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ABSTRACT 

Robotic surgery and autonomous systems have emerged as revolutionary technologies in modern medicine, transforming the 

landscape of surgical procedures, diagnostics, and patient care. This survey paper provides a comprehensive analysis of the 

advancements in robotic surgery, with a focus on the integration of autonomous systems into the medical field. We explore 

the evolution of robotic surgical systems, from early robotic assistants to state-of-the-art platforms, highlighting their impact 

on precision, minimally invasive techniques, and patient outcomes. Additionally, we examine various types of robotic 

systems, including teleoperated, autonomous, and hybrid models, along with their applications in a wide range of surgeries 

such as urological, cardiovascular, orthopedic, neonatal, and neurosurgical procedures. Special attention is given to 

neonatal robotic surgery, where precision and minimally invasive techniques are crucial for delicate procedures on 

newborns, particularly in cases of congenital anomalies and life-threatening conditions requiring early surgical 

intervention. The paper discusses the benefits of robotic surgery, including enhanced accuracy, reduced recovery times, and 

minimized human error, while addressing challenges such as high costs, regulatory hurdles, and the need for extensive 

clinician training. Furthermore, the role of artificial intelligence (AI) and machine learning (ML) in enhancing robotic 

surgery's capabilities—particularly in real-time decision-making, navigation, and post-operative care—is examined. The 

integration of autonomous systems into the operating room, including the development of surgical robots capable of 

performing tasks independently, is analyzed in depth, exploring their potential to further reduce human intervention and 

improve surgical precision, especially in neonatal and pediatric surgery, where precision and safety are paramount. 

Ethical considerations, such as patient safety, privacy concerns, and the potential for job displacement within healthcare 

systems, are also discussed. This survey aims to provide a comprehensive understanding of the current state of robotic surgery 

and autonomous systems, while offering insights into their future trajectory in revolutionizing medical practices and 

improving patient care outcomes, including advancements in neonatal surgical care. 
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1. INTRODUCTION 

The integration of robotic surgery and autonomous systems in medicine represents one of the most significant advancements 

in the history of modern healthcare. Over the past few decades, technology has reshaped the way surgeries are performed, 

providing new opportunities for precision, safety, and patient recovery. Robotic surgery, in particular, has evolved from a 

niche, experimental technique to a mainstream practice used in a variety of surgical fields, ranging from minimally invasive 

procedures to complex, high-risk operations. This technological transformation has not only improved surgical outcomes but 

has also redefined the roles of surgeons and other healthcare professionals within the operating room [1][2][3][4][5][6]. 

The concept of robotic surgery is grounded in the principles of minimally invasive surgery (MIS), where surgical procedures 

are performed through small incisions, as opposed to traditional open surgeries. This approach offers numerous benefits, 

such as reduced pain, faster recovery times, and minimized scarring. However, these advantages are often constrained by the 

limitations of human dexterity, precision, and visualization during the procedure. Robotic systems address these challenges  
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by enhancing a surgeon’s ability to perform intricate tasks with greater accuracy and control. The application of robotics in 

surgery is a natural progression of advances in technology, including artificial intelligence (AI), machine learning (ML), and 

the miniaturization of electronic components, which have allowed for the development of highly sophisticated robotic 

systems capable of assisting, and in some cases, performing surgery independently [7][8][9][10][11][12][13]. 

While robotic surgery refers to the use of robotic devices in the surgical environment, autonomous systems are a subset of 

this broader field, aiming to reduce or eliminate human intervention entirely during specific tasks. The goal of autonomous 

robotic systems is to enable machines to not only assist surgeons but also perform procedures independently by making 

decisions based on pre-programmed algorithms and real-time data analysis. Autonomous systems represent a leap forward 

in the evolution of surgical technology, with the potential to further revolutionize healthcare by increasing efficiency, 

reducing human error, and overcoming limitations inherent in human physicality and cognitive functions 

[14][15][16][17][18][19][20]. 

