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ABSTRACT 

AI being used in surgical robotics is rapidly changing the face of 

surgery in the modern society, improving the results of surgery by 

eliminating human influence and errors, and offering numerous 

advantages than manual surgery. In this paper, I delve into the 

possibility of using AI in surgical robotics with a view to reviewing 

how these surgical robots enhance surgical precision, shorten 

healing time and enhance general patient benefits. Machines, 

including robotic surgeries, like the da Vinci Surgical System, offer 

data feedback, risk assessment, analysis, and decision regarding 

improved safety and efficiency of surgeries. AI thus allows more 

accurate procedures in such surgeries depending with Surgeons’ 

handiwork, lessening of variation in results, fewer cases of 

complications, and quicker recovery. Nevertheless, there are limits 

or, more precisely, issues, which relate to the subject information 

protection, trust to the technologies, more significant and global 

ethical dilemmas concerning autonomy and responsibility. Further 

prospects for the development of AI in surgical robots involve 

complete robotic operations, more accurate simulation of surgeon’s 

skills and improved availability of high end healthcare. In future, AI 

is expected play a more significant role in surgical robotics and as 

technology advances similarly we can expect better care and 

enhanced healthcare delivery. 
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INTRODUCTION  

Robotic surgery assisted by artificial intelligence has become an innovative aspect in the healthcare 

sector but more so in the surgery interval. Traditional methodologies have depended on human skills 

of a surgeon, however skilled, experienced or well-trained the surgeon may be; conventional 

operations are limited by factors such as error, fatigue and variability in results [1]. Whereas, the 

surgeries today at the advent of AI and robotics, are being supported by technologies which not only 

aids surgeons in its working obviously but also reinforces in de-emphasizing the common drawbacks 

customary in surgeries [2].  

Surgical applications involving artificial intelligence can add a positive difference to the course of 

surgical procedures in the health sector. AI application in surgical robotics is relatively still in its early 

age, though as robotic systems are becoming wiser, simpler and capable of supporting surgeons 

throughout from pre-operative stage to post-surgery. Such systems can perform applications that are 

closer or even more precise than bare hands, or perform applications that are virtually impossible 

with hand and fingers alone [3]. AI working systems used in robotic systems work with large amounts 

of data relating to patients, such as live vital statistics, diagnostic imaging and medical history 

information, for live psycho motor verbal interactions and to help in decision making during live 

surgeries [4].  

The extent of working through the data at such a great speed is what makes the AI systems quite 

useful in giving support in the formulation of valuable decisions that would assist the patient in 

question. The other advantage through incorporation of AI in surgical robots is the precision it brings 

to surgeries [5]. They can be very much detailed such moves can pinch human surgeons or surgeries 

in sensitive areas of the body. That is why the best of the best can make mistakes simply due to a 

technical hitch, poor visibility or reach [6]. Surgical robots, now operated by artificial intelligence 

hold high precision in case operations are done in a manner that is least susceptible to human 

interferences. With real-time data analysis and machine learning technologies incorporated in the AI 

they can ensure that instrument is taken to the exact location which decreases chances of 

complications and increases success rate [7]. It also in use surgical robotics to help shorten patients’ 

recovery time which means that recovery period is short.  

In its conventional operation, there might be huge loss of tissue in the patent, and large w area and 

long recovery time [8]. However, processes performed by surgical robots are not as complex as actual 

surgical procedures; most of the time they are less complex and therefore it is easier for surgeons to 
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make minor cuts that do negligible harm to the body. Not only is it less invasive but also less time 

consuming, not much of a chance of being infected or scarred once again and many more risks [9]. 

Knowledge of methods that can increase the efficiency of the result implies that many operations, and 

therefore many patients, can be less traumatic, require less anesthesia or rehabilitation and here 

means, less expensive hospitalizations in the over-time. There is another pros-of application of the AI 

in surgical robotics: it has potential to remove fundamental variability in surgeries [10].  

