
013

https://dx.doi.org/10.17352/acmphDOI: 2455-5479ISSN: https://dx.doi.org/10.17352/acmphDOI: 2455-5479ISSN: https://dx.doi.org/10.17352/acmphDOI: 2455-5479ISSN: https://dx.doi.org/10.17352/acmphDOI: 2455-5479ISSN: 

Citation: Aisha S. Next-Gen Surgery: AI Robots Leading the Way in Healthcare. Arch Community Med Public Health. 2024;10(4): 013-017.  
Available from: https://dx.doi.org/10.17352/2455-5479.000210

Abstract

As human generations evolve, medical science and engineering have developed, and robotics 
have become an integral part of medicine from administrative duties to surgical procedures. In medical 
procedures, robotic systems support and enhance the accuracy and agility of human surgeons. This 
method is known as robotic surgery or robotic-assisted surgery (RAS). In the public health fi eld, RAS plays 
an essential role due to its ability to improve surgical precision, lessen patient discomfort following surgery, 
and shorten hospital stays. In spite of the systems not being entirely self-contained, skilled surgeons use 
a console and specialized instruments to perform procedures that are more accurate and less invasive. 
Robots can help provide healthcare services such as monitoring vital signs, administering medications, 
and providing emotional support. The use of AI with robotics in healthcare has shown a remarkable rise in 
the past few years, particularly in rural India with limited access to healthcare providers and limited health 
resources.   Urban and rural hospitals across the country can use artifi cial intelligence to manage tasks 
like surgery assistance, streamlining hospital logistics, and organizing routine checkups. The following 
considerations are the main causes of a surge in robotic help in the healthcare sector: (a) robots are 
hardworking; (b) they can withstand stress; (c) their grasping abilities; (d) they can do precise surgeries; and 
(e) they are capable of performing repetitive jobs. The present discourse delves into a few medical robotics 
applications, discussing their advantages, disadvantages, and possible avenues for future research and 
development.
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Introduction

The realm of robotics is expanding quickly and piques 
the interest of academics worldwide as well as the general 
public. Robots may now do a wide range of everyday chores, 
including cleaning and manufacturing, thanks to technological 
breakthroughs. Science fi ction author Isaac Asimov is credited 
with coining the word "robotics." Since then, computer science, 
engineering, and mathematics have all become included in the 
multifaceted area of robotics [1]. The integration of robotic 
technology into surgical practices has brought about numerous 
benefi ts when compared to conventional procedures. These 
advantages include minimizing tissue damage, lowering the 
body's infl ammatory response, shortening both hospital stays 
and recovery periods, as well as decreasing post-operative pain 
and discomfort [2]. Over the past few years, robot surgery has 
grown exponentially with a great deal of success, and Figure 

Figure 1: Flowchart of AI Surgical Robots with Applications.
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decision-making is improved and overall operative 
effi cacy is increased with the inclusion of AI.

6. Minimizing surgeon fatigue: By offering solid 
placement and spinal support, surgical robots can 
lessen the wear and tear on surgeons during extended 
procedures. The strain placed on the surgeon's body is 
reduced by enabling them to manipulate robotic arms 
from a comfortable console. In the end, this feature can 
improve patient care by strengthening the surgeon's 
endurance and concentration during protracted 
surgeries.

7. Training and skill development: Surgical robots are 
useful resources for teaching doctors cutting-edge 
surgical methods and techniques. They provide a safe 
and regulated facility that allows surgeons to hone their 
abilities and become profi cient in the use of cutting-
edge surgical technologies. Surgical robots are included 
in training programs to improve surgical education 
and encourage healthcare personnel to continuously 
improve their skills.

Role of AI in improving patient outcomes

AI integration in surgical robots is poised to signifi cantly 
improve patient outcomes across various metrics. Reduced 
complications and errors in surgical procedures contribute to 
better post-operative recovery and overall patient satisfaction. 
The implementation of AI-driven surgical systems enables 
faster recovery times and enhanced post-operative care, 
ultimately leading to improved patient outcomes and quality 
of life.

Addressing global healthcare disparities

AI-powered surgical robots hold the potential to address 
global healthcare disparities through tele-surgery and remote 
healthcare initiatives. By leveraging AI-assisted surgical 
interventions, particularly in underserved regions with limited 
access to specialized surgical care, the reach of advanced medical 
procedures can be extended. This has the potential to mitigate 
geographical disparities in healthcare access and enhance the 
quality of care provided to underserved populations [6] . 

