPECT (single-photon 

emission computerized tomography) scan is an imaging test that uses a special camera to create 

3D pictures. Internal organs can be looked at by many of the imaging techniques but a SPECT 

scan has the added advantage of indicating how well the organs are functioning. (Mayo Clinic, 

2024). 

 

Figure 22: Siemens SPECT machine performing a total body bone scan at the Credit Valley Hospital. Source: 

Ytrottier (2012). CC BY-SA 3.0. File: SPECT CT. JPG.  

https://www.org./health/diagnostics/10123-pet-scan
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3.7 Nanotechnology and AI: Dynamics of Diagnostic Applications in Imaging    

     The diagnostic applications of nanoparticles are critical in different imaging modalities and 

techniques.  Having a comprehension about the functioning and structure of the most common 

biomedical imaging modalities, such as fluorescence imaging, MRI, CT, US, PET and SPECT, 

is crucial to addressing their use of nanoparticle-based contrast agents. Nanoparticles are 

carefully designed and constructed by scientific researchers to suit different imaging modalities. 

Kalraj et al. (2021) explain that the spectacular, nanotechnological properties and characteristics 

of nanoparticles have brought about the expert manipulation of these nanoparticles, which can 

result in changes in optical, magnetic, electrical properties bringing about a myriad of fine-

detailed and novel interactions. For instance, among the classes of nanoparticles it is clear that 

MRI contrast agents are routinely used as an imaging tool operating on the principle of nuclear 

magnetic resonance (NMR). Computed tomography contrast agents use nanoparticles which 

facilitate a clinical imaging method that interacts X-ray with body or contrast agent, but gold 

nanoparticles contrast agents stand out with better imaging than computed tomography 

nanoparticles. (Kalraj et al. 2021).  Fluorescent, metallic and magnetic nanoparticles have also 

shown their versatility and unique ability for the diagnosing and treatment of many diseases, 

astounding the biomedical landscape. They have also become an innovative field with miraculous 

kinds of discoveries for the medical landscape and many other landscapes as well. In order to 

capture the big picture of nanotechnology and AI in operation, this study now presents the 

diagnostic applications of nanoparticles as some of the synergies within different imaging 

modalities and techniques where AI assists.   
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3.7. 1 Synergy 1: Fluorescent Nanoparticle Quantum Dots and AI in   

           Medical Imaging 

   Fluorescent quantum dots have emerged as an important imaging tool with respect to cells and 

tissues because they can really light up colorless and transparent cells and tissues within living 

organisms. This is so because they are unique, semiconductor nanoparticles, with optical and 

electronic properties that can release bright and stable fluorescence. With respect to their 

fluorescent properties, which can be manipulated, they are used as contrast agents for cellular and 

molecular imaging due to their tunable emission wavelengths and long-lasting fluorescence. 

Sigma-Aldrich Solutions (2024), solutions and services for research and biotechnology 

development, explains that the nano size of quantum dots gives them the capacity to reach any part 

of the body and this is great for many applications including transport and imaging. Their bulk 

nanocrystal counterparts lack these characteristics. Mazumder et al. (2009) further expand on such 

by stating that fluorescent nanoparticles can serve as sensitive and photostable probes able to label 

several biological targets at once.  Quantum dots are extremely miniscule, smaller than the width 

of the human hair nanoscale wise, usually with a core-shell structure. If the QDs are larger at about 

5-6 nm in diameter, longer wavelengths will be emitted flashing the colors of orange or red, but 

the smaller QDs 2-3 nm in diameter emit shorter wavelengths producing blue and green flashes. 

Mazumder et al. (2009) also explains that quantum dots are not essentially round, and shapes can 

vary depending on the process and their application. For me, it is spectacular to imagine being in 

a research lab, looking at nanometer semi-conductor quantum dots through TEM, SEM, STEM, 

AFM or other fluorescence microscopy noting different colors as energy is applied to them 

bringing out their fantastic optical properties. According to Avantama (n.d.) “These wavelengths 

of light can be accurately tuned by changing various properties of the particle, including shape, 

material composition, and size.” (para 1. ll. 1-3). Under these advanced, high-powered microscopy, 
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quantum dots can look like really tiny, colorful fireflies that scientists and researchers have 

amassed to innovate on many imaging medical techniques, which enhance healthcare systems 

today, and many other industries which the healthcare systems rely on. For example, other than 

diagnostics, the display screens and other devices in health care administration also benefit from 

quantum dots nanotechnology, since they can produce greatly enhanced colors for many devices 

including monitors, televisions, and smart phones, due to the high level of fine-tuning that can be 

obtained helping to improve quality control of displays. (Avantama, n.d.)     

 

 

Figure 23: Quantum dots with gradually stepping emission from violet to deep red. Source: Antipoff (2012). CC 

BY- SA 3.0. File: Quantum Dots with emission maxima in a 10-nm step 

https://en.wikipedia.org/wiki/Quantum_dots#/media/ https://www.plasmachem.com/shop/en/226-2ncdses-alloyed-

quantum-dots 

 
    Ellapan and Renganathan, (2020) declare that many problems in the biological processes have been 

unraveled because of the unique characteristics of quantum dots. De Lange (2012) explains that quantum 

dots-light-sensitive semi-conducting particles are now being considered as an alternative in stimulation 

methods of the brain. As far as AI synergy is concerned, AI algorithms use these QDs to enhance medical 

images tremendously, helping in early disease detection while merging with material sciences to get the 

best from QD synthesis development and predicting their behavioral patterns. (de Lange 2012). 

   

Figure 24: The ‘first ever’ four (AI) created ‘fireflies-effect’ images, (L-R), of what quantum dots can resemble when viewed with 

electron microscopy. Sources: Images Created by Microsoft Copilot, 2024, Image Creator in Bing, September 3, 2024, which were 

probed by Grace Worsley, September 3, 2024, resulting in these images. (https://www.bing.com)  

https://www.plasmachem.com/shop/en/226-2ncdses-alloyed-quantum-dots
https://www.plasmachem.com/shop/en/226-2ncdses-alloyed-quantum-dots
https://www.bing.com/
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     According to Svilans (2018), “Quantum dots (QDs) are sometimes called artificial atoms 

because they possess electronic state structure similar to those in atoms.” (Chap. 2. Para 1. l. 1). 

The functions of their electronic waves are similar to that of atoms, a feature which other 

nanoparticles do not have. Svilans (2018) also shares the fact that the nanostructure of the quantum 

dot can be detected in every piece of technology that affects daily living. Svilans (2018) also notes 

that in the first half of the 20th century, the development of quantum theory was paramount in 

heightening physics allowing for deeper perspectives in the wave nature of matter. This synergy 

number one investigation led to an initiated AI probe on what quantum dots by themselves actually 

look like under electron microscopy. This query probe was able to create a hypothetical view of 

four images of what quantum dots can resemble under electron microscopy (Figure 24).  In my 

opinion, these images can be used in educational health care settings, including recreational and 

occupational therapy, where digital shapes and images created from scientific objects are designed 

and labeled to help to stimulate thoughts. AI itself is trained through the labeling of many objects. 

For instance, there can also be projects which feature discussions about their appearance and 

applicability, as an early introduction using ‘image semblance’ in reference to quantum dots 

technology and its description, in early high school and college courses.  Indeed, these returned AI 

images appear to be close to quantum dots, but colorful. Svilans (2018) in his actual experiments 

with nanowires, QDs and their behavior, under different conditions and manipulative scenarios, 

shows a true image of QDs with nanowires using SEM microscopy, as part of research for a 

doctoral presentation through Lund University in Sweden, entitled ‘Thermoelectric experiments 

on nanowire-based quantum dots.’ 
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Figure 25: SEM image of nanowires and QDs. Source: Svilans (2018).  

https://www.lucris.lub.lu.se/ws/files/51132151/A_Svilans_PhD_thesis.pdf 

 

 

Figure 26: Capability of QD imaging in live animals utilizing sensitivity and multicolor. “Sensitivity and multicolor 

capability of QD imaging in live animals. (A, B) Sensitivity and spectral comparison between QD-tagged and GFP 

transfected cancer cells (A), and simultaneous in vivo imaging of multicolor QD-encoded microbeads (B)…” (Figure 

4. ll. 1-3). Source: Walling et al. (2009) https://www.ncbi.nlm.nih.gov/pmc/articles/pmc2660663   

Walling et al. (2009) indicate that an alternative to organic dyes and fluorescent proteins could be 

found in semiconductor quantum dot nanocrystals, and that quantum dots have tunable optical 

properties which can be deployed in many applications such as multiplexed analysis, DNA 

detection and cell sorting and tracking and in vivo imaging and diagnostics. Michalet et al. posit 

that the use of quantum dots (QDs) within ‘in vivo’ imaging and diagnostics take on unique optical 

properties. This extra brightness and increased stability make them phenomenal tools at single-

molecule level as they traffic and target tumors at lengthened timespans. Such aides the visual and 

https://www.lucris.lub.lu.se/ws/files/51132151/A_Svilans_PhD_thesis.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc2660663
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real-time examination of biological processes within living organisms, so that appropriate 

treatments can be given, according to Walling et al., (2009).  

   Fluorescence imaging which also involves the unique quantum dots in synergy with 

nanotechnology and AI platforms, offers exciting possibilities but also comes with its own set of 

advantages, limitations, challenges, ethical considerations, and future innovations. 

3.7.1.1 Advantages 

     Fluorescence imaging has a high sensitivity and specificity that can detect low concentrations 

of biomolecules. Patients’ discomfort is reduced since many fluorescence imaging techniques are 

minimally invasive. Fluorescence imaging has the multiplexing capability to employ several 

fluorophores to investigate several targets within the same sample at the same time. Fluorescence 

imaging also employs real-time analysis, returning speedily results. (Greenwood, 2024)                                    

3.7.1.2 Limitations and Challenges 

   Greenwood, (2024) observes that fluorescence imaging depends on specific fluorophore probes 

to a great extent. Molecular structures which do not have labels or autofluorescence remain without 

fluorescence. In addition, signal intensity is diminished when exposed to light in what is called 

photobleaching, while light scattering and absorption can cause limited penetration depth of 

imaging. Autofluorescent biomolecules can cause interference with signal-to-noise ratio causing 

clarity reduction. (Greenwood, 2024).  The synthesis and development of fluorescent 

nanomaterials with high photoluminescence, efficiency, and biocompatibility  remain a challenge. 

AI Integration also has incurred some stumbling blocks, as integrating AI into imaging systems 

requires vast amount of data, computational power, and sophisticated algorithms. Advanced 

fluorescence imaging systems and AI integration can be expensive especially due to the fact that 

the technology requires skilled operators and sophisticated equipment. Then too, nanomaterials 



 
 

59 
 

such as fluorescent QDs, in spite of all their outstanding and unique characteristics are not immune 

to cytotoxic effects which have to be carefully monitored and managed for researchers, designers, 

operators, technologists, and technicians and all workers on such platforms.  Obtaining regulatory 

approvals for new imaging technologies and AI applications can be time-consuming and take 

years, according to Wegner and Hildebrandt, (2015). 

 3.7.1.3 Ethical Considerations 

      Ensuring that patients are fully informed and consent to the use of advanced imaging 

technologies, protecting sensitive patient data from breaches and unauthorized access and ensuring 

that AI algorithms do not introduce bias and are fair to all patient demographics, are some of the 

ethical considerations. With respect to ethical use of AI, it is necessary to put in place checks and 

balances to ensure AI systems remain transparent and fair with respect for patient autonomy, and 

privacy remains mandatory. (Herrington et al. 2023). I agree with such perspectives because AI is 

but a machine. AI itself is not human. It is without a human or humane brain, and its algorithms 

must be trained on what is right from what is wrong.                           

3.7.1.4. Innovations 

     Future advancements in fluorescence imaging are at present focusing on research which 

involves the development of more stable, efficient, and biocompatible fluorophores, and AI 

algorithms that can enhance image quality, reduce noise, and provide real-time analysis with 

precise data interpretation. Targeted delivery of fluorescent nanoparticles to specific tissues or cells 

are also being researched for improved imaging, according to Wegner and Hildebrandt, (2015). 

Walling et al. (2009) state: “Quantum dots are now becoming commonplace for in vivo imaging. 

While their use is still behind that of traditional or conventional reporters, their frequency of use 

is dramatically increasing.” (8, summary, ll. 1-3). Innovations in the future will be therefore 
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heading to super-resolution imaging with AI-driven techniques enhancing visualization of 

biological structures also enabling the reduction of illumination on samples and non-invasive long-

term imaging of live samples. Massive multi-color imaging and simultaneous observation of 

multiple overlapping structures within the same sample will also be expected with AI automation 

of the analysis of fluorescence images, reducing the workload on researchers and achieving better 

accuracy of data interpretation. (Wegner and Hildebrandt, 2015). 

 

 

Figure 27: How quantum dots can interact with brain cells. (Source: de Lange (2012).  

https://www.newscientist.com 

     Quantum physics and neuroscience have stepped ahead in a surprising marriage as quantum 

dots have been used to control brain cells, as research indicates, according to de Lange (2012). 

And now, in 2024, researchers are making significant steps in this field for treating diseases such 

as Alzheimer’s, epilepsy, depression and even blindness. With respect to blindness, targeting 

damaging retinal cells, making them functional through non-invasive methods is the main goal. de 

Lange (2012) points out that action potentials in neurons can be stimulated by the miniscule light-

sensitive quantum dots. In my opinion, even though there are still challenges to overcome in these 

https://www.newscientist.com/
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areas, the synergy of the drivers of AI and nanotechnology leave the researchers on fertile ground, 

as they continue to open great doors for health care systems and related industries. 

3.7.2. Synergy 2: MRI, Nanoparticles and AI  

     Internal structures can benefit from improved visibility through the use of nanoparticles used 

as contrast agents. According to Ryvolova et al. (2012) these nanoparticles can be iron oxide, 

which is mainly used, or even gold, both having the capability of amplifying MRI scans’ output. 

Iron oxide nanoparticles (IONPs) contrast agents are particularly noted and prized for their 

superparamagnetic properties, as they alter the local magnetic field, with better signal intensity, 

strengthening the contrast in MRI images. In addition, nanoparticles can be functionalized with 

various coatings to improve their biocompatibility and targeting capabilities, making them suited 

for imaging specific tissues or cells observe Kalraj et al., (2021). Chandler (2017) contends that 

IONPs are considered a safer alternative to traditional gadolinium-based contrast agents, especially 

for patients with impaired kidney function. They provide excellent contrast and can be used for a 

variety of applications, including cancer detection and brain imaging. However, it must be noted 

that gold nanoparticles can become functional with the gadolinium chelates for stronger 

performance when impaired kidney function is not present. (Kalraj et al., 2021).  

 

 

3.7.2.1 Advantages 

    The integration of AI with MRI contrast agents has led to more innovative and mindboggling 

improvements in healthcare delivery, rendering it more efficient, cost-effective, and client-

friendly.  Some of these improvements include enhanced imaging quality, which according to Hall 

(2023), can be achieved through AI-powered MRI systems, like Fujifilm’s ECHELON Synergy, 

https://healthcaresolutions-us.fujifilm.com/resources/press-release/fujifilm-launches-new-mri-system-echelon-synergy-with-deep-learning-reconstruction-technology/
https://healthcaresolutions-us.fujifilm.com/resources/press-release/fujifilm-launches-new-mri-system-echelon-synergy-with-deep-learning-reconstruction-technology/
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which uses deep learning reconstruction technology to enhance the sharpness and quality of MRI 

images, leading to more precise diagnoses.  Faster scans can also be accomplished as AI 

accelerates the image acquisition process. The entire process of obtaining the image is processed 

and analyzed through the added power of its supporting AI algorithmic platform. This capturing 

and converting to its digital format, according to Hall (2023), allow Fuji films new AI powered  

MRI system to promote comfort and efficiency and more patients to be scanned within a 

significantly reduced  time limit.  

      Automated Workflows according to FUJIFILM (n.d.), have been made possible by AI’s 

capacity to automate several aspects of the MRI process, such as patient positioning and initiating 

the scan. This feature makes work more streamlined for radiologists and technologists thereby 

decreasing the likelihood for human errors and increasing efficiency. Improved patient experience, 

according to FUJIFILM (n.d.), is facilitated by AI-enhanced MRI systems which come with 

specifications made to lessen patient anxiety, such as quieter operation and more patient friendly 

tables,  all capturing a better overall experience for recipients of MRI scans. Advanced diagnostics 

are deployed by AI to assist in interpreting MRI scans’ imaging abnormalities that can be omitted 

by the human eyes. The advantage of this could be earlier detection of diseases along with 

personalized treatment plans, as noted by FUJIFILM (n.d.). MRI is a non-invasive technique that 

excludes the use ionizing radiation, providing high-resolution images of soft tissues and producing 

precise diagnoses. AI-driven efficiency and enhanced diagnostics are part of the synergistic 

integration with nanotechnology, which all lead to more precision and early detection of diseases 

as outlined by Shimron and Perlman, (2023). Decreased cost expenditure with respect to the 

overall cost of MRI procedures is much improved due to the efficiency and speed of MRI scans. 

Cleveland Clinic (2024) describes the open MRI machine as having a less constrictive bore, and 

https://healthcaresolutions-us.fujifilm.com/resources/press-release/fujifilm-launches-new-mri-system-echelon-synergy-with-deep-learning-reconstruction-technology/
https://healthcaresolutions-us.fujifilm.com/resources/press-release/fujifilm-launches-new-mri-system-echelon-synergy-with-deep-learning-reconstruction-technology/
https://healthcaresolutions-us.fujifilm.com/resources/press-release/fujifilm-launches-new-mri-system-echelon-synergy-with-deep-learning-reconstruction-technology/
https://healthcaresolutions-us.fujifilm.com/resources/press-release/fujifilm-launches-new-mri-system-echelon-synergy-with-deep-learning-reconstruction-technology/
https://healthcaresolutions-us.fujifilm.com/resources/press-release/fujifilm-launches-new-mri-system-echelon-synergy-with-deep-learning-reconstruction-technology/
https://healthcaresolutions-us.fujifilm.com/resources/press-release/fujifilm-launches-new-mri-system-echelon-synergy-with-deep-learning-reconstruction-technology/
https://healthcaresolutions-us.fujifilm.com/resources/press-release/fujifilm-launches-new-mri-system-echelon-synergy-with-deep-learning-reconstruction-technology/
https://healthcaresolutions-us.fujifilm.com/resources/press-release/fujifilm-launches-new-mri-system-echelon-synergy-with-deep-learning-reconstruction-technology/
https://healthcaresolutions-us.fujifilm.com/resources/press-release/fujifilm-launches-new-mri-system-echelon-synergy-with-deep-learning-reconstruction-technology/
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Swoop Portable MRImaging (2024) boasts of its mobile MRI innovation, designed for positive 

patient comfort and experience including uses for emergency care.  

 3.7.2.2 Limitations and Challenges 

     Stanford Medicine (n.d.) gives some pertinent information about traditional MRI scans 

indicating that they can take up much time, leading to patient discomfort and increased costs. In 

addition, patient movement during scans can result in less than desired image quality and certain 

body implants, such as pacemakers or steel in the leg, can interfere with the operating magnetic 

field. For instance, such can be orthopedic implants with metal pins, screws, plates, and joint 

prostheses. Dental implants, cochlear implants, metal fillings, braces, and retainers can distort 

images or lead to injuries or discomfort, while body piercings and other jewelry cannot be worn 

during scanning. (Stanford Medicine (n.d.).  Ysenmed, (2024) indicates that purchasing MRI 

machines can be expensive with also a high-cost maintenance. Differences in patient populations 

and imaging devices can cause demographic inconsistencies with data, interfering with the 

outcome of AI algorithms.  Nanotechnology and AI interfaced into MRI systems call for advanced 

technical expertise, system maintenance and infrastructure. Not having such can be a big 

challenge. Regulatory stumbling blocks associated with ensuring compliance with governmental 

and other medical regulations can be challenging. (Ysenmed, 2024). 

 

3.7.2.3 Ethical Considerations  

     Herrington et al. (2023) note that privacy and data security involve handling sensitive medical 

data which require stringent security measures to protect patient privacy and confidentiality. Then 

too, it must be ensured that AI algorithms are not biased so that misdiagnoses and health disparities 
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can be avoided. Patients have a right to informed consent about the deployment of AI and 

nanotechnology in their MRI scans.  

