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Abstract: Over the past four decades, the field of medical robotics has achieved remarkable advancements, revolutionizing various medical 

disciplines. The widespread adoption of robotic platforms across various medical disciplines has been remarkable. Currently, these devices 

play a crucial role in performing minimally invasive surgical procedures with enhanced precision, resulting in reduced hospitalization 

and increased safety for physicians. Beyond surgical applications, medical robots are increasingly proving their worth in performing routine 

tasks, thereby enabling less invasive and more informative diagnostic and therapeutic procedures. Furthermore, the integration of artificial 

intelligence (AI) holds great promise for developing new systems with higher autonomy levels and improving existing ones. This paper 

describes a short view on history of the development of robotics from the beginning to the current state along with a brief outline 

of the future direction of development of medical robotics. At first describes the process of development from the first medical robotic device 

prototype to the modern minimally invasive surgical devices currently used in medical practice. Then it presents expansion of robotics into 

other medical fields, including ophthalmology, gastroenterology, cardiology and cardiac surgery, physiotherapy, or radiology. Finally, 

it describes some perspectives for future development in medical robotics, as well as the obstacles, that need to be overcome to improve 

the efficiency and level of autonomy, in the systems.  
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1. Introduction 

The concept of robot dates back to 1921, when Czech writer 

Karel Čapek introduced it in his play, inspired by the Czech word 

"robot" meaning forced labour [1]. Initially confined to industry, 

robotics has expanded into various sectors, including medicine, 

driven by the automation and efficiency principles 

of Industry 4.0 [2]. 

Over the past 35 years, robots have been pivotal in aiding 

surgeons during minimally invasive procedures, leading 

to enhanced patient outcomes. However, the origins of medical 

robotics extend further, with the initial concept emerging over 

60 years ago in the military. During this period, robots were used 

to monitor vital signs and prevent hemorrhagic shock in the critical 

"golden hour" after injury [1]. This article explores the evolution 

of robotics in medicine, its current applications across diverse 

medical fields, and the most promising areas for future 

advancements.  

2. History of Robotics in Medicine 

The field of surgical robotics has a remarkable history marked 

by significant milestones. In 1985, the introduction 

of the Programmable Universal Machine for Assembly (PUMA) 

started a new era, facilitating delicate biopsies within neurosurgery 

and subsequently expanding its applications to other disciplines 

such as urology and gynecology [3]. Building upon PUMA's 

success, 1992 witnessed the debut of Robodoc, a pioneering image-

guided system tailored for orthopedic surgeries. Robodoc 

transformed orthopedic surgery by offering high accuracy, 

particularly for procedures involving intricate bone work [4]. 

Furthermore, in 1994, the Automated Endoscopic System for 

Optimal Positioning (AESOP) was introduced. This system 

revolutionized endoscopic procedures with its innovative 

integration of voice control technology. This groundbreaking 

platform eliminated the need for foot pedals traditionally used for 

remote control, significantly enhancing surgeon dexterity and 

control during minimally invasive surgeries [1]. 

Introduced in 1998, the ZEUS system revolutionized the field 

of telepresence surgery with its innovative design. It consisted 

of three independently mounted arms on the surgical table, two 

of which could hold various surgical instruments, the ZEUS system 

offered unparalleled flexibility and control for surgeons. Its impact 

transcended various surgical disciplines, initially finding utility 

in gynecological procedures, and later expanding to complex 

cardiac surgeries [1]. Notably, it played a pivotal role in "Operation 

Lindberg", the transatlantic surgery conducted in 2001. This 

groundbreaking operation utilized a telecollaboration system called 

SOCRATES, enabling a surgeon in New York to perform 

the procedure on a patient hospitalized in Strasbourg, France [5]. 

Although ZEUS was not the pioneering effort in telepresence 

surgery, earlier systems like Intuitive Surgical "Lenny" and "Mona" 

paved the way for its development. However, it was the ZEUS 

system's advanced capabilities and successful implementation 

in complex surgeries like Operation Lindberg that proved its status 

as a major milestone in telepresence surgery [1, 6]. 

The turn of the millennium was a significant moment 

for medical robotics, mainly due to the Da Vinci Surgical System. 

This period, often referred to as the "da Vinci era", brought 

a revolution in minimally invasive surgery. Even though the first Da 

Vinci model was commercially available in late 1998, it did not get 

FDA approval until 2000. Before the Da Vinci system, there were 

projects like DARPA at Stanford Research Institute trying to make 

remote-controlled surgery a reality, getting surgeons closer to where 

they were needed. However, the Da Vinci was a game-changer 

with its three key parts: a patient cart, a surgeon console, 

and an imaging system. These components enabled surgeons 

to concentrate more effectively during procedures, thus minimizing 

their fatigue [1]. 