Table 1 provides an expanded view of the capabilities, typical 
applications, and features of various AI surgical robots used 
in a range of surgical procedures [7]. Each robot has specifi c 
strengths that enhance surgical precision, minimally invasive 
techniques, and overall patient outcomes [8]

Potential risks and ethical considerations

While AI integration in surgical robots holds great promise, 
it also raises potential risks and ethical considerations. Patient 
safety concerns, including the possibility of algorithmic errors 
and technical malfunctions, must be rigorously addressed 
[9]. Moreover, the ethical implications of data privacy and 
security in handling patient information within AI-powered 
surgical systems require careful consideration. Additionally, 
the interaction between surgeons and AI in decision-making 

1 summarizes the main clinical applications where surgical 
robots have been used.

This fl owchart visually organizes the applications of AI 
surgical robots into various medical specialties, outlining 
specifi c surgical procedures performed within each fi eld [3]. 
This structured approach helps in understanding the diverse 
functions and benefi ts of robotic surgery across different 
medical disciplines. 

A question arises here: Is it necessary for surgeons 
to be replaced by robots?

Throughout many facets of surgical operations, surgical 
robots are an invaluable tool that assists physicians. Surgical 
robots can complement and assist human surgeons in the 
following ways, for example:

1. Precision and accuracy: When performing intricate 
surgical procedures, surgical robots provide unmatched 
precision and accuracy. They are able to execute 
complex movements with remarkable stability and 
control that might be diffi cult for human hands to do 
alone. This accuracy lowers the possibility of mistakes 
and improves surgical results by enabling the surgeon 
to execute sensitive operations with more accuracy [4].

2. Minimally invasive surgery: With the use of robotic 
arms fi tted with tailored instruments and sensors, 
surgeons may perform minimally invasive surgeries 
through tiny incisions. This method lessens blood loss, 
speeds up the patient's recuperation, and causes less 
physical harm to the body. Robotic technologies aid 
surgeons in accurate motions and enhanced navigation 
of restricted places [5] .

3. Extension of reach and fl exibility: Surgical robots have 
movable arms that enable them to access parts of the 
body that may be diffi cult for humans to reach. Surgeons 
can more easily navigate tight places and complete 
complex procedures because of the fl exibility of robotic 
arms. This longer reach allows for more accurate 
motions during surgery and improves the surgeon's 
ability to work in diffi cult morphological regions.

4. Improved visibility: High-resolution optics on robots 
that operate offer up close, enlarged views of the 
operative site. With the help of this improved visibility, 
surgeons can clearly notice minute details and make 
deft decisions when performing surgery. Robotic 
devices enable surgeons to perform surgeries more 
accurately and effi ciently by providing a close-up view 
of the surgical fi eld.

5. Enhanced decision support: During operations, 
surgeons can receive assistance with decisions from 
AI-driven surgical robots that evaluate data that is 
constantly updated including imaging results, patient 
data, and vital signs. This aids in the decision-making 
process for surgeons, optimizes surgical methods, and 
guarantees the greatest results for patients. Surgeon 
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processes raises ethical concerns regarding the delegation of 
responsibilities and maintaining human oversight in medical 
procedures.

Challenges in adoption

The adoption of AI in surgical robots presents several 
challenges. Surgeon training and acceptance of AI-assisted 
procedures require concerted efforts to ensure seamless 
integration and user acceptance. Regulatory hurdles related 
to the approval and standardization of AI-powered surgical 
systems necessitate clear guidelines and standards to 
ensure patient safety and effi cacy [10]. Additionally, the cost 
considerations of integrating AI into surgical robots may pose 
barriers to widespread adoption, requiring a balance between 
technological advancement and economic feasibility.

AI's role in reducing surgical errors

The integration of AI into surgical procedures has 
dramatically reduced the likelihood of human errors. Here's 
how:

Say goodbye to shaky hands: AI-powered robots offer 
a steady hand, minimizing the risk of slips, tremors, and 
accidental tissue damage.

No more misreading images: AI can analyze medical 
images with incredible precision, reducing the chance of 
misdiagnosing conditions.

A helping hand in the operating room: AI can guide 
surgeons through procedures step-by-step, ensuring they 
follow the correct sequence and avoid mistakes.

Fewer foreign objects left behind: AI systems can detect and 

alert surgeons to any forgotten tools or materials, preventing 
potentially serious complications.

How much has it improved?

While it's hard to quantify the exact reduction in errors, 
studies show that AI has made a signifi cant impact. It's like 
having a highly skilled assistant in the operating room, helping 
to prevent mistakes and ensure the best possible outcomes for 
patients.

However, it's important to remember that AI is not a 
magic bullet. Human oversight remains crucial to ensure that 
AI systems are used effectively and that potential errors are 
caught.