3.7.2.4   Innovations 

      There is no doubt that on-going cutting-edge innovations in nanotechnology will improve the 

contrast and resolution of MRI images. This super-resolution imaging and AI-driven platforms 

magnify biological features immensely. Johnson and Lui (2023) further postulate that innovative 

platforms can also develop low-field MRI systems with this AI-enhanced image feature, thereby 

making MRIs become more cost-effective and accessible in a universal manner.  The open MRI 

machine with a less constrictive bore and the portable MRI found themselves on the list of cutting-

edge MRI innovations designed for positive patient experience. Another terrific improvement in 

MRI imaging is being hailed by Boulant and Quettier (2023) of the Iseult Consortium: “The Iseult 

MRI is an actively shielded whole body magnetic field of 11.7T. After nearly 20 years of research 

and development, the magnet successfully reached its target field strength for the first time in 

2019.” (para 1. ll 1-3). The Iseult CEA 11.7 T MRI has been undergoing commissioning and testing 

since then, producing its first images in September 2021, with superb performance by its magnet 

with respect to various tests and imaging experiments. At present it is being used primarily at the 

CEA-Joliot NeuroSpin neuroimaging center in France. It holds the world-record magnetic field 

strength of 11.7 T2, in MRI technology, meeting safety and performance standards. According to 

ANALOG DEVICES (n.d.), ‘T’ stands for the magnetic field measurement named after its 

engineer and inventor Nikola Tesla.  The Iseult CEA 11.7 T MRI does not have global regulatory 

approval for routine use in medical settings, but at present it is limited to research and specialized 

medical centers. (Boulant and Quettier, 2023). Sure enough, according to my qualitative 

observations of mind-boggling impacts of nanotechnology and AI on imaging, such would have 
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been included in some of the relevant pillar platforms driving the accomplishment of this 

exceptional MRI technological feat in high resolution. Attaining such fine resolutions can help in 

gaining more information about neuron and an understanding of how our brain encodes and 

processes such as mental representations, learning and even uncover neuronal drivers of 

consciousness and causes of neurological diseases. (Boulant and Quettier, 2023). 

 

Figure 28: View of the 11.7 Iseult magnet and cryostat device which maintains its low temperature. Source: 

Commissioning of the Iseult CEA 11.7 T whole-body MRI: current status, gradient-magnet interaction tests and 

first imaging experience.  

https://www.researchgate.net/figure/ew-of-the-117-T-Iseult-magnet-and-cryostat_fig1_367544550 

 

Figure 29:  First images acquired on a pumpkin (top row) and ex-vivo brain (bottom row) at 11.7 T with the 

service volume coil (October 2021). 3D-GRE sequence parameters were: TR = 20 ms, TE = 1.8/2.5 ms 

(pumpkin/brain), 4 averages, 512 × 512 × 512 matrix.  Source Boulant and Quettier (2023) Doi:10.1007/s10334-

023-01063-5  

 

https://www.researchgate.net/figure/ew-of-the-117-T-Iseult-magnet-and-cryostat_fig1_367544550
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Figure 30: Axial slice of a human brain, with the same acquisition time but with a different magnetic field intensity.  

Source :© CEA. Irving (2024). (New Atlas)  » Iseult: The World’s Most Powerful MRI Reveals Its First Images of the 

Human Brain. (Boulant and Quettier (2023) Doi:10.1007/s10334-023-01063-5) 

 

 

Figure 31: Image of a human brain captured with the Iseult MRI machine at 11.7 Teslas.  

 © CEA. Source: Irving (2024). (New Atlas)  (Boulant and Quettier (2023) Doi:10.1007/s10334-023-01063-5) 

 

3.7.3 Synergy 3: Computed Tomography, Nanoparticles, Imaging, Diagnoses, Treatments  

      and Applications  

     According to Rawson and Pelleter (2013) the contrast agents for computed tomography (CT) 

are usually iodine and barium based. Murphy et al. (2016) state that the high atomic number of 

iodine particles provide outstanding contrast. Recent innovation has expanded to gold 

nanoparticles (AuNPs), which also have a high atomic number and density. They function by 

absorbing X-rays, and enhancing anatomical images for examinations. According to Bahadar et al. 

(2016), the cores of gold NPs are inert and non-toxic and are therefore deemed to be basically safe. 

Other than being another viable contrast agent for CT, AuNPs have a wide range of applications 
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because of their fantastic properties. Some of the main uses include: Medical applications for drug 

delivery, cancer therapy and bioimaging, which according to Siddique and Chow (2020), AuNPs 

can significantly reduce side effects of drugs. When they deliver drugs to the specific required 

cells, they convert light into heat, destroying cancer cells through the use of photothermal therapy. 

The AuNPs have the capacity through what is called bioimaging to enhance the contrast in MRI 

and CT scans and similar techniques so that more precise diagnoses can be achieved. (Siddique & 

Chow, 2020). Diagnostics involving biosensors and lateral flow assays are also deployed. 

According to Ardekani and Thulstrup (2022), AuNPs are used as biosensors to probe and identify 

biological entities facilitating medical diagnostics. With respect to lateral flow assays, they are 

employed in diagnostic testing such as COVID-19 tests. (Ardekani and Thulstrup, 2022). 

According to Majeric et al. (2023), cosmetics have also been a recipient of the unique properties 

of AuNPs in the rapid development of nanotechnology, and anti-aging and anti-inflammatory 

products are among those identified as benefactors. Cosmetic products which include skin creams, 

hair products, facial masks and other hydrating regenerative elements, have been pointed out as 

having such beneficial properties which can include being anti-fungal and anti-bacterial. Majeric 

et al. (2023) also explain that dermal absorption, moisturizing power and stability of the cosmetics 

are controlled by the release of nanomaterials’ active ingredients. Majeric et al. also note that 

famous cosmetic brand companies, such as L’Oreal, L’Core Paris, Chantecaille, and Orogold 

employ AuNPs in the manufacturing of their products, with a strong emphasis on stimulated blood 

circulation and rejuvenation of skin with respect to damage repair, anti-inflammatory, antiseptic, 

better tone, and vitality properties. (Majeric et al., 2023). 
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Figure 32: Dried AuNPs, cosmetic cream with AuNPs, and SEM examinations. (a) Freeze-dried PVP cake with 

AuNPs. (b) Cosmetic cream with embedded AuNPs. (c) SEM image of the dried AuNPs. (d) EDX analysis of select 

points in the corresponding SEM image of the dried AuNPs. (e) SEM image of the AuNPs embedded in the cosmetic 

cream. (f) EDX analysis of select points in the corresponding SEM image of the AuNPs embedded in the cosmetic 

cream. (Source, Majeric et al. 2023) https://creative commons.org/licenses/by 4.0) 

 

 

Figure 33: Assemblies and morphology of gold nanoparticles: Source: (Sadhu et al., 2020). 

https://doi.org/10.31838/ijpr/2020.SP1.077 Freitas de Freitas et al. (2018) 8(11):939) doi.103390/nano8110939 

     Siddique and Chow (2020) observe that gold nanoparticles can also be used in multimodal 

imaging. This combination with MRI and other imaging techniques can give more thorough 

diagnostic information, making them outstanding in the continuing research field of medical 

imaging which combines therapy and diagnostics, otherwise called theranostics. 

https://creative/
https://doi.org/10.31838/ijpr/2020.SP1.077
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=10144145_materials-16-03011-g001.jpg
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3.7.3.1 Advantages 

     AI integrated with CT scans’ nanotechnological platforms can enhance image quality, detect 

subtle pathologies early, reduce radiation dose therefore returning high-quality images, while 

streamlining workflows resulting in operational cost-effectiveness. Varnosfaderani and 

Forouzanfar (2024) posit : “The integration of AI in hospitals and clinics represents a paradigm 

shift in how medical care is delivered and managed.” (para 1, ll 2-3). In their diagrammatic, 

comprehensive overview of AI applications in hospitals and clinics, an outline is shown of how 

AI significantly touches almost every sector of healthcare. When synergized with nanotechnology 

in relevant services and procedures, results become even more astounding, but not without its 

limitations and challenges. 

 

Figure 34: Comprehensive mapping of AI synergizing with nanotech applications within the ambit of operations 

in hospitals and clinics.  

Image Source: Varnosfaderani and Forouzanfar (2024), https://www.doi.org/10.3390/bioengineering11040337 

 

3.7.3.2 Limitations and Challenges 
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     CT imaging involves more exposure to ionizing radiation. This is so because the higher doses 

of radiation render clearer images compared to normal x-rays. However, such can increase cancer 

risk, especially for pediatric, obese, and oncology patients. Even though this risk is small, 

according to NIH-NATIONAL CANCER INSTITUTE (n.d.), guidelines and safety measures are 

in place to be followed. Lower-dose procedures produce noisier images, impacting diagnostic 

utility and older CT scanners need higher doses to output clear images, and added to this, their 

upgrade can be costly. (Strindlund, 2021). Even though Au NPs are chemically stable and boast 

other unique properties, they must be monitored and explored thoroughly for any toxicity, 

nonbiodegradability, and cellular responses’ modulation. (Siddique and Chow, 2020).  Vast 

volumes of data integration are necessary for AI to be trained effectively, since they are only 

effective as the data they are trained on. This expansive data integration is needed for precise 

results and AI models may return glitches as they generalize across a range of different patient 

demographics and imaging conditions. In the long run, the ultimate crucial decision in patient care 

will depend on the physician, but strong data quality must be harnessed and nurtured for clarity, 

precision and logical comprehension. (Cortechs.ai, 204)                                   

3.7.3.3   Ethical Considerations 

It is ethical to have a consent form for routine CT scanning and for other emergency scenarios, 

whenever possible. Patients and their representatives should be informed that AI and 

nanotechnology are part of the collaborative tools to help in the scanning process. Building this 

kind of trust and transparency becomes vital to comfort and experience. Privacy of data records 

must be protected, and AI feedbacks carefully examined and analyzed to ensure biases, if found, 

are eliminated for appropriate diagnoses. (Herrington et al. 2023) 
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 3.7.3.4   Innovations 

     Strindlund (2021) notes that the AI model of deep learning construction could be deployed to 

enhance the image quality at lower doses by decreasing noise and artifacts, while nanomaterials 

can be synthesized in the materials used to improve imaging resolution and contrast. Image 

techniques can also be shaped to suit patient characteristics, and such is another innovative way to 

go.  According to Strindlund (2021), machine learning is a new opportunistic frontier and “…new 

AI based machine learning technologies to CT imaging provide a new variable that clinical and 

technical stakeholders can use directly to manage both dose and image quality-and therefore 

indirectly all of the subsequent financial, clinical and operational factors they impact.” (Section 6. 

Ll. 1-3). 

3.7.4 Synergy 4: Ultrasound (US), Microbubbles, AI and Nanoparticles 

      Cleveland Clinic (2022) explains that a standard ultrasound does not require microbubbles. 

However, contrast material used for a contrast-enhanced ultrasound (CEUS) is microbubbles, 

which is injected into a vein. Microbubbles are gas filled and increase the dimensions of images 

from ultrasound images using them. However, they can be used in conjunction with other 

modalities for viewing specific tissues or organs. When ultrasound waves are applied to 

microbubbles, they oscillate improving tissue visualization in real time, according to Ausmed 

Editorial team, (2024). Microbubbles, AI, and nanotechnology now synergize in an outstanding 

manner with innovations research in ultrasound medical imaging. Such can enhance healthcare 

systems worldwide. Lee et al. (2017) makes it clear that microbubbles are not nanoparticles, 

because they are 1-10 µm in size, but they can be used in conjunction with nanoparticles for 

reaching targeted organs. This is so because of the innovative cycles of their technology resulted 
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in their current generation being created smaller and more pliable, enabling travel through the 

entire body via capillary vessels. (Lee et al. 2017) 

3.7.4.1 Advantages 

      Ultrasound is an imaging technique that is relatively safe when used as directed by health care 

authorities. It does not require radiation like X-rays and CT scans. Most ultrasounds are non-

invasive and excludes needles, injections, or incisions.  Clearer images of soft tissues as opposed 

to X-rays are captured through real-time imaging. This real-time imaging is used optimally for 

guiding procedures which are minimally invasive, and one such procedure can be a CEUS. 

(Contrast enhanced Ultrasound). Ultrasound tends to be a relatively inexpensive and popular 

procedure, which can be used with patient movement and therefore it is highly suitable for imaging 

babies and children. Ultrasound falls into a ‘walk-of-fame’ as the preferred imaging modality when 

it comes to diagnosing and monitoring pregnant women and their unborn babies. However, 

according to Shelton and Jones (2024), many applications can fall under this diagnostic tool. 

                

 Figure 35: Image of microbubbles. Source: Business Norway, (2023)  

           https://www.businessnorway.com 

 

For instance, in a CEUS procedure, tiny gas microbubbles which are not nanoparticles, but 

microscale particles with acoustic properties, enable them to oscillate and reflect strong ultrasound 

signals. Injecting a patient with these microbubbles before their ultrasound scan reveals highly 

https://www.businessnorway.com/articles/putting-microbubbles-to-work-in-medical-
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enhanced images of organs and blood vessels. In addition, combining microbubbles technology 

with nanotechnology can create nanoparticle-loaded microbubbles for drug delivery or imaging 

and they can be coated with nanoparticles for strengthening them. (Shelton & Jones, 2024). 

3.7.4.2 Limitations and Challenges 

     Nanoparticles are not exempt from toxicity during ultrasound, that can affect cells and tissues. 

Alshawwa et al. (2022) posit in their abstract: “There are diverse types of nanocarriers that have 

been synthesized for drug delivery, including dendrimers, liposomes, solid lipid nanoparticles, 

polymersomes, polymer–drug conjugates, polymeric nanoparticles, peptide nanoparticles, 

micelles, nanoemulsions, nanospheres, nanocapsules, nanoshells, carbon nanotubes and gold 

nanoparticles, etc.” (ll. 3-6)  Making sure nanoparticles reach their exact location so that unwanted 

effects can be avoided can be challenging, along with the fact that nanoparticles can be fickle in 

biological environments since immune responses can be alarmed, thereby undermining the 

potency of the treatment. (Alshawwa et al., 2022). Researchers fight around the clock to investigate 

the elimination of toxicity and also to stick to safety and regulatory guidelines. The cost of overall 

research can turn out to be very expensive and curtails reaching these goals. Therefore, my paper 

definitely advocates for the needed funding from legitimate philanthropists, organizations and 

stakeholders, who can help push AI, nanotechnology and other smart integration in the direction 

of overcoming these limitations. This will bring health care systems closer to the evasive cure for 

cancer, and cures for heart and other intimidating diseases which can be hindered by the blood- 

brain barrier. I came across this medical term, blood-brain barrier, when I once asked a male 

medical doctor-instructor about the rapid deterioration and demise of many HIV patients in the 

90s, while being one of the early practical care-givers of HIV patients in the U.S. He explained 

that such had to do with some medications not being able to cross the blood-brain barrier. His 
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explanation remained vividly imprinted on my mind. As I present this research presentation, which 

has enlightened me about many more important aspects of the health-care frontier, I also seek to 

lay out this information for the empowerment toward positive leaps for healthcare and humanity. 

Cleveland Clinic (2023) explains that the blood-brain barrier, also known as the BBB, is a tightly 

packed semi-permeable membrane layer of defender brain cells, regulating the flow of substances 

between the blood and brain. 

3.7.4.3 Ethical Considerations 

     Guidelines for patients’ health and safety must be followed although US is the safest imaging 

modality. Some patients may request frequent US imaging only to continue viewing the 

development of their fetuses, and for keepsake. Such has been discouraged, requiring only the 

necessary US images as ordered by the physicians. As with all medical imaging techniques, 

ultrasound patients’ data used in AI algorithms must be secure, patients fully informed about the 

use of nanotechnology and AI in their treatment, addressing disparities in access to advanced 

treatments, and considering the long-term impact of nanomaterials on health and the environment 

must be dealt with. (Herrington, et al. 2023). 

3.7.4.4 Innovations  

     According to Ott (2024), ultrasound technology has been a recipient of many innovations. Such 

include ergonomic improvements, and the portable ultrasound machine which can be used in 

various healthcare settings, in addition to a handheld portable ultrasound that uses Wi fi to transmit 

information to the main clinical provider or institution. This can also be used from home. A three-

dimensional view is created when 3D ultrasound combines multiple 2D images and real-time 

moving images are captured by 4D ultrasound adding time to 3D ultrasound. Real-time computer 

imaging has also brought about enhanced images with volumetric ultrasound giving deeper images 



 
 

75 
 

than sonograms. AI integration produces automated images and ultrasound attenuation imaging is 

an emerging technique that can screen for non-alcoholic fatty liver disease (NAFLD). (Ott, 2024). 

Developing nanoparticles that can respond to specific biological conditions for controlled drug 

release has been receiving big payloads, as well as using AI to design and optimally functionalize 

nanoparticles for specific applications, while producing them through green eco-friendly methods. 

(Tharkar et al., 2019).  

 

Figure 36:  Targeted microbubbles carrying lipid-oil-nanodroplets for ultrasound-triggered delivery of the 

hydrophobic drug, combretastatin A4Source: Charlambous et al. (2021), https://www.sciencedirect.com 

     Charlambous et al. (2021) lay out a trajectory with respect to targeted drug delivery showing 

how drugs can be infused into the microbubbles and spearheaded to specific areas in the body by 

way of ultrasound and explaining that AI algorithms can analyze real-time imaging data to 

determine the optimal moment to burst the microbubbles, releasing the drug precisely where it is 

needed. Nanotechnology can improve the stability and drug-carrying capacity of these 

microbubbles. Charalambous et al. (2021) also explain that some highly powerful and promising 

drugs could not be accepted for clinical presentations because they could be easily dissolved. To 

overcome this stumbling block, Lipid-stabilized Oil Nanodroplets (LONDs) were designed 

especially for encapsulation of drugs such as the vascular disruptive agent Combretastatin A4 

(CA4), which met such criteria of not being able to be dissolved. Initial pre-clinical work with 

https://crimsonpublishers.com/eme/fulltext/EME.000606.php
https://crimsonpublishers.com/eme/fulltext/EME.000606.php
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CA4 LONDs showed an amassed amount of CA4 in tumor tissue. When CA4 LONDs were 

attached to VEGFR2-targeted Microbubbles (MBs), this allowed an activated release of CA4, 

resulting in a lessened state of perfusion of the tumor after its treatment. (Charlambous et al., 

2021). Tharkar et al., (2019) conclude that Ultrasound disrupts drug carrying nanoparticles and 

release the drug exactly at tumor sites. Ultimately, the synergy of ultrasound and ultrasound-

sensitive nanoparticles can improve delivery of drug from nanoparticles. These nano-medicine 

technologies merged with AI, render a potent toolkit for battling complicated challenges in 

healthcare and other related industries as AI, microbubbles, and nanotechnology pave the way for 

more personalized treatment and combined diagnoses.  (Tharkar et al, 2019). 

3.7.5 Synergy 5: Positron Emission Tomography (PET) and Single Photon Emission  

     Computed Tomography (SPECT) 

 According to Goel et al. (2014), PET (Positron Emission Tomography) and SPECT (Single 

Photon Emission Computed Tomography) are both nuclear medicine imaging techniques used to 

visualize metabolic and functional processes in the body.  Positron Emission Tomography (PET) 

and Single Photon Emission Computed Tomography (SPECT) use radioactive isotopes acting as 

PET and SPECT tracers allowing what is termed functional imaging for keeping a close tab on 

specific molecules or receptors. (Goel et al., 2024). 

3.7.5. 1 Advantages 

     Nanoparticles can be used to carry drugs to selected cells or tissues. For instance, pH-sensitive 

polymers emit drugs in the acidic environment of tumors. An example is Vescan, a liposome 

formulation that was clinically evaluated for detecting prostate, lung, and breast cancer. Some 

other applications of nanoparticles in nanomedicine include diagnostic imaging, tissue 

engineering, and theranostics. (Jensen & Bunch, 2007). The quality of PET and SPECT images is 
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enhanced through the use of AI models such as convoluted neural networks (CNN) and generative 

adversarial networks (GANs) because they decrease noise and improve resolution. AI reduces the 

quantity of radiotracers required decreasing radiation exposure. Scanning time is also needed as 

AI streamlines the image process and identifies patterns in imaging data that cannot be viewed by 

the human eyes. (Balaji et al. 2024). 

