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Abstract: This study examines the impact of artificial intelligence (AI) on the development of 

robotic surgery, analyzing its role in improving the precision and safety of surgical interventions. 

The article investigates modern AI technologies used in robotic surgery, methods of their 

integration into surgical systems, and the results of clinical studies demonstrating the 

effectiveness of these technologies. Particular attention is paid to analyzing the regulatory 

framework of various countries governing the use of AI in surgery, including legislation in the 

United States, European Union, Uzbekistan, and other countries. Ethical aspects of AI 

application in surgery are considered, such as ensuring patient safety, protecting medical data, 

and responsibility for decision-making. In conclusion, prospects for further development of AI in 

robotic surgery and potential problems associated with its implementation are discussed.  
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Introduction 

Robotic surgery represents a paradigm-shifting frontier in contemporary medicine, synergizing 

cutting-edge advancements in robotics and surgical techniques. The integration of artificial 

intelligence (AI) technologies into this domain heralds a new epoch of surgical innovation, 

offering unprecedented opportunities to enhance the precision, efficacy, and safety of surgical 

interventions. AI's role in robotic surgery transcends mere augmentation of existing robotic 

systems; it catalyzes a transformative leap towards personalized and minimally invasive surgical 

approaches. 

These AI-empowered systems are fundamentally redefining surgical methodologies, providing 

surgeons with enhanced visualization capabilities, superior dexterity, and real-time decision 

support mechanisms. By harnessing the power of sophisticated machine learning algorithms and 

advanced image processing techniques, AI facilitates comprehensive preoperative planning, 

intraoperative guidance, and postoperative care. This holistic approach engenders more accurate 

diagnoses and enables the formulation of bespoke treatment strategies tailored to individual 

patient profiles. 

https://semantjournals.org/index.php/AJBP
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The capacity of AI systems to process and analyze vast repositories of medical data, 

encompassing patient histories, multimodal imaging studies, and real-time physiological 

parameters, is particularly noteworthy. This exhaustive analytical capability empowers surgeons 

to make evidence-based decisions, anticipate potential complications with greater accuracy, and 

optimize surgical procedures. For instance, AI algorithms demonstrate remarkable proficiency in 

processing and interpreting medical images, often surpassing human capabilities in identifying 

subtle anomalies. This attribute is especially valuable in oncological applications, where precise 

tumor localization is paramount for successful outcomes. 

Furthermore, AI-enhanced robotic systems exhibit an unprecedented level of adaptability, capable 

of real-time adjustments to accommodate individual patient anatomies and dynamic surgical 

scenarios. This adaptability, coupled with microscopic precision in instrument control, proves 

invaluable in delicate procedures involving critical anatomical structures, such as neurosurgical or 

cardiovascular interventions. 

However, the integration of AI into surgical practice is not without its challenges, encompassing 

technical, ethical, and legal considerations. These multifaceted challenges range from ensuring the 

reliability and safety of AI algorithms to addressing critical concerns regarding data privacy and 

the potential influence of AI on medical decision-making processes. Additionally, questions arise 

regarding the impact of AI on the traditional doctor-patient relationship and the risk of over-

reliance on technological solutions in medical practice. 

In the United States, the regulatory landscape for AI in medicine is overseen by the Food and 

Drug Administration (FDA), which has formulated specialized guidelines for the evaluation and 

approval of AI systems in medical devices1. These guidelines aim to establish rigorous standards 

for safety and efficacy while acknowledging the unique adaptive nature of AI algorithms. 

The European Union has implemented the General Data Protection Regulation (GDPR), which 

imposes stringent regulations on the processing of personal data, including sensitive medical 

information2. This comprehensive regulation has far-reaching implications for the development 

and deployment of AI in healthcare, particularly concerning data collection, storage, and 

utilization for AI model training. 

The primary objective of this study is to conduct a thorough analysis of AI's influence on 

enhancing the precision and safety of robotic surgical operations. Additionally, it aims to examine 

the diverse regulatory frameworks governing the application of these technologies across various 

countries, with a specific focus on Uzbekistan3. Through a comprehensive exploration of the 

current state of AI in robotic surgery, identification of best practices, and addressing potential 

challenges, this research endeavors to contribute meaningfully to the responsible and effective 

integration of AI technologies in surgical care. Ultimately, the goal is to facilitate improved 

patient outcomes and drive advancements in the field of medicine. 

Methodology 

This study employs a comprehensive approach to investigate the impact of AI on robotic surgery. 

The methodology includes a systematic literature review of scientific publications in leading 

medical and technical journals over the past five years, utilizing databases such as PubMed, IEEE 

Xplore, and Scopus. Keywords used in the search include "robotic surgery", "artificial intelligence 

in surgery", "AI-assisted surgery", and "surgical precision". Additionally, an analysis of clinical 

data was conducted, studying results from clinical trials comparing traditional surgical methods 
                                                           
1 U.S. Food and Drug Administration. (2019). Proposed Regulatory Framework for Modifications to Artificial 

Intelligence/Machine Learning (AI/ML)-Based Software as a Medical Device (SaMD). 