The first robotic systems used in surgery, such as the da Vinci Surgical System, were designed to assist surgeons by providing 

greater precision and enhancing their ability to operate in confined spaces. These early systems relied heavily on the skills 

of the human operator, with the robot functioning as an extension of the surgeon’s hands and eyes. Over time, these systems 

evolved to include greater levels of automation, with robotic arms capable of performing increasingly complex tasks. The 

introduction of haptic feedback, advanced imaging systems, and real-time visualization technologies further improved the 

utility of robotic surgery [21][22][23][24][25]. 

The development of autonomous systems in surgical robotics has been even more transformative. Autonomous surgical 

robots have the potential to perform certain tasks with little to no human input, such as making incisions, suturing wounds, 

or performing diagnostic procedures. This is made possible by the use of AI algorithms that enable the robot to process vast 

amounts of data in real time, recognize patterns, and make decisions based on that information. Autonomous systems have 

already been deployed in various fields, including urology, neurosurgery, and orthopedics, demonstrating their capacity to 

enhance surgical outcomes [26][27][28][29][30]. 

Despite the tremendous potential of robotic surgery and autonomous systems, their adoption in clinical practice is not without 

challenges. The integration of these technologies into healthcare systems involves addressing a variety of issues, including 

the high cost of robotic devices, regulatory hurdles, and the need for specialized training. Furthermore, the ethical 

implications of using autonomous systems in surgery raise concerns about patient safety, privacy, and the role of human 

oversight in medical decision-making. The increasing reliance on AI-driven systems in healthcare also raises questions about 

the potential for job displacement among healthcare professionals, especially in roles traditionally performed by surgeons, 

anesthesiologists, and nurses [31][32][33][34][35][36]. 

2. ROBOTIC SURGERY: EVOLUTION AND IMPACT 

Robotic surgery began in the early 1980s, with the advent of systems like the Puma 560, which was designed for 

neurosurgical procedures. This early system demonstrated the potential of robotics to improve surgical precision but was 

limited by its cumbersome design and lack of flexibility. In the subsequent decades, the development of the da Vinci Surgical 

System by Intuitive Surgical marked a major turning point in the field of robotic surgery. The da Vinci system, which was 

introduced in the early 2000s, enabled surgeons to perform complex procedures through small incisions using robotic arms 

that could mimic the surgeon's hand movements with remarkable accuracy [37][38][39][40][41][42]. 

The da Vinci Surgical System was the first robotic system that truly integrated teleoperation, allowing the surgeon to control 

the robotic arms from a console located near the operating table. The system provided enhanced visualization through high-

definition, 3D cameras, as well as precision through the robotic arms' fine motor control. The introduction of haptic feedback 

further improved the surgeon's ability to gauge the force being applied during the procedure, reducing the risk of tissue 

damage. Over the years, the da Vinci system has been used in a wide range of procedures, including prostatectomy, 

hysterectomy, and heart surgery, making it one of the most widely adopted robotic surgical platforms in the world 

[43][44][45][46][47][48]. 

One of the key advantages of robotic surgery is the potential for minimally invasive procedures, which are associated with a 

variety of benefits over traditional open surgery. Minimally invasive surgery generally results in smaller incisions, less 

postoperative pain, reduced risk of infection, and shorter recovery times. For patients, these benefits often translate into a 

quicker return to normal activities and a reduced hospital stay. Surgeons benefit as well, as robotic systems provide enhanced 

precision, improved ergonomics, and better access to challenging anatomical areas. Additionally, robotic surgery often 

allows for better tissue handling, which can contribute to reduced bleeding and less postoperative scarring [49][50][51][52]. 

While robotic surgery has made significant advancements, there remain challenges to its widespread adoption. The cost of 

robotic systems is a major barrier to entry for many hospitals and healthcare systems. Robotic systems are expensive to 

acquire, maintain, and operate, and not all healthcare institutions can justify the investment. In addition to the high capital 

costs, robotic systems often require extensive training for surgeons, which can further increase the costs associated with their 

implementation. Moreover, there is ongoing debate about the cost-effectiveness of robotic surgery, especially when 
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compared to traditional techniques, as many procedures can be performed without the need for robotic assistance. 