3.7.5.2 Limitations and Challenges 

     It is difficult to retrieve vast amounts of high-quality data in order to train AI. Creating and 

polishing AI can be complicated with a high maintenance level. The first thing that the medical 

community and stockholders may want to do is to inspect images of AI questioning their validity. 

This is in itself is a challenge ensuring that AI enhanced images are accepted. (Muppidahi, 2023).                     

3.7.5.3 Ethical Considerations 

     Securing sensitive patients’ data must be vigorously maintained to deter unauthorized access. 

AI data models must be trained to be unbiased in order to prevent inaccurate patient diagnostic 

reports. The ease of transparency and understanding AI interpretation of PET and SPECT imaging 

and what they entail, down to the use of nanotechnology, can bring a measure of trust and 

confidence in health care and patient providers. (Herrington et al., 2023)                                         

3.7.5.5 Innovations  

     Currently, nanoparticles are being investigated and being used in pre-clinical and clinical trials 

for PET and can include gold nanoparticles, quantum dots, and iron oxide nanoparticles, frequently 

functionalized with PET tracers, for much better imaging. With SPECT similar nanoparticles are 

being researched, however they are functionalized with SPECT tracers or iodine isotopes. (Phua 

et al., 2022).                                                                                                   
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Figure 37: Scheme 1: Various nanomaterials through modifications for nuclear imaging PET/CT (SPECT/CT) 

probes. Source: Phua et al. (2022) https://www.doi.org/10.3390/nano1012040582 

 

Figure 38: Scheme 2. Various modifications of nanomaterials as nuclear imaging probes for their 

multifunctional theranostic applications. Source: Phua et al. (2022) 

https://www.doi.org/10.3390/nano1012040582 

      Nanoparticles are used in nuclear medicine for several types of applications, including 

imaging, drug delivery, and targeted cancer therapy. With respect to imaging, they can be used as 

radiotracers non-invasively. Phua et al. (2022) posit that quantum dots, and organic nanomaterials 

such as liposomes and exosomes have been featured among the novel developments bringing a 

paradigm shift in nuclear imaging. Goel et al. (2014) point out that functional imaging availability 

from both PET and SPECT is different from the kind of anatomical imaging coming from CT or 

MRI, since their main aim is to highlight how tissues behave. Current innovations termed hybrid 

imaging which integrate PET or SPECT with CT or MRI facilitate both metabolic and anatomical 

information. There have also been advances in detector technology involving improved detectors 

for better resolution and sensitivity, synergizing with AI and nanotechnology as AI algorithms 

greatly improve the reconstruction of images, diagnostic precision, and disease progression 

prediction. Nanoparticles are also being optimally researched and designed with respect to tracer 

https://www.doi.org/
https://doi.org/10.3390/nano12040582
https://www.doi.org/
https://doi.org/10.3390/nano12040582
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targeting and for better quality imaging, all through the assistance of AI, catapulting PET and 

SPECT into more powerful tools with respect to medical diagnostics and research.  Cuocolo and 

Pretretta (2021) point out that these breakthroughs are leading in the sphere of nuclear medicine 

modalities. Some innovations in PET and SPECT beneficial to health care systems include: 

expanded Z-axis which allows for head-to-toe imaging in a single scan reducing exam time and 

radiotracer dose; iterative reconstruction produces clearer images and decreases noise;  Fibroblast 

Activation Protein Inhibitor (FAPI) agents can be used to diagnose multiple disease states, 

including cancer, infection, and inflammation; immune PET imaging facilitates the assessment of 

the tumor, targeting  in vivo biodistribution of monoclonal antibodies; sensitive detector materials, 

semiconductor detectors, and the replacement of conventional photomultiplier tubes with signal 

amplifier devices are all included in improved hardware; reconstruction algorithms, data correction 

and quantitative methods, digital PET and radiotracers are among the latest generation of PET/CTs 

software as well as PET and SPECT molecular imaging. (Fornell, 2022). Cross-Scanner and Cross-

Protocol Training are being developed. This means that AI models will be trained across scanners 

thereby enhancing their uses in various clinical settings. Unpaired data sets which create 

unsupervised learning techniques, reducing the vast amount of labeled data needed, and task 

specific data sets which also improve AI’s performance in targeted clinical scenario analyses are 

being investigated. (Fornell, 2022). With respect to gold nanoparticles (Au NPs) and gold nanorods 

(Au NRs), their potential effects in molecular imaging and radionuclide targeted therapy are being 

analyzed. (Balaji, et al., 2024). These advancements demonstrate the powerful ability of AI and 

nanotechnology to revolutionize PET and SPECT imaging, and the importance of addressing 

challenges, toxicity and ethical issues cannot be underestimated or denied, to ensure safe and 

effective implementation. 
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                                                              Chapter Four 

                                   AI Tools, Digital Twins and Chip Technology:    

                                            Medical AI and Nanotech Synergies  

 

4.1 Some AI Tools Used in Synergy with Nanotechnology 

          Google Gemini AI tool performs several processes which include long context windows 

multimodal understanding for text, video, audio, images and what is called sophisticated 

reasoning. It is presented in three versions which are Ultra, Pro and Nano, and can be deployed for 

different needs and researchers have been utilizing these capabilities in many modalities. (Blake, 

2024). The EVONANO Platform, developed by researchers at the University of Bristol, merges 

virtual tumor growth with AI to copy and design nanoparticles efficiently for cancer treatment. 

(University of Bristol, 2021). Custom-designed nanoparticles, an AI based method to make 

custom-design nanoparticles, which contain multi-layers and the desired properties have been 

designed by MIT physicists. Displays, cloaking systems and medical devices are suited for these 

nanoparticle applications, which are still being investigated for their therapeutic values. (Trafton, 

2013). AI-Generated nanoparticles for drug delivery have been developed through collaborative 

studies which used AI to do these designs. For instance, such include researchers from Cardiff 

University and Astra Geneca. The researchers teamed up to investigate the use of AI to develop a 

nanoparticle to deliver mRNA drugs to cancer cells. (Cardiff university, 2023). Hunter et al. (2024) 

demonstrate this approach as described in the caption of figure 39, where advanced image analysis 

and machine learning were used in the assays. These tools exemplify the powerful synergy 
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between AI and nanotechnology, resulting in innovative solutions for real-world challenges in the 

healthcare arena and its related landscapes. 

 

Figure 39: “An assay for the functional delivery of mRNA by LNP. a) Functional delivery of mRNA by LNP 

requires several steps (green arrows), and there are multiple mechanisms by which the delivery process can be 

disrupted (red arrows). b) Concentration–response of mRNA-LNP in NCI-H358 cells. Black line connects means 

of three technical replicates per concentration. Gray dashed lines show maximum observed mCherry 

fluorescence and concentration used in subsequent screening experiments. c) The density of NCI-H358 cells 

affects the efficiency of mRNA delivery. d) Schematic of the functional delivery screening assay workflow.” 

Credit and caption source:  Hunter et al., (2023). Small Methods (2023). DOI: 10.1002/smtd.202201695 

 

 4.2 Digital Twins in Healthcare: AI and Nanotech Synergy  

      Digital twins are virtual copies or computer models of physical objects, systems, or processes. 

In healthcare, twins can represent anything from individual patients to entire hospital systems. 

Moore (2024), elucidates this technology as it relates to the healthcare systems by pointing out that 

digital twins can give a clearer understanding of the original process being virtually simulated. 

Digital twins can also help design personalized treatment plans by simulating how different 

treatments might affect an individual patient. This involves the use of predictive analysis which 
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analyzes real-time data so that cues can be gleaned about potential health issues with a view to 

preventing critical health issues and relapses. In a risk-free, virtual environment, digital twins can 

be used to train medical professionals expertly and allow for real-time monitoring of patients by 

their providers. As far as synergy with AI and nanotechnology are concerned, vast amounts of data 

can be processed to return accurate predictions, while nanotech can enhance sensors and devices 

utilized in data collection. (Moore, 2024). Vallee (2023) posits that optimizing resource allocation, 

streamlining workflows, improvement of operational efficiency, making better change analysis 

decisions within a free-flowing service environment without affecting patients’ safety, can be 

optimized when healthcare systems use digital twins. Digital twins can help patients have a strong 

voice in their own care and promote decision-making in a collaborative way, through this digital 

microscope. Speed and accuracy in anatomical imaging, surgery, diagnoses and remote therapies 

to treat strokes and the like, can be accomplished with digital twins. (Vallee, 2023). By 

experimenting with digital twins, which are replicas of what desired changes are to be made in the 

in the real world, monitoring, upgrading and changes can then be accomplished. Advanced 

technologies, when merged, make digital twin development and applications more potent. Some 

of the main ones include: Internet of Things (IoT) devices which harness real-time data that is 

critical in the designing and updating of digital twins; the creation of accurate and refined models 

to utilize AI and ML algorithms; big data analytics; simulation and modeling tools. These tools 

also predict future behaviors as they dynamically and virtually integrate to mimic reality-related 

scenarios and entities. Cloud computing for computational complexities, and 5G also provide a 

smooth transition of communication between the physical entity and its digital twin. (Vallee, 

2023). 
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Figure 40: A 3-D virtual simulation of the heart for guiding ablation of Ventricular tachycardia. 

Credit: John Hopkins University and CIBC (2018).  

https://www.sci.utah.edu/cibc cdn2.webdamd.com/1280_oDc2EON201061.png?1536764968 

      

 In a proof-of-concept study, researchers at Johns Hopkins University have used digital twins to 

create personalized models of patients' hearts. These models were used to help identify untoward 

heart rhythm defects and predict optimal treatment plans for them. (John Hopkins University and 

CIBC, 2018). 

     Velez, (2024), technical director and net zero digital delivery lead for Mott Mac Donald says, 

“Think of a major hospital with many buildings spread over a large estate, then consider the 

challenge, time and effort involved in improving energy efficiency across the board.” (Para 1, ll.1-

3). To combat this seemingly insurmountable challenge, this engineering consultancy firm used 

energy digital twins to improve the energy efficiency of a major hospital. They accomplished such 

by simulating various scenarios, then they were able to single out the most energy-efficient 

configurations and strategies, which resulted in significant cost and carbon savings. (Velez, 2024). 

https://www.sci.utah.edu/cibc
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Figure 41: Image of hypothetical expansive hospital span requiring an energy saving digital twin 

assessment. Velez, (2024) https://www.bimplus.com 

Image source: Building ©Dzmitry Auramchik|Dreamstime.com 

 

Simsek (2024) notes that many hospitals deployed digital twins to manage resources and 

operations more effectively during the COVID-19 pandemic. Digital twins in dynamic digital 

replicas, using AI, mapped out bed capacity, staff scheduling, and treatment processes, rendering 

overall efficiency and patient care. Some IoT devices with nanotech beds, real-time data analytics 

for updates and intervention, formed the backdrop for this army of assistance made possible by 

digital twins. 

4.2 Innovative Future of Digital Twins in Healthcare 

     According to Vallee (2023), digital twin technology in healthcare has a great future with more 

advancements coming on board. Integrating digital twins with genomic data can result in better 

treatments for each individual since the complete set of DNA sequences that make up an organism 

is called its genomic data. Genomic data is critical in healthcare because it helps researchers, 

doctors and nurses analyze and comprehend the genetic factors that cause diseases. In addition, an 

indication is given on how patients are likely to respond to various treatments. Advances in 

wearable techniques such as blood pressure detection tracking, AI-powered women’s health 

features, mental health and brain tracking, non-optical heart sensors, telemedicine, medical 

https://www.bimplus.com/
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imaging are all gaining ground with better solutions through neural network training. All of this 

will help to free the health community to concentrate on more direct patient care. (Vallee, 2023). 

4.3  3D Additive Printing, Nanotechnology and Prosthetics in Health Care 

         3D printing and nanotechnology integrate in an interesting way, improving upon each other’s 

technology with nanoparticles improving the strength and conductivity of utilized materials. They 

create revolutionary tools which are flexible and accessible in the medical arena.  In my opinion, 

even the layman can innovatively hone in on these technologies with some reading, investigation, 

discipline and focus. I have observed that the level of sophistication of prosthetics for limbs have 

become quite unique. The use of chip technology is being thoroughly explored to interface with  

the mind to train and dictate movements, which can include running, grasping objects, writing and 

the like.  This is accomplished through using AI algorithms and integrated chip technology, as they 

play a major part in simulating almost near perfect anatomical limb functions. Built in (n.d.) 

explains that the technology commonly associated with 3D printing is often referred to as additive 

manufacturing. Such uses 3D objects by the layering method of plastics, composites or bio-

materials with the help of computer-aided design. (CAD). According to Ross (2023), prosthetic 

body parts for therapeutic and restorative purposes include limbs, teeth and heart valves. Patients 

can even order their preferences with respect to body appendages. Some patients endeavor to team 

up with innovative hubs, open-source designs and projects within their communities to make their 

own creative prosthetic appendages afforded by 3D printing. They also collaborate to receive 

grants and funding from philanthropic individuals, organizations and foundations. These 

prosthetics can include brand names like the less expensive E-nable prosthetic hands, which can 

be custom-made especially for children, the Bionico Hand which are myoelectric with self-

repairing capabilities, the Youbionic Robotic Arms which offers kits for creating robotic arms, 
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doubling up as educational tools for children and robotic enthusiasts. Figure 42 shows some 

colorful 3-D manufactured prosthetic arms.  Dental wear, including crown and bridges which are 

expertly crafted are among these 3-D manufactured prosthetics.  Ross (2023) points out that while 

being enhanced, some 3D-printed materials may not be durable as traditional materials like 

titanium or high-grade plastics, but this can be overcome with more research on the integration of 

nanotechnology and AI into the 3D printing techniques. Then too, accessing FDA or equivalent 

regulatory approval can be lengthy at times, hindering the availability of new designs which must 

be guided by ethical and safety guidelines. Creating and manufacturing 3D-printed prosthetics 

require specialized skills and knowledge, and this is where scientifically adept skills may not be 

readily available, and not all materials used in traditional prosthetics are easily replaced with 3D 

printing, which might limit creativity and design. Traditional prosthetics are more likely to be 

covered by insurance, although this is changing as 3D-printed options become more common. 

Both 3D-printed and traditional prosthetics have their own strengths and weaknesses. The choice 

between them often depends on the specific needs of the user, the availability of technology, and 

the resources at hand. (Ross, 2023). 

 

Figure 42: Colorful 3D printed prosthetic limbs. Source: Bertavsis, (2024)  

https://www.all3dp.com 
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Figure 43: EXO PROSTHETIC LEG. Source WILL ROOT (n.d.) https://www.willrootdesign.com 

 

 

Figure 44: 5 major applications of nano-dentistry  

Source: Malick et al. (2023). https://www.pmc.nlm.nih.gov/articles/ 
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 Lara (2024) points out that 3D Systems, a U.S. based 3D printer manufacturer obtained 510(k) 

clearance from the Food and Drug Administration (FDA) in October 2024, for its multi-material 

3D printed denture offered to clients. Since then, the company started marketing its monolithic 

(one-piece) dentures which is an alloy of NextDent Jet Denture Teeth and NextDent Jet Denture 

Base materials. Such was manufactured using the company’s MultiJet Printing (MJP) technology 

which claims enhanced break resistance and aesthetics. The denture market is expected to cross 

$2 billion by 2028, and other producers are watching with eagle eyes, including restorative dental 

device Glidewell, which started synergizing its 3D Systems’ FDA-cleared denture technologies 

into its platforms. Lara (2024) notes that biotechnology company Frontier Bio reported 

advancements in creating lab-grown lung tissue by integrating bioprinting with the self-organizing 

characteristics of stem cells. This milestone which concentrates on the formulation of microscale 

lung tissue could have a positive impact on respiratory diseases and future organ transplants. Lara 

(2024) posits that since the engineered tissues mimic essential lung structure such as bronchioles 

and alveolar sacs, “With over 34 million people facing chronic lung diseases, this development 

holds promise for generating lung tissue for transplants and advancing respiratory treatments.” 

(Para. 7. ll. 3-5). 

 

Figure 45: Frontier Bio’s lab-grown lung tissue (left) was produced using bioprinting combined with tissue self-

assembly (~1 cm long). Under a microscope, the complex alveolar air sac microstructures can be seen (center and 

right). Caption Source: Sher (2024). https://www.voxelmatters.com 

 

https://glidewelldental.com/
https://www.frontierbio.com/about-us
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The lab-grown lung models, according to Sher (2024), also make a platform possible for studying 

diseases like lung cancer, pulmonary fibrosis, COPD, and COVID-19, spurring on innovation in 

new and innovative treatments in its $70B market.  According to Sher (2024), George Church,  

pioneering geneticist and advisor to Frontier Bio.commented: “Frontier Bio is doing more than 

just creating lab-grown human tissues. They’re paving the way for a future where organ donors 

are no longer needed, and animal testing is a thing of the past.” (Para 9. ll.1-2). I concur this will 

be a significant leap for mankind: 3D printing combining nanotech, and AI to address crucial 

healthcare issues such as these being researched by Frontier Bio.  

 

 

Figure 46: “Frontier Bio’s RESPIRE 3D printed lungs bridges the gap between simpler in vitro respiratory models (organoid 

and organ-on-chip technologies) and whole animals. It is a full distal lung model containing the bronchial and alveolar epithelia 

and their associated mesenchymal and vascular cells. Since it’s comprised of human cells, RESPIRE is expected to perform 

similarly to the human distal lung. This makes it indispensable in research where animal models fail to mimic human-like 

responses, such as in viral infections.”Caption Source: Sher (2024). https://www.voxelmatters.com 

 

 

https://www.voxelmatters.com/
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4.4 Chip Technology, AI and Nanotechnology: Foot Printing in the Medical Arena  

     There are many ways that chip technology has revolutionized the medical field, and the synergy 

between AI and nanotechnology has opened doors for more novel personalized health care-

oriented solutions. According to MAYO CLINIC HEALTH SYSTEM (2018), from the first 

electronic implantable pacemaker, to the modern microchip pacemakers, specification advances 

have seen pacemakers become more compact, with multi-zone pacing, remote monitoring and rate 

responsiveness. Keeping the heart beats regular, they can last about 6 to 10 years and can be 

monitored for feedback on heart rhythms.  Semiconductor chips are also used in biosensors aid in 

the diagnosing and monitoring of health conditions. As with pacemakers and other medical devices 

implant, semiconductor technology helps in regulating heart rhythms and other bodily functions, 

and could be found in blood pressure machines and chemistry analyzers, rendering real-time 

diagnostics. 
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Figure 47: Cell microenvironment in organ-on-a-chip (OOC) engineering 

(A) OOCs rely on the use of cells, biomaterials, and culture systems (bioreactors) to re-create environments to 

reproduce key functional properties of the tissue or organ of interest. 

(B) Living-cell-made structures in OOC devices are on the order of micrometers to millimeters in size, whereas 

regenerative engineering re-creates structures on the order of millimeters to centimeters.  Source caption: Vunjak-

Novakovic (2021). https://www.cell.com 

 

 

Organs-on-a-Chip (OOC) as described in Figure 47, simulate the characteristics of human organs 

and are deployed for toxicological assessments of biomaterials, medical devices, and drugs, and 

this makes animal testing less required. (Vunjak-Novakovic et al., 2021). Other key applications 

in chip technology include Lab-on-a-Chip devices which integrate several laboratory functions on 

https://www.cell.com/
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a single chip. These miniscule devices make quick and accurate analysis of small samples for 

point-of-care speedily diagnostics and detection of diseases from very small drops of blood or 

other fluids of the body. According to RIVM report (2013), “A lab-on-a chip (LOC) is an 

automated miniaturized laboratory system used for different clinical applications inside and 

outside of the hospital.” (abstract, para 1, ll. 1-2). Some uses of LOC devices include measuring 

blood glucose, blood gases and cholesterol levels, counting HIV cells, pregnancy tests and Covid-

19 tests. Cost-effectiveness can be challenging at times, but their speed, accuracy and sensitivity 

can be reliable most of the times, once operational procedures are carried out under the safety and 

guideline conditions. 