One of the groundbreaking features of the Da Vinci system was 

its 3D endoscope equipped with an advanced optical system. This 

innovation eliminated the need for 3D glasses, delivering a truly 

immersive 3D experience for surgeons. Recognizing the challenge 

posed by hand tremors, a four-armed version of the Da Vinci was 

introduced in 2002. This not only improved dexterity but also 

preserved the surgeon's energy. The company's dedication 

to ongoing enhancement led to the release of the da Vinci S in 2006, 

which offered a significant upgrade with 3D high-definition (HD) 

camera vision among other benefits. Subsequent iterations included 

the improved da Vinci Si model in 2009, which introduced 

the concept of dual console surgery, facilitating supervised training 

for less experienced surgeons [1]. 

Other improvements included real-time fluorescence imaging 

and access to single-port surgery, which tackled the shortcomings 

of traditional laparoscopic procedures. The peak of this progress 

came with the da Vinci Xi, revealed in 2014 (Fig. 1). This system 

tackled many of the remaining issues regarding patient positioning 

and robotic arms, while also introducing new technologies that keep 

pushing the boundaries of robotic surgery [1]. 
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Fig. 1 The da Vinci Xi Model - Surgeon Console [1] 

3. Key Applications of Robotics in Modern Medical 

Practice 

The current state of medical robotics showcases advancements, 

highlighting its potential to revolutionize healthcare. Its impact 

spans beyond surgery permeating various specialized areas 

within internal medicine and expanding its utility to broader aspects 

of healthcare delivery. 

The da Vinci Xi surgical system addresses many limitations 

of previous models, particularly those related to patient access 

and instrument manipulation. This advanced platform has several 

upgrades that enhance robotic surgery. With improved instrument 

design and vision, the system offers advanced instrumentation, 

superior 3D-HD visualization with high magnification, 

and an immersive viewing experience. This allows surgeons greater 

control over the 8mm endoscope for precise maneuvering. 

Enhanced Dexterity and Flexibility are offered by redesigned 

robotic arms, which provide a wider internal range of motion, 

improving access to the surgical site and minimizing external arm 

collisions during operation. All the technologies are integrated 

for optimized workflow [1]. 

The da Vinci Xi integrates FireFly fluorescence imaging, which 

aids surgeons in real-time decision-making during procedures. 

Additionally, the In-table Motion (ITM) feature enables dynamic 

patient repositioning throughout the surgery. Streamlined workflow 

is provided by designed entry ports (robotic arms) and improved 

robotic stapling to further enhance surgical efficiency [1]. Robotic-

assisted surgery is rapidly gaining traction due to its ability 

to overcome the inherent limitations of traditional laparoscopy. This 

technology has demonstrably proven significant benefits in various 

surgical fields, particularly visceral surgery, urology, and colorectal 

surgery [7, 8].  

Robotic-assisted surgery with the da Vinci system has 

revolutionized minimally invasive procedures. Compared 

to traditional laparoscopy, it offers advantages for complex 

abdominal wall reconstruction during hernia operations. Similarly, 

in gynecology, it proves beneficial for technically demanding 

surgeries, such as specific cancer and endometriosis treatments. 

The evolution continues with the da Vinci Single-Port (SP) 

platform, FDA-approved in 2018 for urological applications. This 

innovative platform allows surgeons to perform complex urologic 

procedures through a single incision, potentially leading 

to improved cosmesis, reduced pain, and faster recovery 

for patients [1]. 

While the da Vinci system dominates the robotic-assisted 

surgery market, several companies are developing competing 

technologies. Transenterix's Senhance platform offers features like 

enhanced ergonomics and haptic feedback for surgeons. REVO-I 

surgical system, developed by Meere Company South Korea 

and approved by the Korean FDA, seeks a very cost-effective 

model [1, 10]. The other such contender is Titan Medical's SPORT 

(Single Port Orifice Robotic Technology) system, in 2020 

rebranded to the Enos system currently under development [9, 10]. 

In addition to established players, several companies such as Auris 

Surgical Robotics, Silicon Valley, CA, USA (with their Monarch 

system), Cambridge Medical Robotics (Versius), MiroSurge, 

and Avatera Robotics GmbH (Avatera Surgical System) are also 

actively engaged in the development of robotic surgery 

platforms [10]. 

The future of robotic-assisted surgery lies in enhancing 

the surgeon's experience and optimizing patient outcomes. 