Potential harms of malfunctioning AI in telemedicine

AI is increasingly integrated into telemedicine systems, 
offering benefi ts like improved diagnosis, remote monitoring, 
and personalized treatment plans. However, the potential for 
harm also exists, especially if the AI malfunctions [11].

Here are some potential risks:

• Misdiagnosis: AI algorithms, if trained on biased or 
incomplete data, could misdiagnose patients, leading to 
incorrect treatments or delays in care.

• Privacy breaches: AI systems that handle sensitive 
patient data could be vulnerable to cyberattacks, 
resulting in data breaches and identity theft.

• Algorithmic bias: If AI algorithms are trained on biased 
data, they could perpetuate existing health disparities, 
leading to unequal access to care.

Table 1: Applications, and features of various AI surgical robots.
AI Surgical Robot Surgery Type Common Procedures Key Features

 Da Vinci Surgical System Minimally Invasive Surgery
Robotic-assisted laparoscopic 

prostatectomy
High-defi nition 3D vision

    - Robotic hysterectomy
EndoWrist instruments with 360-degree 

motion
    Cardiac valve repair  Intuitive control system

MAKO Surgical Robot Orthopedic Surgery Total knee arthroplasty 3D imaging and planning
    Total hip replacement Robotic-arm assistance for precision
    Partial knee resurfacing Real-time feedback during the procedure

ROS (Robotic Surgical System) Versius 
Surgical System

General Surgery Laparoscopic cholecystectomy
-Versatile platform for various laparoscopic 

procedures

    Colorectal surgeries (e.g., colectomy)
 Integration with traditional laparoscopic 

tools

Versius Surgical System General and Gynecological Surgery
- Robotic-assisted laparoscopic 

hysterectomy 
Modular design with independent arms

    Myomectomy (fi broid removal) Enhanced visualization and dexterity
 CyberKnife Radiation Surgery Stereotactic radiosurgery for brain tumors Real-time tumor tracking

   
Treatment of lung, prostate, and spinal 

tumors
Non-invasive with high precision

Senhance Surgical System General Surgery Laparoscopic inguinal hernia repair Haptic feedback for enhanced surgical feel

    Gastric sleeve surgery
Digital eye, integrating imaging during 

surgery

 Hugo Surgical Robot General and Bariatric Surgery Laparoscopic gastric bypass
Cloud-enabled platform for remote 

assistance
   Cholecystectomy   AI integration for process improvement
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• Lack of human oversight: Overreliance on AI without 
suffi cient human oversight could lead to errors that go 
undetected, potentially harming patients.

• Countermeasures and precautions: To mitigate these 
risks, several countermeasures and precautions can be 
taken:

• Robust data quality: Ensure that the data used to train 
AI algorithms is accurate, diverse, and representative of 
the population it will serve.

• Regular auditing and testing: Conduct regular audits 
and testing of AI systems to identify and address 
potential biases or errors.

• Human oversight: Maintain a strong human presence 
in the telemedicine process to provide oversight and 
intervention when necessary.

• Strong cybersecurity measures: Implement robust 
cybersecurity measures to protect patient data and 
prevent unauthorized access.

• Ethical guidelines: Develop and adhere to ethical 
guidelines for AI development and use in healthcare, 
including principles like transparency, accountability, 
and fairness.

• Continuous learning and improvement: Invest in 
ongoing research and development to improve AI 
algorithms and address emerging challenges [12].

Future prospects and transformative potential

The future of surgical robots with AI holds transformative 
potential for the fi eld of surgery. Continued advancements in AI 
capabilities, coupled with ongoing research and development, 
are expected to further refi ne the integration of AI in surgical 
robots. Collaboration between AI and human surgeons is 
likely to evolve, with the potential for AI systems to serve as 
sophisticated surgical assistants, augmenting the skills and 
expertise of human practitioners [13-15]. As AI continues to 
advance, the potential for AI-powered surgical interventions 
to become more prevalent across a wide range of procedures 
is promising, with signifi cant implications for the future of 
healthcare.

Conclusion

The integration of AI in surgical robots represents 
a monumental step forward in the evolution of surgical 
procedures while presenting numerous benefi ts and 
transformative potential.

• AI surgical robots are revolutionizing healthcare by 
providing unparalleled accuracy and reducing the risk 
of human error.

• The integration of AI enhances decision-making, 
allowing surgeons to make more informed choices 
during procedures.

• These robots have the potential to bridge the gap in 
healthcare access, especially in remote or underserved 
areas.

• While challenges exist, the future of AI surgical robots 
is bright, promising advancements that will further 
improve patient outcomes.

AI surgical robots represent a powerful tool that can 
transform the way we approach surgery. By embracing this 
technology responsibly, we can create a future where patients 
benefi t from more precise, safer, and more accessible care.
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