     Wearable health monitoring devices which include fitness trackers and smart watches use 

semiconductor chips to track various health metrics like heart rate, sleep patterns, and physical 

activity. Advanced telemedicine tools are now possible through semi-conductor technology 

allowing remote diagnosing and treatments. The integration of chip technology in the healthcare 

arena continues to advance, promising even more innovative solutions for medical diagnostics and 

treatments in the future. The innovations involved in these technologies, according to Das, (2023), 

allow sensing, processing and transferring vast amounts of health data in real-time which only a 

supercomputer could have done before. AI Algorithms improve the precision and speed of 

diagnostics. These algorithms detect patterns and anomalies that human analysis and eyes can miss 

when analyzing data from medical chips, which include lab-on-a-chip devices. With respect to 

nanotechnology, the nanoscale sensors on chips are able to detect biomarkers at very low 

concentrations, making the likelihood of early disease detection possible. AI algorithms are able      

to control the movement and behavior of micro/nanorobots, enabling them to perform complex 

tasks within the body, such as targeted drug delivery or tissue repair. These robots are built using 
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nanomaterials, and this technology benefits because their nano sizes’ unique features make 

them efficient to navigate over the bodily systems. AI enables swarm intelligence in micro/nano 

robots, allowing them to work together to perform tasks more effectively. AI swarm intelligence, 

according to HPE (Hewlett Packard Enterprise) Glossary (2024), is a type of artificial intelligence 

(AI) “network of endpoint devices capable of generating and processing data at the same source.” 

(Para 1,ll. 1-2). This means that groups of simple networks interact with each other and their 

environment to solve problems.  Therefore, nanorobots can network and synchronize their actions 

to achieve a common goal, such as clearing blockages in blood vessels. Imec (2020) points out 

that nanoscale sensors are in devices and also are expert in detecting health metrics with great 

accuracy. The smaller chips become, the more functionality and sensitivity they possess, and this 

innovation in miniaturization is cutting-edge for medical implants. Such paves the path for small, 

lightweight devices that eat little energy and are comfortable and smart for both doctor and patient 

alike.  Medical implants are now smaller, and highly functional. They are capable of using a closed 

loop system, containing different sensors, actuators and sometimes even the algorithms to 

facilitate connections. Some of the challenges in developing medical implants include 

incompatibility or unavailability of materials at times, battery power, functionality, electrical 

power consumption, size shrinkage, system delivery, and wireless communication issues can also 

prop up. (imec, 2020). However, imec (2020) declares that the future outlook for innovation in 

chip technology is promising across the board, as far as medical diagnostics, wearables and 

implantables  are concerned. The human body will be able to function on an optimal and healthy 

limit, with different areas of the anatomy carded for relief in many ways as shown in figure 45 

which displays targeted anatomical areas for potential implantables. In addition to being smaller, 

such will be smarter, faster and more connected. Shaima et al. (2024) contend that there is great 
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expectation that brain chip-human interfaces (BCHIs) will enhance the field of neurological 

research and rehabilitation, especially for diseases like paraplegia, quadriplegia, Parkinson’s 

disease, and cancer cell pre-detection.  

 

Figure 48: Potential applications of implantables. Source imec (2020), April 30. https://www.imec.com 
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Figure 49: The eye shown as a future candidate for innovative optical implantables. 

Source: imec (2020) https://www.imec-int.com 

 

      Cutting-edge information about artificial neural networks and the principles behind their 

programming in microchip technology, specifically for making the blind see again is being 

undertaken on chip technology platforms. The following are some small snippets of python code 

which give an example of how deep learning, CNN and RNN can be used in the context of 

connecting a chip implant to the optic nerve to simulate sight. Of course, expert programmers and 

coders are part of such research teams, and the following examples consist of the type of coding 

that might be used when researchers are coding in their professional compiling space. According 

to  toppr (2024), “ A compiler is a software that converts the source code to the object code. In 

other words, we can say that it converts the high-level language to machine/binary language. 

Moreover, it is necessary to perform this step to make the program executable. This is because the 

computer understands only binary language.” (Para 1. Ll1-4). In the following snippet examples 

the high-level programming language Python is used to execute ANNs algorithms to fit the 

connection of simulating optic nerve signals: 

    

➢ Step 1. With a Deep Learning Setup, an environment with the needed libraries of 

python codes is set up resembling python code in Figure 50. 

 

https://www.imec-int.com/
https://www.toppr.com/guides/computer-aptitude-and-knowledge/basics-of-computers/hardware-and-software/
https://www.toppr.com/guides/computer-aptitude-and-knowledge/basics-of-computers/computer-languages/
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Python 

 
import  tensorflow  as  tf 

from  tensorflow.keras.models import   Sequential 

from  tensorflow.keras.layers   import  Dense, Conv2D,  Flatten, LSTM 

 

Figure 50: A Deep Learning set-up code, python snippet example 

 

➢ Step 2. Convolutional Neural Network (CNN) 

Invoke simple CNN commands for processing visual data (images) that might be coming from the 

chip implant in python code resembling python code in Figure 51 as seen below. 

 

Python 

 
#  Define  a  CNN  model 

cnn_model = Sequential([ 

       Conv2D(32,  (3,  3), activation='relu' ,  input_shape=(64,  64,  1)), 

       Conv2D(64,  (3,  3), activation='relu' ), 

       Flatten(), 

       Dense(128,  activation='relu' ), 

       Dense(10,  activation='softmax' ) 

]) 
 

# Compile the model 

cnn_model.compile(optimizer='adam', loss='categorical_crossentropy', metrics=['accuracy']) 

 
# Summary of the model 

cnn_model.summary() 

 

Figure 51: A CNN code, python snippet example 

 

➢ Step 3. Recurrent Neural Network (RNN) 

 

Invoke RNN (LSTM in this case) commands for processing sequences of data, such as the 

temporal sequences of visual information which can resemble python code as seen in figure 52. 
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 Python 

 
# Define an RNN model 

rnn_model = Sequential([ 

       LSTM(128, input_shape=(None, 64), return_sequences=True), 

       LSTM(64), 

       Dense(32, activation='relu'), 

       Dense(10, activation='softmax') 

]) 

 

#  Compile  the  model 

rnn_model.compile(optimizer='adam', loss='categorical_crossentropy', metrics=['accuracy']) 

 

# Summary of the model 

rnn_model.summary() 

 

Figure 52: An RNN code, python snippet example 

 

 

➢ Step 4. Connecting to the Optic Nerve 

 

Specialized hardware and software interfaces are necessary for the actual connection to the 

optic nerve. The neural signals processed by the CNN and RNN can then be translated into 

electrical impulses that the optic nerve can interpret. The following is a simplified example 

of how the outputs from the neural network could be used to simulate  

optic nerve signals: 

 

 
Python 

 
# Simulate converting neural network outputs to optic nerve signals 

def simulate_optic_nerve_signals(model_output): 

      # Convert model output to electrical impulses 

      electrical_impulses = model_output  * 100  #  This is a simplified example 

      return electrical_impulses 

 

# Example usage 

sample_output  =  cnn_model.predict(some_input_data)  # Replace 'some_input_data' with actual input 

optic_nerve_signals  =  simulate_optic_nerve_signals(sample_output) 

print(optic_nerve_signals) 

 

Figure 53:  Connecting to the optic nerve, python code snippet example. 
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      It is pragmatic to consider that the above code snippets are indeed simplified examples, and 

developing a functional system would involve more complex and detailed work, research, funding, 

including and integrating with hardware and ensuring biocompatibility and safety. For instance, 

the question remained on my mind about the ability of neural networks to link up to electrodes on 

a chip and telling the chips exactly how to behave.  

     Researchers Sakai and Teshima (2024), who have developed a brain-on-a-chip (BOC) model 

explain: “Since the brain transmits electrical signals between neurons in three-dimensional (3-D) 

space, we developed a 3-D deformable electrode array to measure electrical signals from a 3-D 

network of cultured neurons using a graphene self-folding technique.” (Para 1, ll 1-2). Generally, 

the neurons or sensors send signals to the electrodes. Chu (2020) in an article comparing artificial 

synapses and biological neural networks, describes electrodes which have been termed memristors 

as being able to mimic the brain’s infrastructure, and perform complicated tasks. They are 

conductive material which can connect artificial synapses to the artificial neurons or other sensors 

to the microcontroller or processor of the chip, after which the AI model software data-processes 

the information which has been integrated with other hardware.  (Chu, 2020).  

     This paper lauds and roots all present research in this area, and advocates continuing research 

without fear or favor. Let me say my current research in this area has spiked my interest in this 

innovative sphere of chip technology, having been one of the caretakers of a late, blind mother and 

some other patients as well. Furthermore, the author would gladly accept research funding to 

develop such a project where the blind would be able to see again. Some researchers are already 

on board making great waves with chip technology optical implants. For instance, Schneider, 

(2021) points out that a team of researchers from the University of Utah’s John A. Moran Eye 
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Center and Spain’s Miguel Hernandez university, successfully developed the Moran/Cortivis 

prosthesis, designed to bypass the eye and optic nerve and which sends signals directly to the visual 

perception of the brain. This chip implant is used in conjunction with special camera glasses and 

was successfully tested on a 58-year-old blind, biology teacher. (Schneider, 2021). Researchers at 

the University of Oregon have also been working on building a better bionic eye, which could give 

back sight to millions, according to Burns, (2023).  Elon Musk’s Neuralink device Blindsight, 

received FDA breakthrough device designation for its speedily development, with researchers 

working on enabling those who have lost sight in both eyes to see, once the visual cortex is intact, 

as stated by Hagen, (2024). Bionic eye implants have been approved in both the United States and 

other countries. The Argus II Retinal Prosthesis System was the first bionic eye to receive FDA 

approval in the United States in 2013. This device helps restore limited vision for individuals 

blinded by retinitis pigmentosa, according to the U.S. National Science Foundation (2013).  In 

Europe, the Argus II also received CE Mark approval in 2011, and other devices such as the Alpha 

IMS and Iris II retinal systems have also been approved. These devices are designed to help people 

with severe vision loss navigate their surroundings by converting visual information into electrical 

signals that the brain can interpret.  

     Continuing innovative spirit will reveal who will be the master entrepreneurs presenting the 

best microchip implant brands for the many receptive areas of the body. Innovators seem not to be 

intimidated by their rivals as they march forward. Working and exceptional brands will be a gift 

to the health care system and humanity on the whole, where patients would be able to choose the 

best chip brand at an affordable cost to suit their health needs and with the advice of their care 

givers. 
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                                                    Chapter Five 

                                   Elon Musk’s Neuralink: A Case Study                          

5.1 Background 
      Elon Musk is a current leader in the world of technology. International health care systems can 

benefit tremendously from his projects, particularly from one of his highly significant projects,   

the development of his Neuralink brain interface chip. Elon Musk has been described as one of the 

world’s most formidable entrepreneurs. According to Blystone (2024), Musk centers his work 

around his idealism and concern for human progress. Musk ideas have spawned several billion-

dollar companies and the past decades saw him becoming the CEO of ZipX, Tesla, SpaceX, 

founder of the Boring Company, co-founder of Open-AI and Neuralink. In October 2022, Musk 

became the owner of social media company Twitter, which is now X.com (X). (Blystone, 2024). 

5.2 Objective 

     The purpose of this case study is to explore Elon Musk’s contribution to AI and nanotechnology 

and his on-going development of Neuralink. This exciting blend of cutting-edge technology and 

trail blazing synergy of the anatomy of neurons and ANNs, have the potential to shape many 

aspects of healthcare in an outstanding and positive way. The Neuralink brain-chip, according to 

Neuralink (2024), is an interfacing device for thoughts to control and navigate interfaced electronic 

devices such as the smartphone, laptop or computer and other related devices. Such will be able to 

assist quadriplegics and persons with spinal cord injuries, which have left them without motor 

skills.  

5.3 Synergy with AI and Nanotechnology 

     Musk’s Neuralink is a perfect example of an aspect of chip technology that synergizes with 

both AI and nanotechnology. Neuralink’s brain-machine interfaces use chips to read and write 

neural signals, AI algorithms to interpret and process these signals, and nanotechnology to create 
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the ultra-fine electrodes needed for such precise neural connections. Musk has managed to 

engineer and fine-tune chip electrodes needed for the precise simulation of neural connectivity in 

what can be called a masterpiece of cutting-edge technology debunking that such was only 

attainable in a ‘sci-fi’ scenario. Musk has shown that a brain chip machine can control thoughts.  

5.3.1 Intricacies of Neuralink’s Brain Chip: Cloning Artificial Features from Biological 

Features 

     Upon examination of the intricacies required for such engineering of the simulation of the brain 

through Neuralink’s brain chip, Shaima et al. (2024) explain that the development of Neuralink 

involved a multifaceted approach, which thoroughly investigated and combined materials science, 

neurosurgery and computational neuroscience. Therefore, it is pragmatic to determine that a great 

amount of effort went into comprehending and interpreting the neural codes associated with 

different thoughts, sensations, processing and movements. According to BrainFacts (2012), there 

are about 100 billion neurons in the human brain. Mental Health America (2024) explains that 

neurons are structurally and functionally different than other types of cells and they are uniquely 

created for communication among cells. A neuron is made up of three major parts, a cell body also 

called a soma, dendrites, and an axon. The cell body or soma which is the base of the neuron carries 

genetic information, upholds the neuron’s structure, and furnishes the energy needed to carry out 

the operations and functions of the neuron. The axon, which is long and thin, conveys information 

from its neuron to another neuron through electrical impulses. Most of the axons are coated in 

myelin, a fatty substance which assists the axons in conducting an electrical signal. (Mental Health 

America, 2024). 
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Figure 54: Anatomy of a neuron. Source: Mental Health America (2024). https://www.mhanational.org 

It is via the dendrites a neuron pulls information from other cells. Like antennae, branching out 

from the cell body, they receive and process signals coming from the axons of other neurons. 

Neurons can possess multiple clusters of dendrites, depending on what work they must 

perform.(Mental Health America, 2024). 

 

Figure 55: Neurons’communication: diagram depicting how neurons communicate. Source: Mental Health 

America (2024). https://www.mhanational.org 

 

Mental Health America, (2024) further explains that the synapse is the junction where two neurons 

meet and where intercell communication happens, and that neurons communicate with each other 

through action potential which refers to variations in a neuron’s electric potential, and 

neurotransmitters.  
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5.3.2 The Gap between Brains and Computers with Respect to Storage and Memory 

     Anwar (2023) explains that there is a gap between brains and computers with respect to storage 

and memory. Human brains can process long-term memory in the most incredible pattern through 

the plasticity of its synapses, which facilitate speedy recall of daily scenarios of experiences as life 

goes on. However, computer memory is fixed and stored and eventually runs out, needing 

replacing. This is the limitation which underscores the fact that technology is constantly being 

developed to rival the fantastic firing power of the brain’s cognitive ability. Elon musk’s Neuralink 

brain chip is a superb example of this. Even though there are differences in brain and computer 

memory, according to Anwar (2023), similarities do exist between computer storage systems and 

that of the memory processing power of the brain, since they both can be the receptors of errors or 

failures in recovering stored information as a result of hardware malfunctions or neurological 

human maladies such as Alzheimer’s. 

5.3.3 ANNs and Brain Simulation: The Hurdle Musk Crossed 

     Another artificial intelligence infrastructure is the neural network, which facilitates important 

research in the health care industry. According to the Editors of Encyclopedia Brittanica, (2024), 

the neural network is a computer program which simulates the physiology of the brain. Its main 

goal is to execute cognition such as the problem-solving process and machine learning.  Pattern 

recognition and speech analysis are some of the intricate human mental performance areas neural 

networks are leading in the arena of cognition related computing technology. Contreras (2023) 

posits that to simulate the human brain is a formidable task and that the cognitive processes of the 

brain possess a huge network of neurons which are interconnected with the ability to process 

complicated computations. Neurons, according to Contreras (2023), manage to communicate with 

each other by way of synapses which transmit electrical and chemical signals resulting in our 
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cognitive processes of thoughts, emotions, and actions. Mimicking this sophisticated, tight neural 

network with classical computers requires vast arrays of storage and electronic firing. Contreras 

(2023) declares: “Even with the most advanced supercomputers, simulating the brain in real-time 

remains beyond our current capabilities.” (Para 2. ll.7-9). However, according to Salzman et al. 

(2024), innovator Elon Musk and members of his Neuralink research team were able to implant a 

chip into the brain of a quadriplegic, Noland Arbaugh, showing that simulating the brain in real-

time could be surmounted to some degree. In Musk’s research, there is strong hint of underlying 

quantum brain simulation, where it has found that quantum computing can be used innovatively in 

different fields, which include simulating the human brain.  According to MOUNT BONNEL (n.d.), 

in 2016, Elon Musk and a team of neuroscientists and engineers founded Neuralink. The company's 

mission concentrates on designing high-bandwidth brain-machine interfaces which can connect 

humans and computers.  Neuralink has made significant strides in BCI technology, with talented 

professionals from neuroscience, robotics, and software engineering fields coming on board.  

Although Neuralink initially focused on assisting quadriplegics, the company have expanded its 

potential applications to treat chronic pain and neurological maladies. (MOUNT BONNELL, n.d.) 

        Contreras (2023) declares that quantum computing has the potential to revolutionize several 

fields including neuroscience and Artificial Intelligence. With respect to neuroscience, more potent 

knowledge is acquired for the functioning of the brain and the etiology of its diseases with 

breakthrough treatments. With respect to AI, the power of quantum computing has the stronger 

capability of simulating human AI patterns which involve complicated thought processes and 

comprehending natural language, according to Contreras, (2023).  

   The human nervous system, according to Loewy et al. (2024) controls stimuli coming from 

sensory receptors directly to the brain and spinal cord, eventually regulating stimulation back to 
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other areas of the anatomy system that conducts stimuli. This electrochemical via sensory receptors 

is facilitated by a channeling network of specialized cells made up mainly of neurons, several 

neural support cells, and bundles of nerve fibers which fire neural impulses to the receptor site of 

a response. (Loewy et al., 2024.) The two major parts of the human nervous system which are 

similar in higher vertebrates are the central nervous system which are the brain and spinal cord 

and the highway of nerves that transport the stimuli back and forth from the central nervous system, 

the peripheral nervous system. It must be noted that the brain is uniquely large and highly 

developed. (Loewy et al., 2024). 

5.3.4 Examining Artificial Intelligence Neural Networks (ANNs): Neuralink’s Core  

         Technological Assemblies 

       Encyclopedia Brittanica (2010) explains that a neural network is a model inspired by the 

structural function of neural networks in animal brains. An artificial neural network (ANN) 

consists of connected units or nodes called artificial neurons which loosely model the neurons in 

the brain. It is mindboggling to imagine how Elon Musk and his team developed Neuralink and it 

is pragmatic that this case study devotes an investigation of some of these artificial neural networks 

(ANNs) which helped the engineers and neuroscientists to develop such a novel piece of 

computational brain inter-face device. 
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 © 2010. Encyclopedia Britannica, Inc. 
 
Figure 56: A simple feedforward neural network. (Source: Encyclopedia Britannica (2024). 

https://www.britannica.com/facts/neural-network#media/1/410549/56311  

 

 

On examining Figure 56, it would be seen that Encyclopedia Brittanica (2024), writer Zwass 

(2024) explains in its caption: “A simple feedforward neural network’ media image, that all signals 

are one-directional with respect to input flowing to output and that input neurons are the receptors 

of signals from the environment which then send signals to neurons in what is called the “hidden” 

layer. Whether any particular neuron sends a signal, or “fires,” depends on the combined strength 

of signals received from the preceding layer. Output neurons communicate the final result by their 

firing pattern.” (Caption: ll. 1-6. ‘A simple feedforward neural network.’) 
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Figure 57: A section of an artificial neural network.  

 (Source: Encyclopedia Britannica (2024). https://www.britannica.com/technology/neural-

network#media/1/410549/112403  

 

 

Encyclopedia Britannica (2024) writer (Zwass, 2024) also reasons in its caption that “The weight, 

or strength, of each input is indicated by the relative size of its connection. The firing threshold for 

the output neuron, N, is 4 in this example. Hence, N is quiescent unless a combination of input 

signals is received from W, X, Y, and Z that exceeds a weight of 4.” Figure 57. (Caption: A section 

of an artificial neural network). 
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Figure 58: AI overarching the subsets of deep learning and machine learning. A schematic representation. 