Companies are actively developing improved human-machine 

interfaces (HMIs) to prioritize surgeon comfort, safety, 

and decision-making during procedures. This includes the exciting 

integration of modern technologies and Artificial Intelligence (AI). 

AI has the potential to provide surgeons with richer data 

from the operating field, potentially leading to more informed 

decisions and improved surgical outcomes [10]. 

3.1 Ophthalmology 

Ophthalmology, particularly ophthalmic surgery, is emerging 

as another field embracing robotic and cybersurgical techniques. 

While this technology is a recent addition to the field, several 

platforms are already making an impact. Existing robotic systems, 

like the da Vinci system, are being adapted for microsurgical steps 

like sclerotomy, the Intraocular Robotic Interventional Surgical 

System (IRISS) assists with various ocular procedures like 

capsulorhexis and vitrectomies, the Johns Hopkins Steady-Hand 

Eye Robot offers shared control of surgical instruments during 

posterior segment surgeries. Advanced smart instruments are being 

developed to enhance technical performance and minimize surgical 

complications. While not yet integrated into ophthalmology, 

cybersurgery remains a prominent subject of discussion 

and research. Several projects are underway to develop miniaturized 

surgical robotic prototypes for potential future applications [11]. 

3.2 Gastroenterology 

In gastroenterology, endoscopy has long been the standard 

for visualizing the digestive tract. However, capsule endoscopy has 

emerged as a less invasive alternative. These pill-sized cameras 

offer a convenient way to examine the gastrointestinal (GI) tract. 

Numerous companies, such as Medtronic (PhillCam series), 

Olympus (EndoCapsule), and Intro-Medic (MiroCam), now 

produce capsule endoscopes. The future lies in capsule robotics, 

which takes capsule endoscopy a step further. These advanced 

capsules go beyond diagnosis, potentially offering therapeutic 

capabilities. The following sentences offer a glimpse 

into the potential of capsule robots. Sensing Capsules can gather 

various data within the GI tract, including temperature, pH levels, 

and potential signs of cancer or bleeding. Targeted Drug Delivery 

can be managed by microcapsules like SOMA and IntelliCap can 

deliver medication directly to specific areas of the GI tract 

for a sustained release effect. Future capsule robots might perform 

minimally invasive procedures like gastric bleeding treatment, ulcer 

intervention, or even eradication of Helicobacter pylori 

with photodynamic therapy. Challenges remain, however, the power 

supply, localization within the gut, and safe navigation are key 

challenges to overcome. Microrobot development holds promise 

for addressing these challenges and expanding the possibilities 

of capsule robotics in the future [12]. 

3.3 Cardiology and Cardiac Surgery 

The field of cardiology is exploring the exciting potential of soft 

robotics. These next-generation devices are being developed 

to address damaged heart tissue, offering a potentially 

groundbreaking treatment option. However, significant challenges 

lie ahead. Mimicking the complex biomechanical and hemodynamic 

properties of a healthy, beating heart is no easy task. Researchers 

are actively working to optimize these soft robots to ensure they 

function seamlessly within the human body [13]. Interventional 

cardiology is another area where robotics holds promise. A recently 

introduced soft robotic platform offers a minimally invasive 

INTERNATIONAL SCIENTIFIC JOURNAL "INDUSTRY 4.0" WEB ISSN 2534-997X; PRINT ISSN 2534-8582

114 YEAR IX, ISSUE 3, P.P. 113-117 (2024)



approach to cardiac procedures. This innovative device collapses 

for insertion through small openings and then expands and locks 

securely within the heart. This platform has the potential 

to revolutionize interventional cardiology by enabling a wider range 

of minimally invasive procedures and potentially reducing 

healthcare costs associated with more complex procedures. 

However, the platform's safety and efficacy need to be validated 

through in vivo testing before widespread application can be 

considered [14]. 

3.4 Orthopedics 

Robotic surgery is revolutionizing orthopedic procedures, 

offering several key advantages. By enhanced precision robotics 

minimizes errors, leading to more accurate surgeries and improved 

outcomes. With personalized treatment, robotic systems allow 

surgeons to tailor procedures to a patient's unique anatomy. 

Employing minimally invasive techniques, facilitates smaller 

incisions, thereby leading to quicker recovery times and diminished 

pain for patients. Robotic assistance ensures precise implant 

positioning for optimal functionality. Several innovative robotic 

systems are currently used in orthopedic surgery, each offering 

distinct benefits. MAKO System (Stryker) excels in joint 

replacement surgeries, promoting accurate implant placement. 