This paper, however, will mainly dwell on the aspects of human error that occur in the surgical 

processes; from small simple mistakes to the biggest fatal mistakes. Still, such a surgeon might have 

a difficult time undertaking this or that surgery/operation or may encounter a number of questions 

that might have a negative impact on the result of surgery in one or another manner. On the other 

hand, the AI systems perform a calculative accurate output throughout the work and is not at all heavy 

to the processor even if it is working for long time and for a large number of problems [11]. It is a 

well-known fact that greater automation tends to equate to higher quality, and this is especially so 

where such automation involves the results of the surgical operations that are undertaken. This is 

especially true in operative procedures that are sensitive and which need considerable precision such 

as in critical surgery. Besides higher precision and lesser percentage of error, addition of AI especially 

in surgeries is not only for the above-mentioned reasons [12].  

This paper also reveals that there are many benefits associated with AI, benefits that will favor the 

patient’s side and the healthcare professionals. For patients, it has been perceived that-surgeries with 

incorporation of AI means that it is less painful, safer with shorter period of healing time and less 

close body drama operation [13]. To the stakeholders particularly the healthcare providers, the AI and 

robotics concept is an indication that healthcare providers can perform more and different tasks than 

they used to, or even better, perform the task more efficiently. Moreover, since AI systems are 

acquiring data in Real-time, this has the effect that surgeons are able to make the right decisions with 

respect to the treatment of a patient during surgery, which reduces the place of intuition and/or 

guesswork at the operation theatre to a very small extent [14]. Nevertheless, incorporating the AI 

capability in the surgical robot is not devoid of challenges and, in some cases, ethical questions at any 

instance [15].  

Other concerns which are related to the topic are mainly linked to patient acceptation and trust in the 

use of AI in performing surgeries. As mentioned earlier, with the help of AI both the quality as well 

as the accuracy of surgery is likely to find a drastic boost and yet the patient is likely to feel edgy if 

informed that there is a robot involved in attending him or her [16]. The possibility to lose control 
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over a particular process, or the possibility that this particular type of robot might fail becomes 

important constraints that can greatly impact the integration of this technology [17]. Thus, and so, 

Murray asserted that the advice given to one’s patient may be to inform them of the benefits of having 

an AI on surgical robotically, but at the same time to let them know the strengths and weaknesses of 

the method.  

Another pair of pillars, which are equally as important as building patient and doctor relations are the 

privacy of patients [18]. However, other issues relating to sovereignty and decision making 

throughout the processes that AI allows arise. Who or what is accountable if an AI Robot is 

dysfunctional or does not result in the expected output? Who is to be held responsible if the error was 

committed on the side of the surgeon that supervised the operation: robotic system manufacturer, or 

the authors of AI algorithms? These ethical and legal questions are worth discussing because the 

tendency towards using AI is rising in the sphere of surgery [19]. The main idea of effective 

management of the use of artificial intelligence in surgery will be the identification of the clearly 

defined supervisory and reporting requirements. Of these areas, there is one existing already on an 

enhancing trend which is the AI technology and it quickly means that this same technology if applied 

in enhancing surgical practices and the result that patients can get will one day become even better. 

The likely trends to occur within the near future include improved and enhanced algorithms for the 

AI, improved methods of data handling as well as enhanced mechanical designs that are likely to 

make surgeries more precise and fairly minimally invasive [20].  

Additionally, integration of AI with other existing sophisticated technologies like augmented reality 

(AR) or virtual reality (VR) could also enhance the real operative theatre environment visibility even 

action ability by the Surgeon [21]. These technologies are expected to further raise efficiency in 

surgeries and offer more means of distinct types and sorts of training and simulation for the surgeons, 

which will allow them to ‘practice’ some of the surgeries on patients before implementation in real 

life. Last but not the least, integration of Artificial Intelligence in surgical robotics as demonstrated 

in this paper enhances the way operations are conducted by envisaging precision, security and short 

recovery time. Robotic surgical platforms with artificial intelligence means that the surgeons can limit 

surgical treatment to the extent they never possessed allowing patients to become healthier [22]. As 

this advancement passed through the process of evolution, this technology can have the possibilities 

to flip the complete facet of surgical operations for the given patient care and reduction in the 

associated surgery risks [23]. But it becomes rather relevant to discuss the ethical implications and 

the concerns, or opportunities, that modern surgery entails or supports through AI and for these to 
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ensure that one washes off when adapting AI in surgery and hence the need to prepare the patients 

and the health care providers on the new face of surgery. 