Source: Dilisizian & Siegal (2018). https://www.researchgate.net 

 

 
Figure 59: An example of the parameters involved in a neural network. Source: Dilisizian & Siegal (2018). 

https://www.researchgate.net 

 

 

Dilisizian and Siegal (2018) posit that the nodes of a neural network are the input, hidden and 

output nodes. The input nodes are similar to sensory neurons for collecting and processing 
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information. The hidden nodes are like interneurons doing processing which is the thinking. The 

output is tantamount to a brain that does the last interpretation.  

5.3.5 Deep Learning Function in Artificial Intelligence 

     Dilisizian and Siegal (2018) also explain that deep learning (multiple neural networks) can 

improve the accuracy of identifying cardiac patients’ events with speedy treatments compared to 

normal procedures. Deep learning is a function in artificial intelligence (AI) that trains computers 

to analyze data in the way the human brain behaves. This modern machine learning technique 

consisting of deep learning algorithms train artificial neural networks to learn from vast amounts 

of unstructured data. They are eventually given the processing mechanisms to automatically learn 

complicated data representations without depending upon feature engineering driven by 

humans. Deep learning algorithms are superb at processing image, text, speech, and video 

data. According to Swifterm, (2024), “Deep learning has gained massive popularity in scientific 

analysis, and its algorithms are widely used by industry and ever increasingly in ecommerce now, 

as it solves complex problems.”  (para 1.1l 1-3). All deep learning algorithms use different types 

of neural networks to perform specific tasks. 

5.3.6 How CNNs Function 

     Convolutional neural networks (CNNs), also known as ConvNets, are made up of multiple 

layers and are generally deployed for the processing of images and the detection of objects. ZIP 

codes and digits were among the first uses in CNNs’ character recognition. At present, 

identification of satellite images, processing of medical images, forecasting of time series, and 

detection of anomalies are among current uses. (Swifterm, 2024). 

 

https://www.datacamp.com/tutorial/introduction-to-convolutional-neural-networks-cnns
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Figure 60:  Illustration of the correspondence between the areas associated with the primary visual cortex and 

the layers in a convolutional neural network. Source: https://www.creativecommons.org/licenses/by-nc-

sa/4.0/https://www.datacamp.com/tutorial/introduction-to-convolutional-neural-networks-cnns 

 

In figure 60, the LNG, (lateral geniculate cortex ) relays information from the retina to the primary 

visual cortex. In much the same way, a parallel scenario is presented where CNNs can identify 

objects and copy their features, functions and actions by extracting information from the layers. 

(Datacamp, 2023). 

https://www.creativecommons.org/licenses/by-nc-sa/4.0/
https://www.creativecommons.org/licenses/by-nc-sa/4.0/
https://www.datacamp.com/tutorial/introduction-to-convolutional-neural-networks-cnns
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Figure 61: CNN’s multiple layers process and extract features from data. Source: Swifterm (2024). 

https://www.swifterm.com 

 

5.3.7 How Multilayer Perceptrons (MLPs) Function 

     According to Swifterm (2024), the multilayer perceptron (MLP) is an ideal area to begin 

capturing an understanding deep learning technology.  Brownlee (2020) describes MLP as a linear 

machine learning algorithm for binary classification task and is considered as one of the first types 

of artificial neural networks which is simple and easy to master. MLPs are classified under the 

feedforward neural networks containing multiple layers of perceptrons with activation functions. 

MLPs have the same number of fully connected input layer and an output layer, but can have 

multiple hidden layers which can be deployed for speech recognition, image recognition, and 

machine translation software. (Swifterm, 2024). Below is an example of an MLP. The diagram 

computes weights and bias and applies suitable activation functions to classify images of cats and 

dogs. 

https://www.swifterm.com/
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Figure 62: Diagram of an MLP which computes weights and bias and suitable application activation 

functions classifying images of cats and dogs. Source: Swifterm (2024). https://www.swifterm.com 

 

5.3.8 How RNNs Function 

        According   to  Swifterm  (2024),  recurrent  neural  networks  (RNNs)  algorithms  master  

processing sequential data, especially for speech recognition, text generation, and machine 

translation applications. RNNs work by having an output at time t-1 which feeds into the input at 

time t. Then the output at time t feeds into the input at time t+1. In addition, RNNs can have any 

length of inputs. Historical information is a significant part of the computation and the model size 

and does not affect the input size. (Swifterm, 2024.) 

 

 

  Figure 63: Diagram of the functioning of Google’s autocompleting feature in an RNNSource: Swifterm (2024).      

  https://www. 

 

    Neuralink (2024) explains that for his human BCI project, Musk and his team used the ANNs 

to process and interpret neural signals from the brain. The networks are capable of decoding the 

https://www.swifterm.com/
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electrical activity of the brain and translating them into commands that computers, prosthetics and 

other related devices would understand. The specific ANNs used in developing Neuralink’s BCI 

were Deep Learning Models, CNNS and RNNs. 

5.4 Elon Musk and Neuralink’s Goal: Restoring Autonomy and Human Potential 

       In an outstanding integration of cutting-edge technology, shaping the future of health care, 

Musk’s Neuralink is a perfect example of chip technology that synergizes with both AI and 

nanotechnology. It is quite obvious, in my opinion, , that the very name Neuralink is a coined word 

for ‘linking neurons’. Musk’s Neuralink brain-machine interfaces use chips to read and write 

neural signals, AI algorithms to interpret and process these signals and nanotechnology to create 

ultra-fine electrodes needed for such precise connections. (Neuralink, 2024). 

        The BCI which looks like a Fitbit inserted within the skull with tiny microscopic wires, has 

been approved by the FDA for human trials. Noland Arbaugh is the first person to receive this BCI 

implant and the procedure was performed in the United States at the Barrow Neurological Institute 

in Arizona. Noland Arbaugh was born in Yuma, Arizona, U.S. and later attended Texas A&M 

University. In an exclusive interview with "Good Morning America’s" Will Reeve on May 17, 

2024, Arbaugh declared that the device bestowed on him the ability to use his thoughts almost 

fully to control a computer. In my opinion, this is a big step for humans. According to Salzman 

(2024), “The device, which is approximately the size of a coin, is implanted beneath the skull and 

uses 64 tiny wires, or threads, equipped with over 1,000 electrodes that can read neuron activity in 

the brain and connect with a computer or smartphone, according to the company.” (Para 4, ll 1-4). 
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Figure 64:Human BCI Chip implant. 

Source:. YouTube video: Byte Bots: 16 February, 2024 

 

 

Figure 65: human BCI potiential communications.  

YouTube video: Byte Bots: February 16, 2024 

 

5.4.1 Some Technical Underpinnings in Neuralink’s Development 

     In a description of Neuralink, Musk (2019) explains that Neuralink has a gold thin-film trace 

encapsulated in a polyimide primary substrate and dielectric. Musk (2019) further explains that 

the two main sections of the thin film arrays are the "sensor" area, which interfaces with custom 

chips for signal amplification and acquisition, and the "thread" area, which houses electrode 
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contacts and traces. High-throughput production is made possible by wafer-level microfabrication, 

which patterns ten thin-film devices with 3072 electrode contacts in each wafer. (Musk, 2019). 

 

 

Figure 66: A packaged sensor device. (A) Individual neural processing application-specific integrated circuit 

capable of processing 256 channels of data. This particular packaged device contains 12 of these chips for a total 

of 3072 channels. (B) Polymer threads on parylene-c substrate. (C) Titanium enclosure (lid removed). (D) Digital 

USB-C connector for power and data.  

Source:https//www.pmc.ncbi.nlm.nih.gov/articles/PMC6914248/#Sec3.doi:10.2196/16194 

https://creativecommons.org/licenses/by-nd/4.0 

 

According  to Neuralink (2024): 

➢ The brain-computer interface (BCI) is a fully implantable, wirelessly charged mobile and 

cosmetic friendly, hermetically sealed in a biocompatible enclosure. 

➢ Custom-low power chips which are advanced and electronics process neural signals, 

sending them wirelessly so that the Neuralink application can decode these intended 

movement signals. 

➢ The N1 Implant records neural activity through 1024 electrodes distributed across 64  

highly flexible-ultra thin threads, implanted by special surgical robots with needles thinner 

than a human hair. 

     For years Elon Musk has been vocal about how to make things more efficient and cut costs.   

Musk has been featured in many MBA programs, and I came upon his rigorous leadership style in 

https://creativecommons.org/licenses/by-nd/4.0
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2023, in one of my MBA courses. Today, his influence and power is growing more and more, and 

Musk would now be rallying, while now in government, for his prosthetics to be approved. Musk’s 

clinical trials do encounter functional challenges which  his team of researchers fight to overcome. 

For instance, according to Salzman et al., (2024), the first Neuralink BCI, a male quadriplegic, 

Noland Arbaugh, a 30-year-old, experienced some fear when he thought the implant would have 

to be removed. Nevertheless, Musk is proving a BCI scenario possible where only science-fiction 

had a domain. According to Neuralink, (2024), there have been more brain-computer interface 

implants following the pioneering procedure on Noland Arbaugh. Neuralink, has continued its 

clinical trials and research, working on refining their technology and furthering calls for more 

participants, recently receiving approval for clinical trials in Canada. 

5.5 Conclusion and Ethical Considerations 

     It is my belief that people can learn from such remarkable work. Smart watches, hand held 

gadgets and such other modern devices can comprehend and harness some bodily functions, which 

include sleeping, walking and running. The cloud computer stores the data generated by these 

devices. However, according to Musk (2019), Neuralink recordings’ data could be transferred to 

disks in real-time at the same time action is being tracked by smart devices. A wide and 

comprehensive data repository can assist in labeling and training AI with vast amounts of medical 

data for assisting in the diagnosing and treatment of many diseases. Indeed, there are already some 

research institutions and companies exploring similar technologies. While Musk and his team of 

researchers constantly learn, break barriers and cross frontiers, it is paramount for humanity’s sake 

to follow ethical considerations and safety, as discussed in this study for the synergy of AI and 

nanotechnology and the impacts on the health care systems. 
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                                                    Chapter 6: Survey,  

                         Recommendations, Reflections and Concluding Remarks  

6.1   Survey  

      For this work which aims to cross and penetrate barriers as it announces itself in the health 

care systems, a small survey and interviews with stakeholders were conducted in order to 

understand the extent of their knowledge, awareness and opinions about the integration of AI and 

nanotechnology, which are speedily being incorporated into the trajectory of health care systems. 

Some of the respondents answered my questionnaire online, and I spoke randomly to some 

members of my community in the cities of Port of Spain, San Fernando and some residents of the 

village of Moruga, Trinidad and Tobago, in discussions without the survey, while some of them 

also participated in the survey. Online respondents hailed from the United States, Canada, Jamaica, 

Suriname, Nigeria, and Ghana. My thesis statement and its supporting work highlight that a deep 

synergistic relationship between artificial intelligence and nanotechnology exists, with great 

impacts due to their constantly shifting paradigms. These paradigms continue with waves of 

powerful currents, with the innovative future for health care systems riding on them. The 16 

questions asked in this survey revealed diverse opinions and valuable insights on the integration 

of these advanced technologies in our health care systems. According to Survey Planet (2022), it 

is more important to get feedback from the right people rather than gaining many answers. This 

approach was adopted in a qualitative stance, and returned some thought-provoking responses 

from the diverse audience gathered online and in my community.  

6.1.1    Arriving at a Meaningful Survey 

      According to Dubey (2024), a survey can be one or more pages of a questionnaire designed 

with the goal of collecting information from the partakers, and used to gather different types of 
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data such as demographic, behavioral, psychographic and the like. Great pollsters use a variety of 

professional strategies. A survey is not to be done without adhering to ethical policies and 

principles while seeking out the views and thoughts of participants for the enhancement of projects. 

Respecting the benevolence, space, privacy and showing respect and gratitude for participation in 

the survey, are of extreme importance. Participants of this survey were assured that the information 

collected would be used solely for my dissertation and excludes any other purpose outside of this 

research project. The survey is totally anonymous and privacy maintained. Participants were 

thanked for their consent and completing the survey with best wishes for their goals and careers.   

     In defense of this study, the purpose of my survey was to garner a deeper understanding of 

what some of our human minds know about the current technologies of AI and nanotech that 

come careening through, also landing on health care systems for adoption and future 

advancements. I am also convinced that I did my duty by extending the existing knowledge I 

have gained to humanity as seen in some of the thought-provoking responses captured through 

my survey. Some participants chose not to answer some questions. As such, the results were 

not intended to be generalized, but mainly qualitative and provide information to others 

involved in similar work and imparting knowledge and information to some of the participants 

themselves.   

      A quantitative approach emphasizes statistics and objectivity, however the subjectivity in 

the open-ended questions was a qualitative approach presenting the sentiments of some 

stakeholders, as they voiced some of their strongest concerns about what is taking place on the 

collaborative network between AI and nanotech platforms impacting health care. Wallace 

(2016) posits that as thinking beings, knowledge is what we are going after, to make our lives 

better as human, moral and spiritual beings, but we must become the shepherds of such 
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knowledge, with a philosophy of peace, love and respect for humanity as we cross and conquer 

barriers and frontiers. 

 6.1.2   Types of Data Collected 

     After conducting the survey on the integration of nanotechnology and AI in healthcare systems, 

a wide range of valuable data was gathered. With respect to demographic data, age and gender 

helped with the understanding of how different groups accepted and perceived the integration. The 

locations indicated regional differences in opinions and acceptance. It was also quite clear that 

educational levels had a powerful narrative on the general sentiment data, trust levels with AI and 

nanotechnology related to health data and medical records, privacy, ethical implications and 

potential risks. Overall, this data helped in understanding public perception, identifying potential 

barriers to acceptance, and provided insights for future developments in integrating AI and 

nanotechnology into healthcare system. A sample of some of the surveys collected from 

participants are compiled in appendices A to K. Appendix L gives a graphic representation of the 

overall sentiment on the current adoption of AI and nanotechnology in health care systems.  

6.2   Recommendations 

6.2.1 Recommendation 1: A Collaboration of Disciplines 

     Disciplines must come together to make AI and nanotechnology easily and seamlessly adopted 

into daily living, becoming masters of the technologies and not these technologies mastering us. 

More prizes, scholarships and incentives need to be given for collaborative team-work which aims 

to better our health care systems. Some disciplines which can be targeted include: 

• Artificial Intelligence and Machine Learning 

• Nanotechnology 

• Biomedical Engineering 
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• Genomics 

• Robotics 

• Environmental Science 

• Data Science and Analytics 

• Neuroscience 

• Public Health 

• Bioinformatics 

Some notable institutions which can shore up speedy dissemination and learning from different  

strategic angles and not only online are: 

❖ Massachusetts Institute of Technology (MIT) - USA 

❖ Stanford University - USA 

❖ Harvard University - USA 

❖ University of Cambridge - UK 

❖ University of Oxford - UK 

❖ California Institute of Technology (Caltech) - USA 

❖ ETH Zurich - Switzerland 

❖ Imperial College London - UK 

❖ National University of Singapore (NUS) - Singapore 

❖ University of Tokyo - Japan 

❖ University of Melbourne - Australia 

❖ Karolinska Institute - Sweden 

❖ EPFL (École Polytechnique Fédérale de Lausanne) - Switzerland 

❖ Indian Institute of Science (IISc) - India 

Some ‘discipline collaboration’ spurred on and guided by some of the above mentioned notable  

institutions can include the following: 

➢ Biomedical Engineering and AI which will explore AI-driven diagnostic tools and smart  

      prosthetics. 

➢ Nanotechnology and Genomics which continue developing and innovating on nanoscale  
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devices for genetic editing and analysis. 

➢ Public Health and Robotics which can create robotic systems to assist in healthcare  

      delivery and care of the elderly. 

➢ Environmental Science and Data Science which can use data analytics for environmental  

monitoring and sustainable development. 

➢ Neuroscience and Bioinformatics for analyzing brain data and understanding  

neurological disorders and developing treatments. 

     Ground breaking research and innovations can be accomplished with more precision, geared 

toward fostering a level playing field which can include third world countries as well. The 

preservation of all humanity must be considered in order to make the world a better, safer and more 

sustainable for its residents and the future generations.  This study recommends that incentivizing 

the world’s populace to take a keener interest in collaborative ventures that embrace AI and 

nanotechnology within the health care ecosystem should be considered. This would open up 

tremendous opportunities for graduates, bring in more researchers and even brightly light up the 

bulbs of those with ideas that have not fallen on the fertile fields of big businesses and corporations. 

The less developed countries of the world which promote freedom, competition and non-stymying 

of the creativity of their population, should not be intimidated and step forward to present their 

brightest minds to compete internationally on the world’s forefront, showing off their health care 

products and services which can result from a powerful collaboration.  This paper then, reaches 

out to the notable listed institutions and their counterparts, to consider extending more investment 

on collaboration of disciplines, which house many researchers, scholars and students, so that there 

could be more harnessing the understanding of AI and nanotechnology for even more cutting-edge 

health care solutions. 
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6.2.2 Recommendation 2: Education of Children and Adolescents 

     A baby begins interesting biological processes even before birth as demonstrated by ultrasound. 

These processes become vibrant as the child matures outside of its biological maternal 

environment. I therefore believe that areas such as practical nursing concepts can be honed into 

educational curricula along with biology, physics and chemistry and related subjects in schools. In 

practical nursing where I earned a qualification in the U.S., I was fascinated by the information on 

health and well-being which applied not only my physiology, but to the current perspectives and 

future outlook of my existence, and I was already about 33 years old. Therefore, in order to give 

the future generation and those now growing up a fighting chance to understand  the beauty and 

greatness of their existence, besides the miraculous aspect of their birth, AI and nanotechnology 

should be made a significant part of the curricula of schools. AI and nanotechnology in synergy 

would not then be a great mystery to so many stakeholders, especially as they age. There seems to 

be fear of making AI and Nanotechnology subjects to be tested on as part of the requirements of 

receiving a high school diploma or its equivalent.  This fear can be faced head on and be conquered 

if AI and nanotech are taught in elementary and high schools. It can be noted that in the U.S., 

schools are generally divided into three main levels and most countries adopt the same categories, 

even though they may be called by other names: 

A. Elementary School 

• Grades: Kindergarten through 5th or 6th grade. 

• Ages:  5 to 11 or 12 years old. 

B.    Middle School (or Junior High) 

• Grades: 6th or 7th through 8th grade. 

• Ages: 11 or 12 to 13 or 14 years old. 

     C.   High School 
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• Grades: 9th through 12th grade. 

• Ages: 14 to 18 years old. 

      Generally, students attend elementary school, then move on to middle school or junior high, 

and eventually to high school. These stages are the best times to instill the current perspectives 

and ideologies about the integration of AI and nanotechnology for the health care systems, 

which can motivate the students to question, design and innovate in a safe, legal and nurturing 

environment. 

 6.2.2.1   Describing AI to children in Kindergarten and Elementary Schools 

      Learning scenarios, both fun and educational can be designed by the teachers.  For instance, 

such can be made up in question-and-answer format, with the following as an example: 

➢ What is AI? Answer-Artificial Intelligence (AI) is like a super-smart computer program  

that can learn and make decisions. It is almost like a robot brain that can assist us in many 

ways. For example, you can consider it as your imaginary robot friend that can converse 

with you and understand what you're saying, and even play games with you. AI learns from 

what you say and do, and eventually it gets better and more comfortable being your friend.  

Playing with voice assistants like Siri or Alexa are examples of AI that can answer 

questions and help you with tasks. 

6.2.2.2 Describing AI for High School Students 

      Children in high schools are on a higher cognitive level compared to children in 

kindergarten. They are already thinking about creation and innovation in an occupational way. 

This can be nurtured expertly by their educators. The following is a learning scenario: 

➢ What is AI? Answer- Artificial Intelligence (AI) refers to computer systems that can 

perform tasks which usually require human intelligence. These tasks can be related to 
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learning, reasoning, problem-solving, ‘natural language understanding processing’ and 

recognizing patterns. For instance, think of AI as the technology behind self-driving cars, 

which can steer, drive and maneuver on roads, while making decisions without human 

inputs at many points. AI is also the smart algorithms behind social media that recommend 

posts and ads based on your interests, while calling you by your first names at times to 

engage your input on platforms. For applications in daily life with respect to health care AI 

can help doctors diagnose diseases by analyzing medical images. With respect to 

educational applications, AI-powered tools can provide personalized learning experiences, 

and for entertainment streaming and services like Disney + or Amazon Prime Video, use 

AI to suggest movies and show you what you might like. 

