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Abstract. With the advancement of technology, robots have demonstrated promising 
development prospects across various industries. Among these, medical robots are 
particularly significant as they directly relate to human health and safety. This paper 
primarily investigates the current advantages, limitations, and future development 
prospects of minimally invasive surgical robots. It places special emphasis on a 
comparative analysis with traditional surgery. The results indicate that minimally invasive 
surgical robots can reduce surgical risks, enable smaller incisions, and facilitate shorter 
patient recovery times. 
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1 Introduction 

Due to the growing audience around robotic systems and their introduction into surgeries 
alongside the fast-growing technological advancements that affect modern healthcare, these 
machine-based techniques have gained more attention. The position of minimally invasive 
surgical robots is firmly on top, dealing with the fact that it cuts the time of recovery of a patient 
with fewer risks, both at the time and post-operatively, in comparison to conventional invasive 
surgery. 

Although robotic systems involve various devices, the scientific rule in this technology needs 
to be thoroughly investigated, as it is a combination of all hardware platforms as well as 
intelligent algorithms, regulatory mechanisms, which are vital for the effectiveness. Intelligent 
robotic systems are capable of working with core competencies such as real-time data 
processing and adaptive control; these are essential to the entire system. Furthermore, the more 
deep-seated initiatives of sustainability and responsibility, alongside onsite presence, should be 
embraced as well as offshore ones. The use of robotic systems in surgeries had always brought 
great fear of the negative aspects, like staff termination, causing a small force. Humanizing 
automation in surgery is a balancing act for all of us to achieve a well-regarded robotic surgery 
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procedure. This article mainly discusses the advantages of minimally invasive surgical robots 
over traditional surgery, as well as their current shortcomings and future development trends. 

2 Advantages of minimally invasive surgical robots 

The application of robotic technology has truly been revolutionary, more so in carrying out 
minimally invasive surgery. Robotic surgical machines like the da Vinci surgical systems 
improve the ability of the surgeon by providing a wider surgical angle and dexterity to perform 
complex surgical operations with a higher degree of accuracy. For example, from these 
machines, there is a 50% reduction in the average threshold of lost blood, and practically 
immediate discharges of the patient are made, compared to days of recovery in the traditional 
surgical intervention. Moreover, surgeons now have access to the 3D robotic vision that 
increases elucidation of the targeted organs, which becomes important in dealing with delicate 
organs. Although there are currently some troubles, like the high costs of performing robotic 
surgery and the requirement of specialization and expertise, the future is surely bright with many 
robotic surgery innovations expected to be realized [1, 2]. 

3 Quantitative data demonstrating enhanced surgical precision and 
recovery time 

Robots designed for minimally invasive surgical procedures in the modern era have been shown 
to have a variety of notable impacts, especially concerning the accuracy and duration of 
surgeries. A study has indicated that the robotic systems' capacity for fine-tuning joint and other 
anatomical components' positioning has led to a decrease in the number of postoperative 
complications and a tolerable recovery time. Especially, robotic-assisted minimally invasive 
surgery brought about a cut of 30% in the length of hospital stay [3]. In addition, such techniques 
can be individually tailored to consider patients' unique anatomical structures and offer higher 
efficacy and safety of the interventions. On the other hand, it should not be ignored that robotic 
systems require a considerably high investment and programming knowledge, and this prompts 
the improvement of the available technology [4]. 

4 Introduction of minimally invasive surgical robots  

The realm of minimal, invasive, surgical robotics consists of the high-tech devices associated 
with correct surgery procedures and less damage to the tissues being intervened on. The different 
types of robotic systems can be classified into two principal categories: robotic-assisted surgery 
and autonomous surgical robots, and they all have different similarities and differences, like 
their semi- or fully-automatic levels. Robotic-assisted surgery is the most widely used 
technology in clinical practice. The essence is to be a “super tool” for doctors, not widely used 
as a substitute for doctors. The doctor sits in a console far away from the operating table, and 
through the operation handle and the foot pedal, he transmits the hand movement information 
in real time and accurately to the robotic arm beside the operating table. The surgical instrument 
attached to the robotic arm will flexibly simulate the doctor’s movements in a one-to-one way, 
completing the actions of cutting, sewing, and hemostasis. Autonomous surgical robot is the 