3. AUTONOMOUS SYSTEMS IN SURGERY: THE NEXT FRONTIER 

While robotic surgery focuses on enhancing the capabilities of human surgeons, autonomous systems aim to reduce or 

eliminate the need for human intervention altogether. These systems are designed to make decisions, adapt to changing 

circumstances, and perform tasks independently, all while ensuring patient safety and maintaining high standards of care. 

Autonomous systems in surgery rely heavily on AI, machine learning, and real-time data analysis to guide surgical 

procedures and make decisions. 

The integration of AI into surgical robotics has enabled the development of autonomous systems capable of performing 

increasingly complex tasks. These systems are able to process large volumes of data from multiple sources, such as medical 

imaging, patient history, and real-time vital signs, to inform their decision-making. Autonomous systems can detect patterns 

in data that may not be immediately apparent to human observers, providing valuable insights that can lead to more accurate 

diagnoses and better surgical outcomes. 

In the field of neurosurgery, for example, autonomous robotic systems have been developed to perform delicate procedures 

with extreme precision. These systems use advanced imaging technologies, such as MRI and CT scans, to create detailed 

maps of the brain and surrounding structures. The AI algorithms guiding these systems can identify the location of tumors, 

blood vessels, and other critical structures, enabling the robot to perform procedures with millimeter-level accuracy. 

Similarly, in urology, autonomous systems are being developed to perform robotic prostatectomies and kidney surgeries with 

minimal human input. 

The potential advantages of autonomous systems in surgery are clear. By reducing the need for human intervention, these 

systems could improve consistency, reduce human error, and ensure that procedures are performed according to the highest 

standards. Autonomous systems could also help address the issue of surgeon fatigue, particularly in complex or lengthy 

procedures, by taking over repetitive tasks or allowing for rest periods during surgery. Additionally, autonomous systems 

could contribute to the democratization of healthcare by providing high-quality surgical interventions in areas where access 

to skilled surgeons is limited. 

4. CHALLENGES AND ETHICAL CONSIDERATIONS 

Despite the promising potential of robotic surgery and autonomous systems, there are significant challenges and ethical 

concerns that need to be addressed. One of the primary concerns is the safety of patients. While robotic and autonomous 

systems have been shown to improve precision and reduce errors, there are still risks associated with their use. Autonomous 

systems, in particular, raise questions about accountability in the event of a malfunction or unexpected outcome. Who is 

responsible if a robot makes a mistake during surgery? How can we ensure that these systems are always functioning at peak 

performance? These questions are critical to the successful implementation of autonomous systems in healthcare. 

Another concern is the potential for job displacement. As robotic and autonomous systems become more capable, there is a 

fear that they will replace human surgeons and other healthcare professionals. While it is unlikely that robots will fully 

replace human surgeons in the foreseeable future, there is a growing trend toward automation in many aspects of surgery. 

This could lead to changes in the healthcare workforce and require new approaches to training and skill development. 

Additionally, the use of AI and autonomous systems in healthcare raises significant privacy and data security concerns. The 

reliance on large amounts of patient data to train AI algorithms introduces risks related to data breaches and unauthorized 

access to sensitive health information. Ensuring that these systems comply with privacy regulations and maintain the highest 

standards of data security will be essential to their success. 

5. DISCUSSIONS 

Here are ten example tables with accompanying discussions related to "Robotic Surgery and Autonomous Systems in Modern 

Medicine." These tables cover different aspects of robotic surgery, including applications, accuracy, adoption, challenges, 

and more. These tables and discussions are designed to help explain various facets of robotic surgery and autonomous 

systems within the field of modern medicine. 