2 European Union. (2016). General Data Protection Regulation (GDPR): Regulation (EU) 2016/679. 
3 Law of the Republic of Uzbekistan "On Digital Technologies" dated July 2, 2019 No. ЗРУ-547. 
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with AI-enhanced robotic systems. Parameters evaluated include precision, operation time, 

frequency of complications, and postoperative recovery. The regulatory framework analysis 

involved studying legislation in various countries, including the United States, European Union, 

Uzbekistan, and others, specifically focusing on AI regulation in medicine. This included an 

examination of FDA guidelines, GDPR norms, and national AI development strategies. Expert 

interviews were conducted with leading surgeons and specialists in the field of medical AI to gain 

insights into practical applications and challenges. Lastly, an ethical analysis was performed to 

consider the implications of AI application in surgery, including issues of responsibility and 

patient safety. 

Results 

The analysis of literature and clinical data revealed several key findings regarding the impact of 

AI on robotic surgery. AI-assisted robotic systems demonstrate a significant increase in the 

precision of instrument positioning compared to traditional methods. In neurosurgical operations, 

for instance, the use of AI allowed for a substantial reduction in deviation from the planned 

trajectory. A meta-analysis of clinical studies showed a decrease in the frequency of postoperative 

complications when using AI-assisted robotic systems. In cardiac surgery, the use of AI for the 

analysis of intraoperative data allowed for a reduction in the risk of ischemic events. The average 

time of complex surgical interventions was reduced when using AI systems, with automation of 

routine stages of the operation using AI allowing for a reduction in the total anesthesia time. 

Patients who underwent operations using AI-enhanced robots demonstrated faster recovery, with 

functional results six months after the operation being better in the group of patients operated on 

using AI systems. In terms of regulation, the study found that different countries have taken 

various approaches. In the United States, the FDA has developed a program for the evaluation and 

approval of AI systems in medical devices, including robotic surgical systems4. In the European 

Union, GDPR establishes strict requirements for the processing of medical data used for training 

AI systems5. In Uzbekistan, a law "On Digital Technologies" has been adopted, creating a legal 

basis for the introduction of AI in healthcare. 

Discussion 

The results of this study demonstrate the significant potential of AI in improving the efficiency 

and safety of robotic surgery. The integration of AI allows not only to improve the technical 

aspects of operations but also to personalize the approach for each patient. This personalization is 

a key factor in advancing towards precision medicine, where treatments are tailored to individual 

patient characteristics. However, the introduction of AI in surgery is accompanied by a number of 

challenges that require careful consideration. Ethical issues arise concerning the boundaries of AI 

autonomy in decision-making during operations, raising fundamental questions about the role of 

human judgment in medical procedures. In the United States, the American Medical Association 

(AMA) calls for the inclusion of AI training in medical education programs6. This 

recommendation acknowledges the need for healthcare professionals to understand both the 

capabilities and limitations of AI systems. Legal aspects, particularly the issue of responsibility in 

case of AI system error, require careful elaboration. Traditional models of medical malpractice 

may not be sufficient to address scenarios where AI systems play a significant role in decision-

making. In the European Union, work is underway on special legislation on AI responsibility. 

Data protection is another critical issue, as the increase in the volume of processed medical data 

                                                           
4 American Medical Association. (2019). Augmented intelligence in health care H-480.940. 

5 European Parliament. (2020). Resolution on a framework of ethical aspects of artificial intelligence, robotics and 

related technologies. 2020/2012(INL). 
 

6 Act on the Protection of Personal Information (Japan), Act No. 57 of 2003, amended in 2020. 
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raises the risk of data breaches. In Japan, a law on the protection of personal information has been 

updated to take into account the development of AI and big data7. Accessibility of technologies 

presents a challenge, with a risk of increasing the gap in the quality of medical care between 

developed and developing countries due to unequal access to advanced AI technologies. The 

World Health Organization has highlighted the importance of ensuring equitable access to AI 

technologies in healthcare8. Technical challenges in AI development for robotic surgery include 

ensuring the reliability and robustness of AI systems, dealing with unexpected scenarios during 

surgery, and maintaining the ability for human override when necessary. The successful 

implementation of AI in robotic surgery also requires seamless integration with existing 

healthcare systems and workflows, including compatibility with electronic health records and 

protocols for the use of AI in different surgical specialties. Long-term studies are needed to assess 

the outcomes of AI-assisted procedures over extended periods, including monitoring for 

unforeseen complications and comparing long-term outcomes with traditional surgical methods. 

Public perception and acceptance of AI in critical medical procedures like surgery is crucial, 

necessitating clear communication about the benefits and limitations of AI in surgery. Finally, 

while AI-assisted robotic surgery has the potential to improve outcomes, it also comes with 

significant costs in terms of equipment, software development, and training. Healthcare systems 

need to evaluate the cost-effectiveness of these technologies and consider how to make them 

accessible to a broader population without exacerbating healthcare inequalities. In conclusion, 

while AI in robotic surgery offers tremendous potential for improving patient outcomes, its 

successful and ethical implementation requires a multifaceted approach. This involves addressing 

technical challenges, developing appropriate legal and ethical frameworks, ensuring data 

protection, promoting global access, and maintaining a focus on patient-centered care. As we 

move forward, continuous research, interdisciplinary collaboration, and ongoing dialogue between 

stakeholders will be crucial in realizing the full benefits of AI in surgical practice while mitigating 

potential risks. The development of comprehensive digital health strategies, such as Australia's 

My Health Record system, could serve as models for integrating AI technologies into broader 

healthcare ecosystems. 
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