➢ Why is AI Important? Answer- AI has the potential to transform industries, improve 

efficiency, and create new opportunities. However, it also raises questions about ethics, 

privacy, and the future of work. 

     These learning scenarios can be tailored by educators to facilitate all explanations to the 

children’s level of understanding. The way you would explain AI to a child in kindergarten or 

elementary school, would be different from how such would be explained to a highschooler. 

However, the concept of AI can be made interesting and relatable for both elementary and high 

school students. 

6.2.2.3 Describing Nanotechnology for Elementary School Children 

         Learning scenarios for the explanation of nanotechnology can also be both fun and  

educational.  For instance, such can be made up of the question-and-answer format, with  

following as an example: 

➢ What is Nanotechnology? Answer- Nanotechnology is the science of making and using  
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things that are super, super small—so tiny that they cannot be seen with your eyes. 

Imagine making things out of pieces that are smaller than a single cell in your body. For 

instance, think about a tiny, tiny robot that is able swim through your blood and fix your 

cells if they get hurt. That is what scientists are working on with nanotechnology. A single 

hair on your head is the width of a million nanometers, which is one-billionth of a meter. 

6.2.2.4 Describing Nanotechnology for High School Students 

     High school students are already embarking on subjects like biology, physics and chemistry, 

therefore, this learning scenario presented should be relatable to them: 

➢ What is Nanotechnology? Answer-Nanotechnology involves manipulating matter at the 

atomic and molecular scale, typically below 100 nanometers. It used to create materials, 

devices, and systems with novel and unusual properties and functions because of the small 

sizes of matter being used. For instance, nanotechnology is used to develop materials that 

are stronger, lighter, and more durable, such as in sports equipment or even in medical 

devices that can target specific cells in the body. These interesting properties of the small 

sizes of matter have these fantastic characteristics.  For applications in daily life with 

respect to medicine, targeted drug delivery systems can treat diseases more efficiently with 

less side effects, and with respect to electronics, smaller, faster and more efficient electronic 

devices such as smartphones and computers can be designed. With respect to 

environmental science, materials that can clean up pollutants from water and air can be 

made. 

➢ Why is Nanotechnology Important? Answer- Nanotechnology has the potential to  

revolutionize many industries, from healthcare to electronics, by creating more efficient   
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and effective products and solutions. Understanding it can open up numerous opportunities 

in scientific research and practical applications.  

As with AI it is necessary to tailor explanations about the integration of AI and nanotechnology to 

suit levels of understanding. 

6.3   Reflections and Concluding Remarks 

        Change remains constant as innovations and designs continue to reel in and around the  

earth. When I started this paper, I touched upon Google’s Gemini which was in the designing stage, 

but has now been unleashed and is currently giving Chat GPT stiff competition. This is good news 

because competition will spew better products for the health care industry across the board. This 

research has also stirred up some of my designing and creative buds and I hope it will be noticed 

especially for my input with a chosen research team for making the blind see. Resources are scarce  

for me to undertake such alone, and my current location will not facilitate such at this point in 

time. I will need to be in North America or Europe, especially in a place like Silicon Valley in 

California, U.S.A., where many start-ups are appreciated, and venture capital or research grants 

are more amenable. I am not the only student thinking like this. I am but the voice of many. I would 

also like my research paper to be noticed by corporations such as Microsoft or Google, since I 

possess very great ideas for the enhancement and innovation for the smart phone, from both 

hardware and software perspectives, which I have not seen and I know such will also help the 

health care systems tremendously. Again, my reflections here are the reflections of many. Being 

from the ‘Dick Tracey’ comics era, which depicted the detective Dick Tracey fighting crime with 

his two-way-radio-video wrist watch, such making its debut as early in the 1930’s, and my grasping  

these futuristic, scientific scenarios from the 60s, at about the age of twelve, and on to the ‘Beam 

me up Scotty’ Star Trek era, where holographs were fascinating, and also having witnessed all the 
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other stunning technological eras in my lifetime, I am happy to remain active and appreciative of 

all the advancements and future innovations  continually announcing themselves for the benefit of 

mankind.  

     Finally, I do applaud all the research participants who have allowed me to discover that there 

are many stakeholders of various demographic backgrounds, who have positive sentiments about 

the AI and nanotechnology synergies and are assertive about their impacts for the health care 

systems. Each participant’s response to the questionnaire is an exciting revelation and narrative in  

itself, which showed a willingness to join the technological conversation. It was a joy to witness 

the vibrant enthusiasm of my target audience from online and my community.  There were those 

who were young, old and not so old, and they questioned me about the survey questionnaire and 

wished the best for the merging of the technologies. Some of them expressed the desire to be really 

better off in life, and declared that if these technologies could really help them, they would indeed 

support them in the right manner. 
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APPENDICES 

 

APPENDIX A: Response from Participant 1 

 

Survey on Artificial Intelligence (AI) and Nanotechnology in Health Care, January, 

2025. This survey is being carried out by Grace Worsley, MBA, as part of my Chapter 6, 

DBA (Doctor of Business Administration) in Health Care Administration’s Conclusion for 

my dissertation: ‘Artificial Intelligence (AI) and Nanotechnology: Synergies and Impacts on 

Health Care Systems.’ 

                                            Questionnaire 

What is your age?  

A.    0–15 years old 

B.    16–30 years old 

C.    31–45 years old 

D.    46–60 years old 

E.    60+ years old 

F.     Prefer not to answer 

                                     Response here ____C____ 

Gender identification 

1.Male          2. Female         3. Non-binary      4. Prefer to self-describe        

                                               5. Prefer not to answer 

                                     

                                     Response here____2_____ 

Ethnicity 

Which one of the following best describes you? 

1. American Indian or Alaskan Native 



 
 

129 
 

2. Asian or Pacific Islander 

3. African-American 

4. Caucasian 

5. Caribbean 

6. Hispanic origin 

7. Not of Hispanic origin 

8. Two or more 

9. Other/Unknown 

10. Prefer not to say 

                                           Response here___2___ 

Educational level 

What is the highest degree or school level you have completed? 

1. Less than a high school diploma (<CXC, CSEC) 

2. High school graduate or equivalent (e.g., =GED, CXC, CSEC, etc.) 

3. Some college credit, but no degree 

4. Associate’s Degree 

5. Bachelor’s degree 

6. Master’s degree 

7. PhD or higher 

8. Trade/Technical/Vocational school 

9. Prefer not to say 

                                                  Response here______7______ 

Questions continued 

1. How do you feel about the integration of AI and nanotechnology into healthcare 

systems? (Twenty words or less). Response here:     AI will help make us safer. 

Nanotechnology will enhance our ability to cure certain conditions.    

2. Do you believe AI and nanotechnology can improve healthcare services? Why or 

why not? (Twenty words or less). Response here:       I think they can if done well. 
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3. Do you trust AI systems and nanotechnology to handle your personal health data 

securely?              

• Yes             

• No 

✓ Not Sure 

4. What concerns do you have regarding privacy when it comes to AI and 

nanotechnology in healthcare?  (Twenty words or less). Response here:   Hard to 

lump these together. Not sure why you have. AI has a lot of privacy concerns. Nanotech 

is a bit different.  

 

5. Do you think AI and nanotechnology can accurately diagnose and treat medical        

            conditions? 

• Yes 

• No 

✓ Not Sure 

6. How comfortable are you with AI and nanotechnology making medical decisions on 

your behalf?   (Twenty words or less). Response here:    The tech is not ready yet. 

7. Do you think AI and nanotechnology can help make health care more accessible to 

underserved populations? 

• Yes 

• No 

✓ Not Sure 

8. How do you feel about AI and nanotechnology replacing or supplementing human 

doctors in certain scenarios? (Twenty words or less). Response here:  Yes, this is 
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likely to be the model for a while since medicolegal risk is not something tech companies 

and start-ups will want to share. 

9.  Do you believe AI and nanotechnology can help reduce health care costs? 

• Yes 

• No         

✓ Not Sure 

10. How do you think AI and nanotechnology can improve the efficiency of health care 

services? (Twenty words or less). Response here:    Depends on the system. Unlikely 

in a privatized system. In public system maybe. 

11. What ethical concerns do you have about using AI and nanotechnology in health 

care? (Twenty words or less). Response here:     We don’t have great ways to test these 

technologies as yet. Re: safety. Affordability will be a challenge to widening the tech 

divide. 

12. Do you think there should be strict regulations on how AI and nanotechnology are 

used in health care?  (Twenty words or less). Response here:   Yes. Similar to medical 

devices or drugs. 

13. Have you ever experienced AI or nanotechnology-based health care services?  

✓ Yes   

• No   

• Not Sure                

If yes, what was your experience like?  (Twenty words or less). Response here: It has 

been fairly limited to date – but a lot of algorithms help with optimizing systems in the 

healthcare system and with prediction. 
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      14.What expectations do you have for the future of AI and nanotechnology in health  

            care? (Twenty words or less). Response here:      It will become safer and better. 

15.      Do you have any concerns about the long-term effects of nanotechnology on the     

           human body? (Twenty words or less). Response here:     Hard to say – both are still   

           very early. 

16. How do you feel about the potential for AI and nanotechnology to be used in        

            personalized medicine and targeted treatments? (Twenty words or less). Response  

            here:    High potential – but we need better data governance to achieve this. 

 

For this survey, informed consent and anonymity are the criteria. This survey is used only 

for the purpose mentioned. Thank you tremendously for completing this survey and I wish 

all success with your current and future goals.  
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APPENDIX B: Response from participant 2 

Survey on Artificial Intelligence (AI) and Nanotechnology in Health Care, January 

2025. This survey is being carried out by Grace Worsley, MBA, as part of my Chapter 6, 

DBA (Doctor of Business Administration) in Health Care Administration’s Conclusion for 

my dissertation: ‘Artificial Intelligence (AI) and Nanotechnology: Synergies and Impacts 

on Health Care Systems.’ 

                                             

                                             Questionnaire 

 

What is your age?  

A.    0–15 years old 

B.    16–30 years old 

C.    31–45 years old 

D.    46–60 years old 

E.    60+ years old 

F.     Prefer not to answer 

                         

                                                Response here __C___ 

 

Gender identification 

1.Male                2. Female             3. Non-binary             4. Prefer to self-describe       

                                                 5. Prefer not to answer 
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                                                Response here____1_____ 

Ethnicity 

Which one of the following best describes you? 

1. American Indian or Alaskan Native 

2. Asian or Pacific Islander 

3. African-American 

4. Caucasian 

5. Caribbean 

6. Hispanic origin 

7. Not of Hispanic origin 

8. Two or more 

9. Other/Unknown 

10. Prefer not to say 

                                         

                                                      Response here____8_______ 

 

Educational level 

What is the highest degree or school level you have completed? 

1. Less than a high school diploma (<CXC, CSEC) 

2. High school graduate or equivalent (e.g., =GED, CXC, CSEC, etc.) 

3. Some college credit, but no degree 

4. Associate’s Degree 

5. Bachelor’s degree 

6. Master’s degree 

7. PhD or higher 

8. Trade/Technical/Vocational school 

9. Prefer not to say 
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                                                         Response here_____6_______ 

Questions continued 

1.   How do you feel about the integration of AI and nanotechnology into     

      Healthcare systems? (Twenty words or less). Response here:    The integration of AI and    

      nanotechnology is increasingly used by healthcare institutions today to automate time-       

      consuming, repetitive, high-volume tasks. 

  

2.      Do you believe AI and nanotechnology can improve healthcare services? Why or why   

         not?    (Twenty words or less) Response here:    The technology has enormous potential      

         for healthcare and can significantly improve treatment outcomes and patient experiences. 

      

3.      Do you trust AI systems and nanotechnology to handle your personal health data    

         securely?              

• Yes                                    

• No, one of the biggest threats to AI generation is that the generated content can be seen as 

spam. 

• Not Sure 

.        

4.        What concerns do you have regarding privacy when it comes to AI and  

           nanotechnology in healthcare?  (Twenty words or less). Response here:   When  
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           applying AI in healthcare, patient privacy must be taken into account. 

 

5.       Do you think AI and nanotechnology can accurately diagnose and treat medical   

          conditions? 

• Yes, AI cannot only analyze these massive amounts of medical data but also learn from 

them. This allows patterns and correlations to be detected that go unnoticed by humans. 

This allows for faster and more accurate diagnoses, that's crucial for improving patient 

outcomes.                                  

• No 

• Not Sure 

6. How comfortable are you with AI and nanotechnology making medical decisions on            

            your behalf?   (Twenty words or less). Response here:       Satisfied. It became clear  

            that AI can be implemented in multiple ways, such as disease detection, improving  

            existing technologies, supporting medical decisions, and much more. 

7.  Do you think AI and nanotechnology can help make health care more accessible to               

             underserved populations? 

• Yes, if AI technology is used properly, it can contribute to a better world. Think of 

exoskeletons that make people with disabilities more mobile. 

• No 

• Not Sure 

8. How do you feel about AI and nanotechnology replacing or supplementing human  
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             doctors in certain scenarios? (Twenty words or less). Response here:   AI has the     

             potential to transform many aspects of medicine, including diagnosis, treatment, and     

             drug development. 

9. Do you believe AI and nanotechnology can help reduce health care costs? 

• Yes, Developing and implementing AI in healthcare requires significant investments, 

both in technology and in adapting healthcare processes. However, previous research 

shows that there is a positive business case for AI in healthcare, with the potential to 

reduce costs and increase efficiency. 

• No 

• Not Sure 

10. How do you think AI and nanotechnology can improve the efficiency of health care  

             services? (Twenty words or less). Response here:  AI could significantly reduce  

             inefficiencies in healthcare, improve patient flow and experience, and enhance provider      

             experience and patient safety throughout the care pathway. 

 

   11.  What ethical concerns do you have about using AI and nanotechnology in health   

             care? (Twenty words or less). Response here:  However, as AI becomes more  

             integrated into healthcare systems, a critical set of ethical implications emerge. These  

             implications touch on privacy, data security, accountability, transparency, fairness, and  

             the preservation of human autonomy. 

   

12.       Do you think there should be strict regulations on how AI and nanotechnology are     
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            used in health care?  (Twenty words or less). Response here:  Under the AI Act, the   

            use of AI for medical purposes or the processing of medical data is designated as a high-         

            risk area. This means that the use of AI in healthcare must meet very strict  

            conditions.        

13. Have you ever experienced AI or nanotechnology-based health care services?  

• Yes   

• No, I have not experienced AI 

• Not Sure                

• If yes, what was your experience like?  (Twenty words or less)  

14.  What expectations do you have for the future of AI and nanotechnology in health care?  

(Twenty words or less) Response here:   Most AI applications in long-term care are still 'young  

and immature'. They leave room for improvement and care in organizations.   

15. Do you have any concerns about the long-term effects of nanotechnology on the  

human body? (Twenty words or less) Response here:   Yes, because the effects of inhaled 

nanoparticles in the body can include pneumonia and heart problems. 

16. How do you feel about the potential for AI and nanotechnology to be used in  

personalized medicine and targeted treatments? (Twenty words or less). Response here:  AI 

applications can trigger a trend shift from a reactive to a proactive healthcare system (prevention). 

They can lead to faster and better diagnoses, support for clinical decisions, and optimized 

treatments for the individual patient. 

For this survey, informed consent and anonymity are the criteria. This survey is used only 

for the purpose mentioned. Thank you tremendously for completing this survey and I wish 

all success with your current and future goals.  
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APPENDIX C: Response from participant 3 

Survey on Artificial Intelligence (AI) and Nanotechnology in Health Care, January, 

2025. This survey is being carried out by Grace Worsley, MBA, as part of my Chapter 6, 

DBA (Doctor of Business Administration) in Health Care Administration’s Conclusion for 

my dissertation: ‘Artificial Intelligence (AI) and Nanotechnology: Synergies and Impacts 

on Health Care Systems 

 

                                                 Questionnaire 

What is your age? 

A.    0–15 years old 

B.    16–30 years old 

C.    31–45 years old 

D.    46–60 years old 

E.    60+ years old 

F.     Prefer not to answer 

 

                                                    Response here ___46___ 

 

Gender identification 

Male 2. Female 3. Non-binary 4. Prefer to self-describe 

         5. Prefer not to answer 

                                                 Response here   ____Male___ 
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Ethnicity 

Which one of the following best describes you? 

1. American Indian or Alaskan Native 

2. Asian or Pacific Islander 

3. African-American 

4. Caucasian 

5. Caribbean 

6. Hispanic origin 

7. Not of Hispanic origin 

8. Two or more 

9. Other/Unknown 

10. Prefer not to say 

                                         

                                     Response here ______African-American________ 

Educational level 

What is the highest degree or school level you have completed? 

10. Less than a high school diploma (<CXC, CSEC) 

11. High school graduate or equivalent (e.g., =GED, CXC, CSEC, etc.) 

12. Some college credit, but no degree 

13. Associate’s Degree 

14. Bachelor’s degree 

15. Master’s degree 

16. PhD or higher 

17. Trade/Technical/Vocational school 

18. Prefer not to say 

Response here ___________Master’s Degree______ 

Questions continued 
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1. How do you feel about the integration of AI and nanotechnology into healthcare 

systems? (Twenty words or less) Response here:    Evolution for the new generation. 

2. Do you believe AI and nanotechnology can improve healthcare services? Why or why 

not? (Twenty words or less) Response here:        Yes, with faster results/answers 

 

3. Do you trust AI systems and nanotechnology to handle your personal health data 

   securely? 

✓ Yes. Somewhat. 

• No 

• Not Sure 

 4. What concerns do you have regarding privacy when it comes to AI and    

      nanotechnology in healthcare? (Twenty words or less). Response here:    A lot of           

      privacy concerns, since lack of knowledge and time constraints are often discouraging.  

      Crimes are also discouraging. 

  5. Do you think AI and nanotechnology can accurately diagnose and treat medical    

      conditions? 

  . Yes.   More or less 

How comfortable are you with AI and nanotechnology making medical decisions on  

       your behalf? (Twenty words or less). Response here:   More or less. 
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7.  Do you think AI and nanotechnology can help make health care more accessible to 

        underserved populations? 

✓ Yes 

• No 

• Not Sure 

8.  How do you feel about AI and nanotechnology replacing or supplementing human      

     doctors in certain scenarios? (Twenty words or less). No response given here. 

9. Do you believe AI and nanotechnology can help reduce health care costs? 

✓ Yes 

• No 

• Not Sure 

10.  How do you think AI and nanotechnology can improve the efficiency of health care   

services? (Twenty words or less). Response here: AI can help with making things  

faster and more accurate. 

11. What ethical concerns do you have about using AI and nanotechnology in health care? 

(Twenty words or less) Response here: A lot of concerns since 

human beings always seek to take advantage. 

12. Do you think there should be strict regulations on how AI and nanotechnology are used      

in health care? (Twenty words or less). Response here:  Maybe. 
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13.   Have you ever experienced AI or nanotechnology-based health care services? 

• Yes 

✓ No 

• Not Sure 

      If yes, what was your experience like? (Twenty words or less) ___No_______ 

14. What expectations do you have for the future of AI and nanotechnology in health care? 

(Twenty words or less) Response here:   Some will be dependent. Some will get more 

intelligent and practical. 

 15. Do you have any concerns about the long-term effects of nanotechnology on the    

        human body? (Twenty words or less) Response here:   No 

 16. How do you feel about the potential for AI and nanotechnology to be used in   

       personalized medicine and targeted treatments? (Twenty words or less). Response  

       here:    I believe the use of the technologies is the best way to improve Healthcare. AI is  

              the way to go. 