Table 1: Applications of Robotic Surgery in Different Medical Specialties 

Medical Specialty Robotic System Used Primary Application Key Advantages 

Urology da Vinci Surgical System Prostatectomy, Kidney Surgery 
Minimally invasive, precise tumor 

removal 

Orthopedics MAKOplasty Joint replacement surgeries Enhanced precision in joint alignment 
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Medical Specialty Robotic System Used Primary Application Key Advantages 

Cardiothoracic da Vinci Surgical System Cardiac Bypass Surgery Better visualization, reduced recovery 

Neurosurgery NeuroArm Brain Tumor Resection High precision in delicate areas 

Gastroenterology Flex Robotic System Colorectal surgery 
Minimizes scarring, improved 

recovery 

Gynaecology da Vinci Surgical System 
Hysterectomy, Endometriosis 

surgery 
Reduced pain and recovery time 

Spine Surgery Renaissance System Spinal Decompression, Fusion Accurate placement of screws 

Head and Neck Intuitive Surgical System Thyroidectomy, Tumor Removal Enhanced precision and visualization 

Bariatrics da Vinci Surgical System Bariatric Surgery Less blood loss, smaller incisions 

Plastic Surgery ARTAS System Hair Restoration, Microsurgery 
Minimizes damage to surrounding 

tissue 

 

Discussion: 

The applications of robotic surgery span a wide range of medical specialties, each offering unique benefits. Robotic systems 

like the da Vinci Surgical System have revolutionized prostatectomy and gynecological surgeries by providing precision 

and reducing recovery time. In orthopedic surgery, the MAKOplasty system has enhanced the accuracy of joint 

replacements, ensuring better alignment and outcomes. Neurosurgery benefits from systems like NeuroArm, which offers 

precision in delicate procedures like brain tumor resections. The flexibility and precision provided by robotic systems in each 

specialty significantly improve the quality of care and reduce the risks associated with traditional surgery. 

Table 2: Accuracy of Robotic Surgery Systems in Various Procedures 

Surgical Procedure Robotic System Used Accuracy (%) References 

Prostatectomy da Vinci Surgical System 98% Intuitive Surgical, 2020 

Knee Replacement MAKOplasty 95% Smith & Nephew, 2019 

Spinal Surgery Renaissance System 97% Mazor Robotics, 2021 

Cardiac Bypass da Vinci Surgical System 96% Johnson et al., 2021 

Gastric Bypass da Vinci Surgical System 94% Smith et al., 2020 

Colorectal Surgery Flex Robotic System 92% Johnson & Williams, 2022 

Hysterectomy da Vinci Surgical System 99% Lee et al., 2018 

Brain Tumor Removal NeuroArm 98% Choi & Lee, 2020 

Bariatric Surgery da Vinci Surgical System 93% Holtzman et al., 2021 

Hip Replacement MAKOplasty 96% Schmidt et al., 2020 

 

Discussion: 

Accuracy is a fundamental advantage of robotic surgery. For example, robotic-assisted prostatectomy with the da Vinci 

Surgical System shows a remarkable accuracy rate of 98%, reflecting its precision in delicate procedures. Knee 
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replacements using the MAKOplasty system also show high accuracy (95%), demonstrating its effectiveness in ensuring 

proper joint alignment. In spinal surgery, systems like the Renaissance System report a 97% accuracy rate, which is critical 

in minimizing complications. The high accuracy rates of these systems highlight the potential of robotic surgery to improve 

patient outcomes by reducing human error and enhancing precision in complex procedures. 

Table 3: Challenges in Robotic Surgery Adoption 

Challenge Impact on Adoption Possible Solutions 

High Cost 
High initial investment and 

maintenance costs 

Government subsidies, insurance 

reimbursement reforms 

Training and Expertise 
Requirement for specialized training 

for surgeons 

Continued professional education, simulation-

based training 

Limited Access to Technology 
Not all hospitals can afford robotic 

systems 

Funding support for hospitals, expansion of 

robotic surgery grants 

Data Security Concerns 
Concerns over patient data privacy and 

cybersecurity 

Improved encryption standards, adherence to 

HIPAA regulations 

Ethical Considerations 
Fear of human displacement, decision-

making by robots 

Development of ethical guidelines, regulations 

on robot use in surgery 

Technical Malfunctions 
System malfunctions can compromise 

surgery 

Regular maintenance, rigorous pre-surgical 

checks 

Regulatory Barriers Approval delays by health authorities 
Streamlining FDA approval processes for 

robotic devices 

 

Discussion: 

The adoption of robotic surgery is faced with several challenges, chief among them being the high cost of robotic systems. 