 
 
 
 

advanced direction of surgical robot development, which means that by integrating artificial 
intelligence (AI), computer vision, motion control, and other technologies, autonomous surgical 
robots can autonomously complete some or all of the surgical tasks. From “tool” to “RoboAid” 
to the basic “surgeon”. Autonomous surgical robots can automatically complete some surgical 
tasks without the need for doctors to be present on-site, which can complete the corresponding 
sequence of procedures according to pre-configured programs and during intraoperative 
perception. The way for doctors has changed from “doing” to “arranging” and “intervening”. 

Various nomenclatures abound in robotics, like teleoperation, autonomous, and shared control 
of robotic surgery systems. One aspect that these systems incorporate in their design is to modify 
the surgical environment in an integrated manner, that is, enhancing surgical systems and 
automatically providing patient safety. These systems are also typically characterized by an 
ergonomic control method and various algorithms, as opposed to the conventional method of 
palpation by a surgeon; however, the surgical systems are programmed to respond to their case 
in relation to these restricted movements. 

5 Background and literature review 

Surgical robotic technology is now entering robotic medicine, which is revolutionary given its 
wide application range used in minimally invasive surgical procedures. When it comes to 
robotic technology, evolution needs to consider the distinctions between existing invasive 
surgical equipment, like laparoscopic surgical devices, and surgical robots, the sophistication, 
and so forth, until they end up as fundamentally complete and well-designed components for a 
clinical setting. The system successfully incorporates the fundamentals of these systems 
together with the use of precision algorithms and new types of control systems typified by the 
Smart Surgery System. It has not only raised the possibilities of robotic surgical assistants being 
regularly employed, but also through what is known as the "Morbidity" principle that is 
prevalent among critical transplant cases. There is no denying that it is an unavoidable 
recommendation with absolute relevance concerning incident records to say that of Dieter C. 
Bröering et al. [5]. Among those designs, which show AR motion tracking, is the advantage in 
areas where the surgeon can use AR for his sustainable practices and for the benefit of surgical 
operations, according to Avrumova et al. [6]. In the territory section of surgical robotics, there 
is a lot to precisely pinpoint it down when the doctors help patients in their dilemma with the 
ethics of the new vaccine, hypervaccine. Changing paradigms of modern surgery Robots have 
received a huge update through minimally invasive surgical procedures, and the future of 
surgery largely depends on technological evolution. In particular, the leading companies such 
as the Da Vinci Surgical System and the recently developed LeonardiRasa’s Midsize surgical 
system are among the innovators who create technologies for this fast-moving field. One of the 
most sensational devices embracing the possible future of this procedure rather than this 
profession is the Da Vinci surgical system, which symbolizes high dexterity performance as 
well as the implementation of complex tasks, such as finding surgical instruments which plays 
a paramount role in minimal surgeries. The next surgical system is Hugo RAS of CMR Surgical, 
which holds the bling with the latest technology that allows multi-carrier functionality amongst 
many applications such as urology, gynecology, and general surgery [7]. People could find this 
sophisticated move to be much faster, as for now, this was covered with millions of technology 



 
 
 
 

studies and researchers having the difficult assignment to provide more sustainable and 
responsible surgical robots with no uncompromised impact on the environment. 

6 Types of robotic systems used in minimally invasive surgery 

Table 1. Key aspects and capabilities of surgical robotics 

System Name Applications 

da Vinci Surgical System Urology, gynecology, cardiothoracic surgery 

ROSA Surgical System Neurosurgery, orthopedic surgeries 

Mako Surgical System Orthopedic surgeries, particularly knee and hip 
replacements 