 

For this survey, informed consent and anonymity are the criteria. This survey is used only 

for the purpose mentioned. Thank you tremendously for completing this survey and I wish 

all success with your current and future goals.  
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APPENDIX D: Response from participant 4 

 

Survey on Artificial Intelligence (AI) and Nanotechnology in Health Care, January, 

2025. This survey is being carried out by Grace Worsley, MBA, as part of my Chapter 6, 

DBA (Doctor of Business Administration) in Health Care Administration’s Conclusion for 

my dissertation: ‘Artificial Intelligence (AI) and Nanotechnology: Synergies and Impacts on 

Health Care Systems.’ 

 

                                                         Questionnaire 

What is your age? 

 

A. 0–15 years old 

B. 16–30 years old 

C. 31–45 years old 

D. 46–60 years old 

E. 60+ years old 

F. Prefer not to answer 

                                                 

                                                     Response here __E______ 

 

 

Gender identification 

1. Male 2. Female 3. Non-binary 4. Prefer to self-describe 

                              5. Prefer not to answer 

                                        Response here __Male_______ 
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Ethnicity 

Which one of the following best describes you? 

1. American Indian or Alaskan Native 

2. Asian or Pacific Islander 

3. African-American 

4. Caucasian 

5. Caribbean 

6. Hispanic origin 

7. Not of Hispanic origin 

8. Two or more 

9. Other/Unknown 

10. Prefer not to say 

                                             Response here ______Caribbean_________ 

 

Educational level 

What is the highest degree or school level you have completed? 

1. Less than a high school diploma ( <CXC, CSEC) 

2. High school graduate or equivalent (e.g., =GED, CXC, CSEC, etc.) 

3. Some college credit, but no degree 

4. Associate’s Degree 

5. Bachelor’s degree 

6. Master’s degree 

7. PhD or higher 

8. Trade/Technical/Vocational school 

9. Prefer not to say 

                                              Response here __Prefer not to say__________ 
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Questions continued 

1. How do you feel about the integration of AI and nanotechnology into healthcare 

systems?  (Twenty words or less) Response here:     This integration is necessary for 

the future of healthcare once it is available for ordinary folk worldwide. 

2. Do you believe AI and nanotechnology can improve healthcare services? Why or 

why not? (Twenty words or less) Response here:     I believe their union can bring 

forth innovations of unlimited potential and create opportunities for accuracy and speed 

in healing. 

3. Do you trust AI systems and nanotechnology to handle your personal health data 

securely? 

• Yes 

✓ No 

• Not Sure 

4. What concerns do you have regarding privacy when it comes to AI and 

nanotechnology in healthcare? (Twenty words or less) Response here: Privacy may 

not be possible or necessary in the long run. 
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5. Do you think AI and nanotechnology can accurately diagnose and treat medical 

conditions? 

• Yes 

• No 

✓ Not Sure 

6. How comfortable are you with AI and nanotechnology making medical decisions 

on your behalf? (Twenty words or less.) Response here:    I am not 100% comfortable 

as yet, I think the technologies need to be further tested and proven successful. 

7. Do you think AI and nanotechnology can help make health care more accessible 

to underserved populations? 

• Yes 

• No 

✓ Not Sure 

8. How do you feel about AI and nanotechnology replacing or supplementing human 

doctors in certain scenarios? (Twenty words or less). Response here:     I feel these 

technologies should never be allowed to be in control of human doctors, supplement or 

replace their authority. 
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9.  Do you believe AI and nanotechnology can help reduce health care costs? 

 

✓ Yes, eventually 

• No 

• Not Sure 

 

10. How do you think AI and nanotechnology can improve the efficiency of health 

care services? (Twenty words or less) Response here:   I think we can start by limiting 

their functions and tasks to executing the basic menial and everyday jobs. 

11. What ethical concerns do you have about using AI and nanotechnology in health 

care? (Twenty words or less). Response here:    I am concerned that the technologies 

do not become too disconnected from their human handlers and allowed to assume 

leadership. 

12. Do you think there should be strict regulations on how AI and nanotechnology 

are used in health care? (Twenty words or less) Response here…There should be 

strong humane, ethically determined and high moral procedures installed in the 

regulations of AI and nanotechnology’s use. 

13. Have you ever experienced AI or nanotechnology-based health care services? 

• Yes 

✓ No 

• Not Sure 
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 If yes, what was your experience like? (Twenty words or less)  

14. What expectations do you have for the future of AI and nanotechnology in health 

care? (Twenty words or less). Response here:      If not properly managed, regulated 

and communicated in these early stages humans can become slaves to this potential 

“robot” technology. 

15. Do you have any concerns about the long-term effects of nanotechnology on the 

human body? (Twenty words or less). Response here:     I am concerned that we don’t 

become cyborgs with increasing dependency on AI and nanotechnology for our well-

being. 

16. How do you feel about the potential for AI and nanotechnology to be used in 

personalized medicine and targeted treatments? (Twenty words or less). Response 

here:      There is always great potential for targeted medical use once it is within the 

extreme parameters of special personal emergencies. 

For this survey, informed consent and anonymity are the criteria. This survey is used only 

for the purpose mentioned. Thank you tremendously for completing this survey and I wish 

all success with your current and future goals.  
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APPENDIX E: Response from participant 5 

This survey is about Artificial Intelligence (AI) and Nanotechnology in Health Care- 

January, 2025.  This survey is being carried out by Grace Worsley, MBA, as part of my 

Chapter 6, DBA (Doctor of Business Administration) in Health Care Administration’s 

Conclusion for my dissertation: ‘Artificial Intelligence (AI) and Nanotechnology: Synergies 

and Impacts on Health Care Systems.’ 

 

Questionnaire 

What is your age? 

A. 0–15 years old 

B. 16–30 years old 

C. 31–45 years old 

D. 46–60 years old 

E. 60+ years old 

F. Prefer not to answer                           

                                                               Response here ___D_____ 

 

 

Gender identification 

 

1. Male    2. Female   3. Non-binary   4. Prefer to self-describe 

                               5. Prefer not to answer  

                                               Response here____2_____ 

Ethnicity 

Which one of the following best describes you? 

1. American Indian or Alaskan Native 

2. Asian or Pacific Islander 

3. African-American 

4. Caucasian 

5. Caribbean 

6. Hispanic origin 

7. Not of Hispanic origin 

8. Two or more 

9. Other/Unknown 

10. Prefer not to say                               

 

                                                                    Response here____5_______ 
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Educational level 

 

What is the highest degree or school level you have completed? 

1. Less than a high school diploma (<CXC, CSEC) 

2. High school graduate or equivalent (e.g., =GED, CXC, CSEC, etc.) 

3. Some college credit, but no degree 

4. Associate’s Degree 

5. Bachelor’s degree 

6. Master’s degree 

7. PhD or higher 

8. Trade/Technical/Vocational school 

9. Prefer not to say 

 

                                                                            Response here____6____` 

Questions continued 

1. How do you feel about the integration of AI and nanotechnology into healthcare systems? 

(Twenty words or less). Response here:    I never used AI. 

 

2. Do you believe AI and nanotechnology can improve healthcare services? Why or why 

not? (Twenty words or less) Response here:     Yes. I believe with the advancement of 

technology AI can improve healthcare services by giving speedy diagnostic results. 

3. Do you trust AI systems and nanotechnology to handle your personal health data 

securely? 

✓ Yes 

• No 

• Not Sure 

 

4. What concerns do you have regarding privacy when it comes to AI and nanotechnology 
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in healthcare? (Twenty words or less) Response here:     Not sure how it 

works. 

5. Do you think AI and nanotechnology can accurately diagnose and treat medical 

conditions? 

• Yes 

• No 

✓ Not Sure 

6. How comfortable are you with AI and nanotechnology making medical decisions on your 

behalf? (Twenty words or less). Response here:    I never had this experience. 

7. Do you think AI and nanotechnology can help make health care more accessible to 

underserved populations? 

• Yes 

• No 

✓ Not Sure 

8. How do you feel about AI and nanotechnology replacing or supplementing human 

doctors in certain scenarios? (Twenty words or less). Response here:     Well in some scenarios 

it can help but I believe nothing can replace the intimate touch of human doctors. 

9. Do you believe AI and nanotechnology can help reduce health care costs? 

• Yes 

• No 

✓      Not Sure 
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10.  How do you think AI and nanotechnology can improve the efficiency of health care 

services? (Twenty words or less). Response here:    It can help in speeding up the results of 

patients’ medical testing. 

11. What ethical concerns do you have about using AI and nanotechnology in health care? 

(Twenty words or less). Response here:    I never had AI in my healthcare. 

12. Do you think there should be strict regulations on how AI and nanotechnology are used 

in health care? (Twenty words or less):    Not sure. 

13. Have you ever experienced AI or nanotechnology-based health care services? 

• Yes 

• No 

✓ Not Sure 

 If yes, what was your experience like? (Twenty words or less): Not applicable. 

 

14.  What expectations do you have for the future of AI and nanotechnology in health care? 

(Twenty words or less). Response here:   None. I will have to go with the trend. 

 

15.. Do you have any concerns about the long-term effects of nanotechnology on the human 

body? (Twenty words or less). Response here __No___ 

16. How do you feel about the potential for AI and nanotechnology to be used in personalized 

medicine and targeted treatments? (Twenty words or less). Response here:   I prefer humans 

to make and administer my medication. 

For this survey, informed consent and anonymity are the criteria. This survey is used only 

for the purpose mentioned. Thank you tremendously for completing this survey and I wish 

all success with your current and future goals.  
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APPENDIX F: Response from participant 6 

 

Survey on Artificial Intelligence (AI) and Nanotechnology in Health Care, January, 

2025. This survey is being carried out by Grace Worsley, MBA, as part of my Chapter 6, 

DBA (Doctor of Business Administration) in Health Care Administration’s Conclusion for 

my dissertation: ‘Artificial Intelligence (AI) and Nanotechnology: Synergies and Impacts on 

Health Care Systems.’ 

 

                                                 Questionnaire 

What is your age? 

A. 0–15 years old 

B. 16–30 years old 

C. 31–45 years old 

D. 46–60 years old 

E. 60+ years old 

F. Prefer not to answer 

                                                         

                                                      Response here ____E____ 

 

Gender identification 

1. Male         2. Female          3. Non-binary        4. Prefer to self-describe    

                                           5. Prefer not to answer 

                                                     

                                                         Response here___1______ 
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Ethnicity 

Which one of the following best describes you? 

1. American Indian or Alaskan Native 

2. Asian or Pacific Islander 

3. African-American 

4. Caucasian 

5. Caribbean 

6. Hispanic origin 

7. Not of Hispanic origin 

8. Two or more 

9. Other/Unknown 

10. Prefer not to say 

                                                       

                                                            Response here____5_______ 

 

Educational level 

What is the highest degree or school level you have completed? 

1. Less than a high school diploma (< CXC, CSEC) 

2. High school graduate or equivalent (e.g., =GED, CXC, CSEC, etc.) 

3. Some college credit, but no degree 

4. Associate’s Degree 

5. Bachelor’s degree 

6. Master’s degree 

7. PhD or higher 

8. Trade/Technical/Vocational school 

9. Prefer not to say 

                                                  

 

                                        Response here____7______ 
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Questions continued 

1. How do you feel about the integration of AI and nanotechnology into healthcare 

systems? (Twenty words or less). Response here:      Already here. Some of it is good. 

2. Do you believe AI and nanotechnology can improve healthcare services? Why or why 

not? (Twenty words or less) Response here:    Has to be carefully managed. Very 

carefully. 

      3.  Do you trust AI systems and nanotechnology to handle your personal health data     

        securely? 

• Yes 

✓   No             

• Not Sure 

4. What concerns do you have regarding privacy when it comes to AI and nanotechnology 

in healthcare? (Twenty words or less) Response here:       Privacy and security. 

5.    Do you think AI and nanotechnology can accurately diagnose and treat medical 

conditions? 

• Yes 

✓ No 

• Not sure 

              6. How comfortable are you with AI and nanotechnology making medical decisions       

         on your behalf? (Twenty words or less). Response here:    Not comfortable yet. 
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7. Do you think AI and nanotechnology can help make health care more accessible to 

       underserved populations? 

✓ Yes 

• No 

• Not sure 

8. How do you feel about AI and nanotechnology replacing or supplementing human 

doctors in certain scenarios? (Twenty words or less).   Response here:         Not yet. Early  

days. 

9. Do you believe AI and nanotechnology can help reduce health care costs? 

• Yes 

• No 

✓ Not sure 

10. How do you think AI and nanotechnology can improve the efficiency of health care 

services? (Twenty words or less). Response here:  More research needed. 

11. What ethical concerns do you have about using AI and nanotechnology in health 

care? (Twenty words or less).    Mankind not mature enough to venture down that road. 

12. Do you think there should be strict regulations on how AI and nanotechnology are 

used in health care? (Twenty words or less).      Very strict regulations are required. 
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13.Have you ever experienced AI or nanotechnology-based health care services? 

• Yes 

• No 

✓ Not sure 

If yes, what was your experience like? (Twenty words or less).  

14. What expectations do you have for the future of AI and nanotechnology in health   

         care? (Twenty words or less). Response here.   All questions asked in the survey will be  

          answered in time. 

15. Do you have any concerns about the long-term effects of nanotechnology on the human 

body? (Twenty words or less). Response here:  Half human/half robots. 

16. How do you feel about the potential for AI and nanotechnology to be used in        

     personalized medicine and targeted treatments? (Twenty words or less). Response here: 

     This will not happen in my life time, especially in the third world.  

 

 

For this survey, informed consent and anonymity are the criteria. This survey is used only 

for the purpose mentioned. Thank you tremendously for completing this survey and I wish 

all success with your current and future goals.  
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APPENDIX G: Response from participant 7 

Survey on Artificial Intelligence (AI) and Nanotechnology in Health Care, January, 

2025. This survey is being carried out by Grace Worsley, MBA, as part of my Chapter 6, 

DBA (Doctor of Business Administration) in Health Care Administration’s Conclusion for 

my dissertation: ‘Artificial Intelligence (AI) and Nanotechnology: Synergies and Impacts on 

Health Care Systems.’ 

 

                                                 Questionnaire 

What is your age? 

A. 0–15 years old 

B. 16–30 years old 

C. 31–45 years old 

D. 46–60 years old 

E. 60+ years old 

F. Prefer not to answer 

                                                         

                                                      Response here ____C____ 

 

Gender identification 

1. Male         2. Female          3. Non-binary        4. Prefer to self-describe    

                                           5. Prefer not to answer 

                                                     

                                                         Response here___2______ 
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Ethnicity 

Which one of the following best describes you? 

1. American Indian or Alaskan Native 

2. Asian or Pacific Islander 

3. African-American 

4. Caucasian 

5. Caribbean 

6. Hispanic origin 

7. Not of Hispanic origin 

8. Two or more 

9. Other/Unknown 

10. Prefer not to say 

                                                       

                                                            Response here____5_______ 

 

Educational level 

What is the highest degree or school level you have completed? 

1. Less than a high school diploma (< CXC, CSEC) 

2. High school graduate or equivalent (e.g., =GED, CXC, CSEC, etc.) 

3. Some college credit, but no degree 

4. Associate’s Degree 

5. Bachelor’s degree 

6. Master’s degree 

7. PhD or higher 

8. Trade/Technical/Vocational school 

9. Prefer not to say 

                                                  

 

                                        Response here____1______ 



 
 

161 
 

Questions continued 

1. How do you feel about the integration of AI and nanotechnology into healthcare 

systems? (Twenty words or less). Response here:      Good Incentive. 

2. Do you believe AI and nanotechnology can improve healthcare services? Why or why 

not? (Twenty words or less) Response here:    With the inclusion of such services, the 

health care systems can be further enhanced. 

      3.  Do you trust AI systems and nanotechnology to handle your personal health data     

        securely? 

• Yes 

• No 

✓ Not Sure 

4. What concerns do you have regarding privacy when it comes to AI and nanotechnology 

in healthcare? (Twenty words or less) Response here:       Privacy is important because it 

secures confidentiality and patients’ rights. 

5.    Do you think AI and nanotechnology can accurately diagnose and treat medical 

conditions? 

✓ Yes 

• No 

• Not sure 

     6. How comfortable are you with AI and nanotechnology making medical decisions       

         on your behalf? (Twenty words or less). Response here:    Not totally but it can be  
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attempted. 

  

7. Do you think AI and nanotechnology can help make health care more accessible to 

       underserved populations? 

✓ Yes 

• No 

• Not sure 

8. How do you feel about AI and nanotechnology replacing or supplementing human 

doctors in certain scenarios? (Twenty words or less).   Response here:   Depending on the  

end results. 

9. Do you believe AI and nanotechnology can help reduce health care costs? 

• Yes 

• No 

✓ Not sure 

10. How do you think AI and nanotechnology can improve the efficiency of health care 

services? (Twenty words or less). Response here:  Through research and effective results 

from same. 
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11. What ethical concerns do you have about using AI and nanotechnology in health 

care? (Twenty words or less). Response here:  Patients’ rights, e.g. the use of blood and 

use of various medical strategies. 

12. Do you think there should be strict regulations on how AI and nanotechnology are 

used in health care? (Twenty words or less).      Yes. The end results may not always be 

positive ones. 

 

 

13.Have you ever experienced AI or nanotechnology-based health care services? 

• Yes 

✓ No 

• Not sure 

If yes, what was your experience like? (Twenty words or less).  

14. What expectations do you have for the future of AI and nanotechnology in health   

         care? (Twenty words or less). Response here.    Further research and implementation  

with patient rights included. 

15. Do you have any concerns about the long-term effects of nanotechnology on the human 

body? (Twenty words or less). Response here:  Yes, hence patients right to choose is very 

important. 
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16. How do you feel about the potential for AI and nanotechnology to be used in        

     personalized medicine and targeted treatments? (Twenty words or less). Response here: 

      To enhance better results in implementation. 

 

 

For this survey, informed consent and anonymity are the criteria. This survey is used only 

for the purpose mentioned. Thank you tremendously for completing this survey and I wish 

all success with your current and future goals.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

165 
 

 

APPENDIX H: Response from participant 8 

Survey on Artificial Intelligence (AI) and Nanotechnology in Health Care, January, 

2025. This survey is being carried out by Grace Worsley, MBA, as part of my Chapter 6, 

DBA (Doctor of Business Administration) in Health Care Administration’s Conclusion for 

my dissertation: ‘Artificial Intelligence (AI) and Nanotechnology: Synergies and Impacts on 

Health Care Systems.’ 

 

                                                 Questionnaire 

What is your age? 

A. 0–15 years old 

B. 16–30 years old 

C. 31–45 years old 

D. 46–60 years old 

E. 60+ years old 

F. Prefer not to answer 

                                                         

                                                      Response here ____F____ 

 

Gender identification 

1. Male         2. Female          3. Non-binary        4. Prefer to self-describe    

                                           5. Prefer not to answer 
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                                                         Response here___2______ 

 

Ethnicity 

Which one of the following best describes you? 

1. American Indian or Alaskan Native 

2. Asian or Pacific Islander 

3. African-American 

4. Caucasian 

5. Caribbean 

6. Hispanic origin 

7. Not of Hispanic origin 

8. Two or more 

9. Other/Unknown 

10. Prefer not to say 

                                                       

                                                            Response here____10_______ 

 

Educational level 

What is the highest degree or school level you have completed? 

1. Less than a high school diploma (< CXC, CSEC) 

2. High school graduate or equivalent (e.g., =GED, CXC, CSEC, etc.) 

3. Some college credit, but no degree 

4. Associate’s Degree 

5. Bachelor’s degree 

6. Master’s degree 

7. PhD or higher 

8. Trade/Technical/Vocational school 

9. Prefer not to say 
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                                        Response here____3______ 

Questions continued 

1. How do you feel about the integration of AI and nanotechnology into healthcare 

systems? (Twenty words or less). Response here:      Good for us. 

2. Do you believe AI and nanotechnology can improve healthcare services? Why or why 

not? (Twenty words or less) Response here:     AI and nanotechnology can improve both 

time and things. 

      3.  Do you trust AI systems and nanotechnology to handle your personal health data     

        securely? 

✓ Yes 

• No             

• Not Sure 

4. What concerns do you have regarding privacy when it comes to AI and nanotechnology 

in healthcare? (Twenty words or less) Response here:       Privacy is important because it 

secures confidentiality and patients’ rights. 

5.    Do you think AI and nanotechnology can accurately diagnose and treat medical 

conditions? 