RESEARCH FINDINGS 

 The Evolution of Surgical Robotics and AI Integration: Computer assisted surgery systems have 

been in practice for several years for example the da Vinci Surgical Systems which assist surgeons 

carry out minimal invasive surgery with high levels of accuracy. The integration of AI into this domain 

is, however, revolutionary as it improves these robots’ performance by feeding them with contextual 

data analysis, predictive model and decision aid during surgeries [24]. 

Early Developments in Surgical Robotics: The main initial direction of surgical robotics was 

related to the mechanical operating room, which provided a better ability to control during the surgery. 

These robots were more or less teleported, that is, the surgeon controlled the motion of the robot from 

a distance. Even these early robots however were superior to human hands in terms at least of 

replicating a certain type of operations, they did not possess features such as dynamic feedback and 

learning from the acquired surgical data [25]. 

Integration of AI into Surgical Robotics: The next groundbreaking advancement was embedding 

of artificial intelligence for decision making on volumes of data besides the precise movement that 

has characterized surgical robots. The system uses machine learning and pattern recognition to 

computational processing of pre-operative radiographic images, real-time intra-operative sensor 

input, and post-operative CT scan results to inform the actions of the robot, while presenting the 

surgeon with navigational instructions. Presently, the implementations of AI are able to be used in the 

various surgical settings in a way that makes them learn from one procedure to the next [26]. 

ENHANCING PRECISION IN SURGERY THROUGH AI-POWERED ROBOTICS 

AI when incorporated into surgical robots has made procedures even more accurate especially, in the 

delicate surgeries. AI is useful not only for increasing the accuracy of one’s lighting but also for 

reducing potential human mistakes and keeping better track of the general strategies at hand for 

surgery [27]. Using robots in surgical procedures is one area where the precise nature of an AI system 

lends it to the task since the kind of movements in delicate operations differ greatly from the norm. 

AI fused with the capabilities of real-time data analysis avails an added functionality of prediction to 

guarantee that each surgery performed will be done perfectly to an extent that could be difficult for 

even the surest surgeon’s hands [28]. 

Reducing Variability in Surgical Outcomes: Human mistakes continue being the major cause of 

rhythm and inconsistency in surgical operations. Even after many years of practice, it becomes very 
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hard to perform an operation without making a mistake due to stress, tiredness, or distraction, in the 

case of lengthy and complicated surgery. The integration of robotic systems with artificial intelligence 

lowers the degree of variability of these movements due to systematic accuracy of actions propelled 

by data analytics [29]. By reducing large elements of instinct, AI systems cut out much of the 

inconsistency by applying the same decisions and calculations in a busy manner and without hour 

fluctuation such as fatigue a surgeon might be experiencing. These systems are particularly tailored 

to do extensive work with minimal errors as would be observed in regular surgeries [30].  

For example, it becomes very easy for an artificial intelligence to master techniques such as tissue 

manipulation or even suturing where the complexity of the task or size of the surgical tools makes it 

nearly impossible for human hands to perform the surgery. In addition, the use of AI systems is 

characterized by learning, and the surgical robot in particular enhances its capabilities [31]. One of 

them is that analyzing a big amount of data from previous operations and their results, such systems 

can improve the algorithms for the appropriate surgical interventions. This learning procedure helps 

to make procedures in future better and assists in development of surgical skills [32]. 

MINIMIZING HUMAN ERROR IN SURGERY 

Surgery has remained a sensitive area that is highly likely to be associated with errors despite the 

experience level of the surgeons. Working with a vibrating tool, performing difficult operations, and 

handling tissues and blood vessels increase the likelihood of mistakes that harm patient outcomes and 

jeopardizes their safety. AI technology intervenes in these errors in a big way, to improve the safety 

of surgeries and the quality of the offered healthcare [33]. 