ROSA (Zimmer Biomet) provides guidance for various procedures, 

including spine surgery. NAVIO (Smith & Nephew) aids surgeons 

in knee surgeries, enhancing precision and potentially improving 

patient outcomes. MAZOR X Stealth EditionTM (Medtronic) 

assists with precise screw placement during surgery. Stryker Mako 

Total Hip Arthroplasty System optimizes total hip replacement 

surgery for improved results [15]. 

3.5 Advanced Rehabilitation and Physiotherapy 

Techniques 

Robotics is making significant strides in physiotherapy 

and rehabilitation, offering innovative tools to support healthcare 

professionals. These robotic systems aid patients with various 

conditions, including injuries, stroke, and neurological or 

musculoskeletal diseases. Continuous Passive Motion (CPM) 

technology facilitates rehabilitation after orthopedic surgeries, 

for instance, by improving knee flexion recovery following total 

knee replacement. Electromagnetic Tracking Systems (ETS) 

represent a newer and more user-friendly approach. ETS utilizes 3D 

limb kinematics measurement to provide a more comprehensive 

evaluation for patients undergoing ACL reconstruction, both before 

and after surgery. Robotic gait training devices are particularly 

beneficial for patients with spinal cord injuries, assisting with gait 

training and enhancing body weight support during 

neurorehabilitation therapy. By incorporating these robotic 

technologies, healthcare professionals can potentially improve 

patient recovery times, enhance treatment effectiveness, 

and empower patients on their path to regaining function [16]. 

Beyond hospital settings, home-based rehabilitation 

technologies are empowering patients to continue their recovery 

journey at home. These innovative tools offer several advantages. 

Inertial Sensors track joint movement during exercise, providing 

valuable data for rehabilitation programs. Telehealth Applications 

through video conferencing platforms enable patients to continue 

therapy sessions remotely with healthcare professionals. 

Commercial gaming technology can be also incorporated 

into rehabilitation exercises, enhancing motivation and engagement. 

The future holds even more promise with the potential of virtual 

reality (VR). VR technology holds the potential to personalize 

treatment plans, enhance motivation, and monitor patients' progress 

over time [16].   

By combining these home-based technologies with in-hospital 

robotic advancements, healthcare professionals can create 

a comprehensive rehabilitation ecosystem that supports patients 

throughout their recovery journey. 

3.6 Radiology 

AI is already making waves in radiology, and its future potential 

in interventional radiology (IR) is particularly exciting. This field 

stands to benefit significantly from the integration of robotics, 

which can be broadly categorized into navigation and robotic 

systems. Navigation Systems guide instruments during IR 

procedures, enhancing accuracy and potentially reducing radiation 

exposure for both patients and medical staff. Robotic Systems 

provide active guidance for instruments used in both percutaneous 

(through the skin) and endovascular (within blood vessels) 

procedures. CT-guided interventions are a prime example of how 

robotics is improving IR. For percutaneous procedures like biopsies, 

ablations, and infiltrations, robotic CT systems can improve 

accuracy, by leading to more precise instrument placement, 

and reduc e radiation exposure by precise movements, which may 

minimize the need for repeat imaging, lowering radiation dosage. 

Maxio (Perfint Healthcare) and iSYS (iSYS Medizintechnik 

GmbH) are currently the leading robotic CT systems used 

for image-guided interventions. MRI-guided robotic procedures 

are also gaining traction, offering diverse clinical applications. 

However, limited patient access to the MRI scanner remains 

a challenge. While significant progress has been made, 

incorporating robotics into routine endovascular procedures is still 

a hurdle. The future of IR is undoubtedly intertwined with robotics. 

However, further development is necessary to overcome technical 

limitations and ensure seamless integration into various IR 

procedures [17]. 

4. Current State of Autonomy in Medical Robotics 

The increasing role of AI in medical robotics is also leading 

to a rise in the autonomy of these devices. Surgical robot autonomy 

has been categorized into six levels (Table 1). 

Table 1 Six levels of autonomy in medical robotics, currently used in clinical 

care: level 0 - no autonomy, level 1 – 3, higher levels of autonomy – level 4 -

 5 [20] 

Autonomy level Description 

Level 0 (No 
Autonomy) 

The surgeon has complete control, manipulating 
the robot with no assistance. (Current Standard) 

Level 1 (Robotic 

Assistance) 

The surgeon interacts with the robot for guidance or 

support during tasks, maintaining full control 

Level 2 (Task 
Autonomy) 

The robot can perform specific tasks after receiving 

instructions from the surgeon (e.g., tip retroflexion 

in magnetic colonoscopy). 

Level 3 
(Conditional 

Autonomy) 

The surgeon sets parameters for a task, and the system 
can define specifics autonomously (e.g., advanced 

suturing in abdominal surgery). 