✓ Yes 

• No 
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• Not sure 

     6. How comfortable are you with AI and nanotechnology making medical decisions       

         on your behalf? (Twenty words or less). Response here:   Comfortable.   

7. Do you think AI and nanotechnology can help make health care more accessible to 

       underserved populations? 

✓ Yes 

• No 

• Not sure 

8. How do you feel about AI and nanotechnology replacing or supplementing human 

doctors in certain scenarios? (Twenty words or less).   Response here:   Very  

comfortable. We can get better services if there is competition. 

9. Do you believe AI and nanotechnology can help reduce health care costs? 

✓ Yes 

• No 

• Not sure 

10. How do you think AI and nanotechnology can improve the efficiency of health care 

services? (Twenty words or less). Response here:  Comfortable enough. 

11. What ethical concerns do you have about using AI and nanotechnology in health 

care? (Twenty words or less). Response here:   
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12. Do you think there should be strict regulations on how AI and nanotechnology are 

used in health care? (Twenty words or less).      Yes.  

13.Have you ever experienced AI or nanotechnology-based health care services? 

• Yes 

✓ No 

• Not sure 

If yes, what was your experience like? (Twenty words or less).  

14. What expectations do you have for the future of AI and nanotechnology in health   

         care? (Twenty words or less). Response here.    Very comfortable. Very happy. Glad it’s  

here at last. 

15. Do you have any concerns about the long-term effects of nanotechnology on the human 

body? (Twenty words or less). Response here:  Not sure. 

16. How do you feel about the potential for AI and nanotechnology to be used in        

     personalized medicine and targeted treatments? (Twenty words or less). Response here: 

      Not sure as yet. 

 

For this survey, informed consent and anonymity are the criteria. This survey is used only 

for the purpose mentioned. Thank you tremendously for completing this survey and I wish 

all success with your current and future goals.  

 

 



 
 

170 
 

APPENDIX I: Response from participant 9 

Survey on Artificial Intelligence (AI) and Nanotechnology in Health Care, January, 

2025. This survey is being carried out by Grace Worsley, MBA, as part of my Chapter 6, 

DBA (Doctor of Business Administration) in Health Care Administration’s Conclusion for 

my dissertation: ‘Artificial Intelligence (AI) and Nanotechnology: Synergies and Impacts on 

Health Care Systems.’ 

 

                                                 Questionnaire 

What is your age? 

A. 0–15 years old 

B. 16–30 years old 

C. 31–45 years old 

D. 46–60 years old 

E. 60+ years old 

F. Prefer not to answer 

                                                         

                                                      Response here ____C____ 

Gender identification 

1. Male         2. Female          3. Non-binary        4. Prefer to self-describe    

                                           5. Prefer not to answer 

                                                     

                                                         Response here___2______ 
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Ethnicity 

Which one of the following best describes you? 

1. American Indian or Alaskan Native 

2. Asian or Pacific Islander 

3. African-American 

4. Caucasian 

5. Caribbean 

6. Hispanic origin 

7. Not of Hispanic origin 

8. Two or more 

9. Other/Unknown 

10. Prefer not to say 

                                                       

                                                            Response here____5_______ 

Educational level 

What is the highest degree or school level you have completed? 

1. Less than a high school diploma (< CXC, CSEC) 

2. High school graduate or equivalent (e.g., =GED, CXC, CSEC, etc.) 

3. Some college credit, but no degree 

4. Associate’s Degree 

5. Bachelor’s degree 

6. Master’s degree 

7. PhD or higher 

8. Trade/Technical/Vocational school 

9. Prefer not to say 

                                                  

 

                                        Response here____2______ 

 

Questions continued 
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1. How do you feel about the integration of AI and nanotechnology into healthcare 

systems? (Twenty words or less). Response here:      Good for us. 

2. Do you believe AI and nanotechnology can improve healthcare services? Why or why 

not? (Twenty words or less) Response here:     Once it’s not too invasive I don’t have a 

problem. 

      3.  Do you trust AI systems and nanotechnology to handle your personal health data     

        securely? 

• No 

• No             

✓ Not Sure 

4. What concerns do you have regarding privacy when it comes to AI and nanotechnology 

in healthcare? (Twenty words or less) Response here:       Anything that goes out into the 

world technology can never be deleted. 

5.    Do you think AI and nanotechnology can accurately diagnose and treat medical 

conditions? 

• Yes 

• No 

✓ Not sure 

     6. How comfortable are you with AI and nanotechnology making medical decisions       

         on your behalf? (Twenty words or less). Response here:   Not comfortable at all.  
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7. Do you think AI and nanotechnology can help make health care more accessible to 

       underserved populations? 

✓ Yes 

• No 

• Not sure 

8. How do you feel about AI and nanotechnology replacing or supplementing human 

doctors in certain scenarios? (Twenty words or less).   Response here:   We will always  

need humans in every sector of life. 

9. Do you believe AI and nanotechnology can help reduce health care costs? 

• Yes 

• No 

✓ Not sure 

10. How do you think AI and nanotechnology can improve the efficiency of health care 

services? (Twenty words or less). Response here:  They can help deal with crowd and see 

about more patients faster. 

11. What ethical concerns do you have about using AI and nanotechnology in health 

care? (Twenty words or less). Response here:  The doctors will always know how to 

address humans sympathetically but AI may be too harsh. 
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12. Do you think there should be strict regulations on how AI and nanotechnology are 

used in health care? (Twenty words or less).      Yes. They should only be allowed to work 

alongside humans not independently. 

13.Have you ever experienced AI or nanotechnology-based health care services? 

• Yes 

✓ No 

• Not sure 

If yes, what was your experience like? (Twenty words or less).  

14. What expectations do you have for the future of AI and nanotechnology in health   

         care? (Twenty words or less). Response here.    Quicker problem solving and diagnosis. 

15. Do you have any concerns about the long-term effects of nanotechnology on the human 

body? (Twenty words or less). Response here:  Yes, since we are never too sure about the 

effects medicine can have on the body. 

16. How do you feel about the potential for AI and nanotechnology to be used in        

     personalized medicine and targeted treatments? (Twenty words or less). Response here: 

      Positive. We need all the help we can get. 

For this survey, informed consent and anonymity are the criteria. This survey is used only 

for the purpose mentioned. Thank you tremendously for completing this survey and I wish 

all success with your current and future goals.  
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APPENDIX J: Response from participant 10 

Survey on Artificial Intelligence (AI) and Nanotechnology in Health Care, January, 

2025. This survey is being carried out by Grace Worsley, MBA, as part of my Chapter 6, 

DBA (Doctor of Business Administration) in Health Care Administration’s Conclusion for 

my dissertation: ‘Artificial Intelligence (AI) and Nanotechnology: Synergies and Impacts on 

Health Care Systems.’ 

 

                                                 Questionnaire 

What is your age? 

A. 0–15 years old 

B. 16–30 years old 

C. 31–45 years old 

D. 46–60 years old 

E. 60+ years old 

F. Prefer not to answer 

                                                         

                                                      Response here ____E____ 

 

Gender identification 

1. Male         2. Female          3. Non-binary        4. Prefer to self-describe    

                                           5. Prefer not to answer 

                                                     

                                                         Response here___2______ 
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Ethnicity 

Which one of the following best describes you? 

1. American Indian or Alaskan Native 

2. Asian or Pacific Islander 

3. African-American 

4. Caucasian 

5. Caribbean 

6. Hispanic origin 

7. Not of Hispanic origin 

8. Two or more 

9. Other/Unknown 

10. Prefer not to say 

                                                       

                                                            Response here____5_______ 

 

Educational level 

What is the highest degree or school level you have completed? 

1. Less than a high school diploma (< CXC, CSEC) 

2. High school graduate or equivalent (e.g., =GED, CXC, CSEC, etc.) 

3. Some college credit, but no degree 

4. Associate’s Degree 

5. Bachelor’s degree 

6. Master’s degree 

7. PhD or higher 

8. Trade/Technical/Vocational school 

9. Prefer not to say 

                                                  

 

                                        Response here____2______ 
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Questions continued 

1. How do you feel about the integration of AI and nanotechnology into healthcare 

systems? (Twenty words or less). Response here:     If such will be effective for increasing 

knowledge, this is good. 

2. Do you believe AI and nanotechnology can improve healthcare services? Why or why 

not? (Twenty words or less) Response here:     AI and nanotechnology can improve both 

time and things. 

      3.  Do you trust AI systems and nanotechnology to handle your personal health data     

        securely? 

• Yes 

• No 

✓ Not Sure  

4. What concerns do you have regarding privacy when it comes to AI and nanotechnology 

in healthcare? (Twenty words or less) Response here:       Can’t trust man’s inquisitiveness. 

5.    Do you think AI and nanotechnology can accurately diagnose and treat medical 

conditions? 

• Yes 

• No 

✓ Not sure 

     6. How comfortable are you with AI and nanotechnology making medical decisions       
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         on your behalf? (Twenty words or less). Response here:   This I’m sure about also. 

7. Do you think AI and nanotechnology can help make health care more accessible to 

       underserved populations? 

✓ Yes 

• No 

• Not sure 

8. How do you feel about AI and nanotechnology replacing or supplementing human 

doctors in certain scenarios? (Twenty words or less).   Response here:  No response. 

9. Do you believe AI and nanotechnology can help reduce health care costs? 

✓ Yes 

• No 

• Not sure 

10. How do you think AI and nanotechnology can improve the efficiency of health care 

services? (Twenty words or less). Response here:  It needs to be improved but I cannot say 

how. 

11. What ethical concerns do you have about using AI and nanotechnology in health 

care? (Twenty words or less). Response here:  Privacy and confidentiality would be at 

stake. 
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12. Do you think there should be strict regulations on how AI and nanotechnology are 

used in health care? (Twenty words or less).      Yes. This must be policed. 

13.Have you ever experienced AI or nanotechnology-based health care services? 

• Yes 

✓ No 

• Not sure 

If yes, what was your experience like? (Twenty words or less).  

14. What expectations do you have for the future of AI and nanotechnology in health   

         care? (Twenty words or less). Response here.   It’s out there already, so there must 

be some sort of improvement. 

15. Do you have any concerns about the long-term effects of nanotechnology on the human 

body? (Twenty words or less). Response here:  You never know. 

16. How do you feel about the potential for AI and nanotechnology to be used in        

     personalized medicine and targeted treatments? (Twenty words or less). Response here: 

      The same way people go to Google to get information. The same way for AI and Nanotech.  

Don’t underestimate those. 

 

For this survey, informed consent and anonymity are the criteria. This survey is used only 

for the purpose mentioned. Thank you tremendously for completing this survey and I wish 

all success with your current and future goals.  
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APPENDIX K: Response from participant 11 

Survey on Artificial Intelligence (AI) and Nanotechnology in Health Care, January, 

  2025. This survey is being carried out by Grace Worsley, MBA, as part of my Chapter 6, 

DBA (Doctor of Business Administration) in Health Care Administration’s Conclusion for 

my dissertation: ‘Artificial Intelligence (AI) and Nanotechnology: Synergies and Impacts on 

Health Care Systems.’ 

 

                                                 Questionnaire 

What is your age? 

A. 0–15 years old 

B. 16–30 years old 

C. 31–45 years old 

D. 46–60 years old 

E. 60+ years old 

F. Prefer not to answer 

                                                         

                                                      Response here ____C____ 

 

Gender identification 

1. Male         2. Female          3. Non-binary        4. Prefer to self-describe    

                                           5. Prefer not to answer 

                                                     

                                                         Response here___1______ 
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Ethnicity 

Which one of the following best describes you? 

1. American Indian or Alaskan Native 

2. Asian or Pacific Islander 

3. African-American 

4. Caucasian 

5. Caribbean 

6. Hispanic origin 

7. Not of Hispanic origin 

8. Two or more 

9. Other/Unknown 

10. Prefer not to say 

                                                       

                                                            Response here____5_______ 

 

Educational level 

What is the highest degree or school level you have completed? 

1. Less than a high school diploma (< CXC, CSEC) 

2. High school graduate or equivalent (e.g., =GED, CXC, CSEC, etc.) 

3. Some college credit, but no degree 

4. Associate’s Degree 

5. Bachelor’s degree 

6. Master’s degree 

7. PhD or higher 

8. Trade/Technical/Vocational school 

9. Prefer not to say 

                                                  

 

                                        Response here____2______ 
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Questions continued 

1. How do you feel about the integration of AI and nanotechnology into healthcare 

systems? (Twenty words or less). Response here    Yes. It’s being used and I will join it. 

2. Do you believe AI and nanotechnology can improve healthcare services? Why or why 

not? (Twenty words or less) Response here:     I believe human’s caring about patients will 

improve the systems. 

      3.  Do you trust AI systems and nanotechnology to handle your personal health data     

        securely? 

• Yes 

✓ No 

• Not Sure  

4. What concerns do you have regarding privacy when it comes to AI and nanotechnology 

in healthcare? (Twenty words or less) Response here:       A lot of concerns. 

5.    Do you think AI and nanotechnology can accurately diagnose and treat medical 

conditions? 

• Yes 

• No 

✓ Not sure 

     6. How comfortable are you with AI and nanotechnology making medical decisions       

on your behalf? (Twenty words or less). Response here:   I am not comfortable.         
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7. Do you think AI and nanotechnology can help make health care more accessible to 

       underserved populations? 

• Yes 

✓ No 

• Not sure 

8. How do you feel about AI and nanotechnology replacing or supplementing human 

doctors in certain scenarios? (Twenty words or less).   Response here:  That’s a big ‘no-

no.’ We don’t want machines taking over. 

 9.   Do you believe AI and nanotechnology can help reduce health care costs? 

• No 

✓ No 

• Not sure 

10. How do you think AI and nanotechnology can improve the efficiency of health care 

services? (Twenty words or less). Response here:   People who run the world. Not AI. 

11. What ethical concerns do you have about using AI and nanotechnology in health 

care? (Twenty words or less). Response here:  Privacy will not be there. There are always 

privacy hackers. 
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12. Do you think there should be strict regulations on how AI and nanotechnology are 

used in health care? (Twenty words or less).     Very, very strict. 

13.Have you ever experienced AI or nanotechnology-based health care services? 

✓ Yes 

• No 

• Not sure 

If yes, what was your experience like? Response here:   I was paralyzed for two years and 

subjected to having MRI. I was uncomfortable in the machine. 

14. What expectations do you have for the future of AI and nanotechnology in health   

         care? (Twenty words or less). Response here.   The future will be good because many  

problems can be solved. 

15. Do you have any concerns about the long-term effects of nanotechnology on the human 

body? (Twenty words or less). Response here:  I have reasonable belief that we can use it 

accurately. 

16. How do you feel about the potential for AI and nanotechnology to be used in        

     personalized medicine and targeted treatments? (Twenty words or less). Response here: 

All of this, if this is important, I would support them and tell them to keep up the hard work. 

For this survey, informed consent and anonymity are the criteria. This survey is used only 

for the purpose mentioned. Thank you tremendously for completing this survey and I wish 

all success with your current and future goals.  
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 APPENDIX L: Graphical Depiction of Overall Sentiment 

The following is a graphical depiction of the general overall sentiment captured from the 

first question on the survey: 

 

 

 

Figure 67: A graphic representation of the sentiments of survey respondents for question one of all survey 

questionnaires, reflecting overall general sentiment. 

 

1. How do you feel about the integration of AI and nanotechnology into health care systems? 

▪ Overall General Positive sentiments-78.96% 

▪ Overall General Negative sentiments-5.26% 

▪ Overall ‘Not Sure’ Sentiments-15.78% 
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APPENDIX M: Career Path 

      The following is the career path I would like to conquer on completion of my DBA: 

❖ Career goals and desires within the health care systems: Lectures, seminars, webinars, 

motivational speeches, consults and related areas. Email: janetinternetqueen@gmail.com 

❖ Author advocates for a Caribbean technological hub, encompassing all strata of society, 

which promotes innovation and designs and solutions benefiting health care systems. 

 

 

ACCRONYMS 

AFM                  Atomic Force Microscope 

AGI                     Artificial General Intelligence 

AI                        Artificial Intelligence 

ANN                              Artificial Neural Network 

ARPANET          Advanced Research Projects Agency Network 

Au NPs                          Gold Nanoparticles 

Au NRs                          Gold Nanorods 

BBB                               Blood-Brain-Barrier 

BCHI                              Brain Chip Human Interface 

BCI                                 Brain Chip Interface 

BOC                               Brain-On--Chip 

CA4                                Combretastatin A4 Phosphate 

C60                       Carbon 60 

CAD                               Computer Aided Design  

CAT                                Computed Axial Tomography 

CC BY-SA                      Creative Commons Attribution-ShareAlike 

CD-ROMs           Compact Discs Read Only Memory 

CE                                   Conformite Europeenne 

CEOs                   Chief Executive Officers 

mailto:janetinternetqueen@gmail.com
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CEA                                French Alternative Energies and Atomic Energy   

                                        Commission  

CEUS                              Contrast-Enhanced Ultrasound 

Chat GPT              Chat Generative Pre-Trained Transformer 

CHM                     Computer History Museum 

CNN                               Convoluted Neural Networks 

COPD                             Chronic Obstructive Pulmonary Disease 

COVID-19                     Coronavirus Disease of 2019 

CPU                    Central Processing Unit 

CT                        Computer Tomography 

CT scan                          Computed Tomography Scan 

DUV                     Deep Ultra Violet 

2D                                  Two-dimensional 

3D                                  Three-dimensional 

4D                                  Four-dimensional 

DNA                               Deoxyribonucleic acid 

DOI                                Digital Object Identifier                     

DUV                               Deep Ultra Violet 

EDX                               Energy Dispersive X-ray 

EM                      Electron Microscope 

ENIAC                           Electronic Numerical Integrator and Computer 

et al.                               et alia (Latin); and others  

FAPI                               Fibroblast Activation Protein Inhibitor 

FDA                               Food and Drug Administration 

FTP                     File Transfer Protocol 

GANs                             Generative Adversarial Networks 

GFP                                Green Fluorescent Protein 

GNPs                              Gold Nanoparticles 

GUI                                Graphical User Interface 

HIV                                Human Immunodeficiency Virus 

HTML                Hyper Text Markup Language 
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IBM                                International Business Machine 

IONPs                             Iron oxide nanoparticles 

JPG                                 Joint Photographic Experts Group  

510K                               Premarket Notification 

<                                     Less than 

LNP                                Lipid Nanoparticles 

LANs                    Local Area Networks 

LIFU                               Low-Intensity Focused Ultrasound 

LOC                                Lab-on-a-chip 

LONDs                           Lipid-Oil-Nanodroplets 

LSTM                             Long Short-Term Memory 

MBs                                Microbubbles 

MCSE                             Microsoft Systems Engineer 

MJP                                 Multi-Jet Printing 

mRNA                             Messenger Ribonucleic Acid 

MIT                                 Massachusetts Institute of Technology 

MRI                                 Magnetic Resonance Imaging 

NASA                              National Aeronautics and Space Administration                       

n.d.                                   no date 

NCI-H358                       National Cancer Institute-Human Lung Cancer Cell Line   

                                        358  

ND                                  Non Dispersive 

NIH                                 National Institute of Health 

nm                                   Nanometer     

NMR                               Nuclear Magnetic Resonance      

NPs                                 Nanoparticles 

OCC                                Organ-on-a-Chip 

PZT                                 Lead Zirconate Titanate (piezoelectric material) 

QD                                  Quantum Dot 

R&D                     Research and Development 

RNN                               Recurrent Neural Network 
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SEM                              Scanning Electron Microscope 

SPECT                           Single-Photon Emission Computed Tomography 

STEM                            Scanning Transmission Electron Microscope 

STM                              Scanning Tunneling Microscope 

T                                    Tesla (measurement for magnetic B-field strength) 

TEM                              Transmission Electron Microscope 

µ                                    Micrometer 

US                                 Ultra Sound 

<1µm                             less than 1 micrometer 

UNIVAC                       Universal Automatic Computer 

UV                                Ultra Violet 

UV-VIS                         Ultra Violet and Visible Spectroscopy 

Um                                Micrometer 

VEGFR2                       Vascular endothelial growth factor receptor2 

WANs                 Wide Area Networks 

Wi-Fi                             trademarked technology using radio waves  

                                      for high-speed internetwork, but also referred to as      

                                      wireless fidelity 
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