Real-Time Error Detection and Correction: Surgical robots under the AI framework have superior 

integrated error checker and are able to check for errors that have occurred. In a surgery room, the 

system keeps observing the movements of a surgeon and compares them to a number of models of 

the most efficient surgical activities. Any variations from the planned procedure are immediately 

identified by the AI system – for example, if a surgeon misplaced an instrument or made a mistake in 

incision dimensions, the system informs the clinician about the problem. This protective approach 

proved very useful in the case of keeping simple errors from escalating to significant complications 

[34]. 

 For instance, when performing a surgical procedure such as laparoscopic surgery where working 

space is small and accuracy is crucial AI can assist in navigating the surgeon’s hands thereby avoiding 

harm to adjacent tissues. The system can also keep track of the patient’s overall condition, including 

the fact of possible instability of vital signs, and inform the surgeon about deviations, for example, in 

heart rate or oxygen saturation. This is because the AI system enables the surgeon fix mistakes 
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inevitably made during the surgical process thus enhancing safer surgery with minimal complications 

[35]. 

Predictive Analytics for Risk Assessment: Surgical robotics is also deployable with prediction 

analysis technologies that allow the system to understand the consequential risks of surgical 

procedures before and even during operation. AI can know if a patient is predisposed to developing 

issues during surgery like bleeding, adverse reaction to anesthetics, or organ injury by applying data 

including patient history, pictures before surgery, and in-operation information. Among these, the 

predictive talent in health care is formidable especially when determining risk or complication-prone 

surgeries [36]. For example, if a patient has a vascular disease the AI will be able to predict that 

patient’s likelihood of experiencing hemorrhagic complications. Sharing such details with AI earlier 

helps surgeons achieve early planning and even engaging in handling of complications even before 

they occur since this reduces the rate of mishaps. 

BENEFITS OF AI IN SURGICAL ROBOTICS 

The use of AI in surgical robotic procedures has numerous benefits over other conventional practices 

apart from increasing accuracy and minimizing mistakes. Some of the benefits of hourly rounding 

include; shortened length of stay, reduced costs of health care and better patient satisfaction. AI in 

surgery has benefits beyond risk reduction, including improving a patient’s quality of their experience 

with healthcare services and optimizing the delivery of care [37]. 

Reduced Recovery Times: Another major benefit of performing robotic surgery through Artificial 

Intelligence is the short period an individual takes to recover from the surgery. Robotic operations in 

most cases provide minimum invasive techniques hence they require small incisions, less 

manipulation of tissues and less prone to infections compared to open operations. Thus, patients suffer 

from moderate or mild amounts of postoperative pain, fewer complications and shorter recovery 

periods. AI robotic surgeries which are less invasive enable surgeons to undertake complicated 

operations without being overly invasive [38]. Those patients benefit from these procedures in that 

they involve less blood loss, scarring, and time spent out of their normal activities. The aspect of 

precision as well as reduced internal intervention makes it quite helpful to elderly patients or those 

with other disorders that might compromise on surgery intensified repercussions. 

Enhanced Patient Outcomes: There seems to be an improvement on the performance of patient 

prognosis where AI is applied in surgical robotics. The implementation of AI reduces the margin of 

error, the use of robotic systems supply, continuous guidance during the surgery hence it is more 

efficient. This then leads to less complications during surgery, quicker recovery time and overall 

better health more down the life [39]. Further, due to AI systems’ flexibility to incorporate raw, real-
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time patient data and consequent treatment plans, constant and unique care can be provided. Surgery 

can be done in different ways depending on the structure of the patient as well as the patient’s history 

of illnesses. As a result, the application of artificial intelligence in a robotic surgery contributes to 

patient safety and increased satisfaction with the health care process [40] 

Cost Efficiency: What is more important is that while implementing such an AI-based surgical 

system requires a huge first-time investment, it gives back in terms of costs in the longer run. AI 

robotics assist in cutting down hospitalization costs since the time spent operating is shortened, the 

complication rate is lowered, and simple surgical operations are made much more efficient. 