Level 4 (High 

Autonomy) 

The robot interprets pre-operative and intra-operative 
data to develop an intervention plan, then executes 

it with surgeon supervision. 

Level 5 (Full 
Autonomy) 

The robot performs surgery entirely on its own, 
without human input. 

Currently, surgical robots in clinical use operate at the Level 3 

(Conditional Autonomy) stage. However, the future holds promise 

for higher levels of autonomy, particularly in organ and tumor 

resections. This has the potential to improve surgical outcomes 

through minimally invasive procedures [20]. 

5. Future: The Increasing Role of AI in Medical 

Robotics 

AI plays an increasingly crucial role in medical robotics. By 

integrating new AI-powered assistance systems, these robots are not 

only enhancing medical interventions but also progressing toward 

greater autonomy. The COVID-19 pandemic served as a significant 

test for AI applications in healthcare. AI proved valuable 

in managing the crisis by reducing pressure on healthcare workers 
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and minimizing patient contact. AI-powered tools like chatbots 

helped manage patient inquiries and basic screening, alleviating 

some of the workload on overwhelmed staff (Fig. 2). Chatbots 

and interactive robots like CRUZR helped screen visitors, take 

temperatures, and interact with them, reducing the risk of infection 

from close contact [18].  

 

Fig. 2 Different available telehealthcare devices [18] 

The future of neurosurgery holds immense promise for AI 

integration. AI has the potential to revolutionize this field not only 

by enhancing surgical accuracy but also by optimizing pre-operative 

care and improving peri-operative care. AI-powered navigation 

systems and robotic assistants can improve precision during 

surgery. Complex data analysis powered by AI can help identify 

patients who are most likely to benefit from surgery, leading 

to more targeted treatment plans. AI can contribute to more efficient 

and cost-effective peri-operative care, potentially even paving 

the way for new treatment strategies. However, significant obstacles 

remain before widespread adoption.  Further validation studies 

are needed to solidify the efficacy and safety of AI-driven 

approaches in neurosurgery. Ethical concerns surrounding AI use 

in medicine, such as bias and transparency, need to be carefully 

addressed. The high cost of developing and implementing AI 

technologies presents a practical challenge [18]. Despite these 

challenges, the potential benefits of AI in neurosurgery 

are undeniable. Continued research and development are pivotal 

in overcoming these obstacles and enhancing a new era of AI-

powered neurosurgery. 

6. Discussion 

The field of medical robotics has seen explosive growth over 

the past few decades, with research papers on the topic increasing 

exponentially since 1990 [21]. While initially focused on surgery, 

robotic systems, and even AI are now utilized across various 

medical specialties. This integration offers significant advantages 

for patients, surgeons, and the entire healthcare team. Despite 

the lack of comprehensive clinical trials definitively demonstrating 

improved surgical outcomes, reduced costs, or better patient results 

compared to traditional techniques, robotic surgery offers several 

potential advantages for both patients and surgeons. Patients may 

experience faster recovery times, fewer re-operations, and reduced 

blood loss, leading to shorter hospital stays. For surgeons, robotic-

assisted surgery can minimize physical and mental strain, reduce 

back pain, and significantly lower radiation exposure during 

procedures employing intraoperative imaging. Capsule robots hold 

immense promise for revolutionizing GI tract diagnosis. These 

miniaturized robots could significantly reduce the invasiveness 

of diagnostic procedures, minimizing patient discomfort 

and potentially eliminating the need for open bowel surgery in some 

cases. Robotic-powered rehabilitation prostheses and rehabilitation 

robots significantly enhance post-stroke, spinal cord injury, 

and neurological disease rehabilitation, leading to improved patient 

outcomes such as increased mobility, greater independence, 

and reduced recovery times. The future of interventional radiology 

and cardiology holds immense promise for robotic assistance 

systems. These advancements have the potential to revolutionize 

intervention techniques, dramatically reducing the need for open-

heart and neurosurgical procedures. Soft robotic development can 

improve the quality of life of cardiac patients in the future. 

The growing integration of AI with preoperative and intraoperative 

imaging and sensing technologies is empowering robotic systems 

to perform tasks with increasing autonomy. This allows surgeons 

to intervene less frequently, paving the way for a future of more 

automated robotic surgery. 

7. Conclusion 

The field of medical robotics has undergone tremendous 

progress in recent decades. Its applications have expanded far 

beyond surgery, reaching various medical fields thanks 

to advancements in medical science. This evolution has resulted 

in benefits like greater precision and minimally invasive procedures 

for patients, along with enhanced safety for surgeons. Additionally, 

the integration of AI with these modern technologies holds 

immense promise for further refinement of existing procedures 

in the future. 
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