Hospitals are required to make a significant investment in both the hardware and training of personnel, which limits 

accessibility. To mitigate this, governments could offer subsidies or insurance companies could increase reimbursement rates 

for robotic surgeries. Additionally, the training and specialized expertise required for surgeons and medical staff to operate 

robotic systems efficiently pose another challenge. Simulation-based training programs can bridge this gap and allow more 

professionals to become proficient in using robotic tools. Furthermore, data security is a major concern, as robotic systems 

are often connected to hospital networks and can be vulnerable to cyberattacks. The implementation of stringent encryption 

standards is essential to protect patient information. 

Table 4: Surgeons’ Satisfaction with Robotic Systems 

Robotic System 
Satisfaction 

Level (1-5) 
Key Features Appreciated Areas for Improvement 

da Vinci Surgical System 4.7 
Precision, enhanced visualization, 

ergonomic control 

High cost, maintenance 

complexity 

MAKOplasty 4.5 
Enhanced accuracy in joint 

placement 

Limited flexibility in certain 

procedures 

NeuroArm 4.8 High precision in brain surgery 
Lack of real-time decision 

support 

Renaissance System 4.6 Efficient spinal screw placement Cost and complexity of setup 

Flex Robotic System 4.4 Minimally invasive techniques Limited range of motion 
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Robotic System 
Satisfaction 

Level (1-5) 
Key Features Appreciated Areas for Improvement 

ARTAS System 4.3 Precision in hair restoration 
Requires extensive training 

for use 

Intuitive Surgical System 4.6 Intuitive controls, high resolution Cost and accessibility issues 

Telesurgery Systems 4.2 Remote operation capability 
Network instability in remote 

areas 

Zeus Surgical System 4.5 Excellent precision and control 
High setup time and 

maintenance 

Senhance Surgical System 4.3 
Digital interfaces, ergonomic 

design 

Limited procedure 

compatibility 

 

Discussion: 

Surgeon satisfaction with robotic systems is generally high, with most systems receiving ratings above 4.5 on a 5-point scale. 

Surgeons appreciate the precision and ergonomic design of systems like the da Vinci Surgical System and NeuroArm, 

which enhance both control and visualization during surgery. However, high costs and complex maintenance requirements 

remain a recurring theme. For instance, although the da Vinci Surgical System is favored for its precision, it is still 

considered expensive by many medical institutions, limiting its accessibility. Similarly, the Flex Robotic System, despite 

its advantages in minimally invasive surgeries, has limitations in terms of range and flexibility. 

Table 5: Robotic Surgery’s Impact on Patient Recovery Times 

Surgical Procedure 
Recovery Time 

(Traditional Surgery) 

Recovery Time (Robotic 

Surgery) 
Reduction in Recovery Time 

Prostatectomy 6-8 weeks 2-4 weeks 50% reduction 

Knee Replacement 3-6 months 1-2 months 60% reduction 

Spinal Surgery 2-4 weeks 1-2 weeks 50% reduction 

Cardiac Bypass 6-8 weeks 3-4 weeks 50% reduction 

Hysterectomy 6-8 weeks 2-4 weeks 50% reduction 

Gastric Bypass 4-6 weeks 1-2 weeks 60% reduction 

Colon Resection 3-4 weeks 1-2 weeks 60% reduction 

Hip Replacement 3-6 months 1-2 months 60% reduction 

Kidney Surgery 4-6 weeks 1-2 weeks 60% reduction 

Thyroidectomy 2-4 weeks 1-2 weeks 50% reduction 

 

Discussion: 

One of the most significant benefits of robotic surgery is its impact on recovery times. In many cases, recovery times are 

significantly shortened compared to traditional open surgery. For example, prostatectomy patients recovering from 

traditional surgery often take up to 8 weeks, whereas those undergoing robotic-assisted surgery can return to normal activities 

in just 2 to 4 weeks. Similarly, knee replacements and gastric bypass surgeries see recovery time reductions of up to 60%. 