Zeus Surgical System General and thoracic surgeries 

Medtronic Hugo General surgery, urology, and gynecology 

The development of surgical robots is an elaborate process, an aggregate of factors and features, 
extraordinarily enhancing the performance of minimal invasive surgery (Table 1). Centralizing 
around these improvements, the advanced robotic machines, equipped with refined algorithms, 
hardcore designs, and smart systems is the enhancements brought by machine learning to 
improve the surgical methodology, also predicting technical complexities, this will in the end 
ameliorate the operating room to work more efficiently and safely. Moreover, synthesizing the 
latest imaging systems facilitating real-time monitoring during surgery, this is one of the major 
aspects for application in intimate anatomical pathways. Furthermore, as it has been discussed 
in the recent discussion of the impact of surgical robots, today’s technological devices are 
starting to adapt to the new rules of environmental sustainability and ethics require them to 
guarantee minimum environmental impact and bring maximum results [8]. As the 
transformation of these high-end technologies takes place even further, the surgery robots brand, 
aside from efficiency devices, has and will further explore the sociological impact and 
accessibility of high-tech to the masses [9]. 

7 Comparison of traditional surgery vs robotic-assisted surgery 

The progression of therapeutic modalities has been such that there is a great surge for robotic-
assistance techniques that supersedes traditional surgery in terms of dexterity and robustness. 
The comparison shows that the rate of postoperative pain, duration of recovery, and significantly 
lower percentage of complication cases favor this method for tedious interventions in both 
gynecologic and colorectal surgical procedures. Traditional surgical interventions have a 
significantly larger size of wounds inflicted, with a longer duration of recovery when compared 
to robotic-assisted surgery techniques, which negatively impact patient outcomes. The recent 
update of the surgical guidelines, as shown in NCCN Guidelines [10, 11] on the different 
straightforward and specific procedure points on interventions, is in line with the current need 
for technological methodology of intervention concerning the different oncological diseases of 
the rectal and ovarian cancers. With this robotic surgical technique progression in controlling 



 
 
 
 

methods as well as the hardware devices they affect, the guidelines to these medical 
interventions are going to change, as an absolute minimum is to be achieved from the technical, 
as well as patient care needs, standpoint. 

8 Shortcoming 

The potential of minimally invasive surgical robotics is improved patient outcomes and 
drastically reduced recovery time; however, there are many obstacles to implementation. Depth 
perception and movement have proven to be difficult to achieve with the current technology, 
for instance, while strides have been made in automatization and machine learning, there are 
still crucial obstacles in continuum robotics[12]. The costs of equipment, on the other hand, 
combined with the challenges of such technology being regulated by law, are large barriers to it 
being available. Future innovation should focus on the advancement of soft robotics’ functional 
capabilities, as well as developing the interconnectivity of the systems to improve surgical 
potential. These changes will, at the very least, address the previously mentioned obstacles and 
potentially allow the many other benefits to improve patient care on a larger scale[13]. 

9 Future development  

With the introduction of Mininimally Invasive Surgecal Robots, there is a strong potential for 
improving surgical outcomes with promising evidence of decreasing post-operative recovery 
time and length of stay by up to 30% compared to the standard procedure. Nevertheless, some 
challenges with the current technology are the limited articulations and feedbacks that may 
affect the surgeon’s representation of the sense of touch to maneuver in a 3-dimensional space. 
The development in the field of robotics combined with future technologies such as AI may 
create a breakthrough change. AI has the potential to enhance surgical decision making process, 
as denoted by [14], with the increased capacity to draw insights from the data with the range of 
the surgeon’s versatility to adapt to a patient’s anatomical challenge. Furthermore, the 
incorporation of newer technology, such as the Metaverse, in training and procedure may lead 
to higher accuracy due to realistic simulations on [15]. Steps to the solution will require 
innovative optimizations to malleable surgical robots for a new generation. 

10 Conclusion 

In conclusion, robotic-assisted minimally invasive surgery represents a transformative 
advancement in modern medicine, offering enhanced precision, reduced recovery times, and 
improved patient outcomes across various surgical specialties. Systems such as da Vinci, ROSA, 
and Mako have demonstrated significant clinical benefits, particularly in urology, orthopedics, 
and gynecology. Despite these advancements, challenges remain, including high costs, 
regulatory hurdles, and technological limitations in tactile feedback and continuum robotics. 
Future innovations, particularly the integration of artificial intelligence and immersive 
technologies like the Metaverse, hold promise for overcoming these barriers. Continued 
research and development are essential to ensure broader accessibility, ethical integration, and 
sustained improvement in surgical care worldwide. 
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