Minimally invasive surgeries as a way tend to lead to short recovery periods and therefore costs of 

post-operative periods are greatly reduced [41]. Further, AI eliminates consequential pitfalls by 

humans such as getting infected, unlucky surgeries, or a slow rate of healing. The robots also assist 

in making several procedures efficient and cutting down the general cost of treatment which expands 

access to expensive surgeries for more common populace. 

ETHICAL CONSIDERATIONS AND CHALLENGES 

Even though future surgical robotics is AI enabled, a number of ethical issues can be witnessed. These 

include, but are not limited to; patient trust in AI, risk of AI systems developing its independence to 

function without supervision and the question of who is to blame once the system makes surgical 

mistakes. All these challenges need to be solved if we are to want to use AI in surgery responsibly, 

ethically, and with maximum benefits [42]. 

Patient Trust and Acceptance: The lack of trust between patients and surgeons is among the biggest 

hurdles to the use of AI in surgery. Some of the patients may have a few issues with a machine carrying 

out part of a surgery even though the robot’s functionality is supervised by a qualified surgeon. The 

concern of losing control or a failure in robotic system can also lower patient expectations to the AI 

aided surgeries [43]. Concerning this, healthcare providers need to undertake campaigns to make 

patients understand that the use of artificial intelligence is advantageous especially in surgery by 

increasing accuracy to a level of reducing the risk. Strong public regulation of merging information 

technologies, including the use of IT in surgical activities, coupled with meta-communication about 

the use of robots in operations is very important in reduction of public mistrust [44]. 

Autonomy and Accountability: In the future when AI systems replace human surgeons who can 

perform an entire surgery using their surgical robots, then the issue of responsibility comes into play. 

To whom is it attributable if an AI system arrives at a decision and the outcome is negative? To whom 

does the responsibility belong – to the surgeon who oversaw the operation, the creators of the AI 

algorithms used, or the producer of the robotic apparatus? These questions pose several ethical and 
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legal questions on the accounts that AI systems hold for healthcare systems [45]. It will require clear 

guidelines and regulations as to hold those that will be dispensing this-services accountable while at 

the same time offering protection to the patient as well as the health care providers. As we move 

forward in teaching AI decision making and using it more and more in operation theatres, we will 

also have to develop more clearer lines of who will be responsible where and when [46]. 

FUTURE PROSPECTS OF AI IN SURGICAL ROBOTICS 

The future for AI in surgical robotics is even more promising especially with the extension of 

technology in the system’s application area that continuously develops. With even more development 

in the AI, the rumor is that robotic systems will be highly advanced, precise and less depending on 

human input and are capable of delivering more degree of solo patient care [47]. 

Data Availability and Transparency Issues: The vision for the use of AI in surgery is the ability to 

have teleported or autonomous robotic systems perform surgeries with minimal to no human control. 

However current systems still need a surgeon to monitor the process but with improved AI and 

machine learning robot surgeons will be fully autonomous [48]. These fully automated systems would 

eliminate human factors and increase orders of magnitude the efficiency in areas where surgeons are 

scarce. 

AI-Enhanced Training and Simulation: AI is also very important in surgical education and training. 

As a result of practice in virtual reality, prospective surgeons can make the necessary preparations for 

complex surgeries that cannot be performed on real patients. It can give trainees an instant, 

meaningful result since they train to enhance and apply certain techniques with no real patients 

around. It will also be an important venue in imparting the training to generations of surgeons to 

enable them to competently perform surgeries assisted by AI [49]. 

CONCLUSION 

The use of AI in surgical robotics is taking the surgical practice to another level, reducing the mistakes 

of man and giving better results to the patient. Technological enhancement in surgery using artificial 

intelligence makes surgeries more accurate, less invasive, and time-effective and results in reduced 

recovery time and therefore enhanced patients’ satisfaction. But the issues of patient trust, patient’s 

right, and justice mandate the need to address the ethical issue in the use of these technologies. The 

future development of AI is promising; with the full automated surgery and improved ways of training 

surgeons, the future of surgery is expected to improve health care provision globally. 
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