This shorter recovery period not only improves the quality of life for patients but also reduces healthcare costs associated 
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with prolonged hospital stays and rehabilitation. 

Table 6: Surgeons' Learning Curve for Robotic Surgery Systems 

Robotic System Learning Time (Hours) Surgical Procedure Complexity Learning Success Rate 

da Vinci Surgical System 50-100 High 95% 

MAKOplasty 40-80 Moderate 90% 

NeuroArm 60-120 High 85% 

Renaissance System 50-90 Moderate 90% 

Flex Robotic System 30-60 Low 85% 

ARTAS System 20-40 Low 80% 

Intuitive Surgical System 40-80 High 90% 

Telesurgery Systems 100-200 Very High 75% 

Zeus Surgical System 50-100 Moderate 85% 

Senhance Surgical System 40-70 Low 80% 

 

Discussion: 

The learning curve for robotic surgery systems can vary significantly based on the complexity of the surgical procedure and 

the system being used. High-complexity systems, like the NeuroArm or Telesurgery Systems, often 

require more extensive training, with learning times reaching over 100 hours in some cases. Conversely, simpler systems 

like ARTAS (used for hair restoration) have shorter learning times. However, overall success rates in mastering robotic 

surgery are quite high, with most systems having learning success rates of 80% or more. Continued practice and simulation-

based training are key factors in ensuring surgeons reach optimal proficiency. 

Table 7: Cost Comparison of Robotic vs. Traditional Surgery 

Procedure Cost (Traditional Surgery) Cost (Robotic Surgery) Cost Difference 

Prostatectomy $10,000 $20,000 $10,000 

Knee Replacement $15,000 $30,000 $15,000 

Spinal Surgery $20,000 $40,000 $20,000 

Gastric Bypass $12,000 $25,000 $13,000 

Colon Resection $12,000 $22,000 $10,000 

Hip Replacement $18,000 $35,000 $17,000 

Cardiac Bypass $25,000 $50,000 $25,000 

Hysterectomy $12,000 $22,000 $10,000 

Thyroidectomy $8,000 $18,000 $10,000 

Kidney Surgery $15,000 $30,000 $15,000 
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Discussion: 

Robotic surgeries come with a significant cost premium compared to traditional methods. For example, spinal surgery can 

cost up to $40,000 with robotic assistance, while traditional surgery costs around $20,000. Similarly, knee replacements 

and prostatectomies are also more expensive when performed robotically. This higher upfront cost is one of the major 

barriers to the widespread adoption of robotic surgery. However, when considering long-term benefits such as faster 

recovery times and lower rates of complications, some institutions may find these additional costs justifiable. 

Table 8: Patient Outcomes in Robotic Surgery 

Procedure Outcome (Traditional Surgery) Outcome (Robotic Surgery) Improvement in Outcome 

Prostatectomy 85% success rate 90% success rate 5% improvement 

Knee Replacement 80% satisfaction rate 90% satisfaction rate 10% improvement 

Spinal Surgery 75% success rate 85% success rate 10% improvement 

Cardiac Bypass 80% survival rate 90% survival rate 10% improvement 

Hysterectomy 80% recovery rate 90% recovery rate 10% improvement 

Gastric Bypass 70% success rate 85% success rate 15% improvement 

Colon Resection 75% success rate 85% success rate 10% improvement 

Hip Replacement 80% satisfaction rate 90% satisfaction rate 10% improvement 

Kidney Surgery 75% success rate 85% success rate 10% improvement 

Thyroidectomy 80% success rate 85% success rate 5% improvement 

 

Discussion: 

Robotic surgery has demonstrated improved patient outcomes compared to traditional surgical methods across a wide range 

of procedures. For example, knee replacement patients report a 10% increase in satisfaction with robotic surgery, likely due 

to the system's ability to provide more precise alignment. In gastric bypass surgeries, success rates have increased by 15% 

with the use of robotic systems, possibly due to more accurate cuts and minimized tissue damage. These improved outcomes, 

combined with the reduced recovery time, suggest that robotic surgery holds promise in enhancing patient recovery and 

satisfaction. 

Table 9: Time Efficiency in Robotic vs. Traditional Surgery 

Procedure Time (Traditional Surgery) Time (Robotic Surgery) Time Saved 

Prostatectomy 150 minutes 120 minutes 30 minutes 

Knee Replacement 180 minutes 150 minutes 30 minutes 

Spinal Surgery 250 minutes 200 minutes 50 minutes 

Gastric Bypass 120 minutes 100 minutes 20 minutes 

Colon Resection 180 minutes 150 minutes 30 minutes 

Hip Replacement 210 minutes 180 minutes 30 minutes 

Cardiac Bypass 300 minutes 240 minutes 60 minutes 



Jaswinder Singh, Gaurav Dhiman 
 

pg. 789 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 5s 

 

Procedure Time (Traditional Surgery) Time (Robotic Surgery) Time Saved 

Hysterectomy 120 minutes 100 minutes 20 minutes 

Thyroidectomy 90 minutes 70 minutes 20 minutes 

Kidney Surgery 150 minutes 130 minutes 20 minutes 

 

Discussion: 

Robotic surgery has demonstrated time efficiency in several procedures. Spinal surgeries, for example, show a 50-minute 

reduction in surgical time when using robotic systems, which translates to increased efficiency in the operating room. This 

not only reduces the patient's exposure to anesthesia but also minimizes overall hospital operating costs. Similarly, cardiac 

bypass surgeries are completed faster with robotic assistance, saving an hour of surgery time. These time savings contribute 

to the overall effectiveness and feasibility of robotic surgery, especially in busy medical settings. 

Table 10: Patient Satisfaction and Post-Operative Pain in Robotic Surgery 

Procedure 
Patient Satisfaction 

(Traditional Surgery) 

Patient Satisfaction 

(Robotic Surgery) 

Post-Operative Pain 

(Traditional Surgery) 

Post-Operative Pain 

(Robotic Surgery) 

Prostatectomy 75% 90% High Low 

Knee Replacement 70% 85% Moderate Low 

Spinal Surgery 65% 80% High Moderate 

Gastric Bypass 60% 80% High Moderate 

Colon Resection 70% 85% Moderate Low 

Hip Replacement 75% 85% Moderate Low 

Cardiac Bypass 65% 80% High Moderate 

Hysterectomy 70% 85% Moderate Low 

Thyroidectomy 80% 90% Low Low 

Kidney Surgery 75% 85% Moderate Low 

 

Discussion: 

Patient satisfaction and post-operative pain are notably better with robotic surgery across a variety of procedures. For 

example, prostatectomy patients experience significantly less pain post-operatively when robotic surgery is used, leading 

to a higher level of satisfaction. Similarly, knee and hip replacement patients report lower levels of pain with robotic 

surgery. The precision and minimally invasive nature of robotic surgery are key factors in reducing trauma to surrounding 

tissues, leading to a quicker recovery and less pain. These improvements in post-operative recovery further encourage the 

adoption of robotic surgical techniques in modern medicine. 

6. CONCLUSION 

Robotic surgery and autonomous systems represent a new era in medical technology, with the potential to revolutionize the 

way surgeries are performed, improve patient outcomes, and enhance the efficiency of healthcare systems. While challenges 

remain, particularly in terms of cost, training, and ethical considerations, the ongoing development and refinement of these 

technologies will continue to shape the future of surgery. As AI and robotics evolve, autonomous systems will play an 

increasingly important role in reducing human error, enhancing surgical precision, and democratizing access to high-quality 

healthcare. The future of robotic surgery and autonomous systems is bright, and as these technologies continue to advance, 
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they promise to significantly improve the landscape of modern medicine. 
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