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Abstract

The digitization of surgery has influenced the way doctors execute their professional responsibilities,
introducing intelligence and autonomy. This change will boost surgical competency and proficiency,
enabling patients to achieve the best clinical results and safety at the point of service. This chapter pres-
ents an overview of robot autonomy in commercial application and research, focusing on the problems
of designing autonomous surgical robots. Modern robotic surgical systems elevate precision as well as
security by leveraging innovations in materials, imaging, and visualization technologies. Acoustic feedback
technologies minimize injury risk and enable remote therapy delivery, whereas tele-operation eliminates
geographical barriers and allows surgeons to execute multiple types of surgeries. Computer assistance is
progressively gaining momentum in emerging robot-assisted minimally invasive surgery (RAMIS) systems.
Enhanced manipulating capabilities, advanced sensors, superior vision, task-level automation, proactive
safety features, and data integration indicate the beginning of an era of innovation in tele-surgical robots,
combined with machine learning (ML) and artificial intelligence (Al) technologies. Observing various fields,
it becomes apparent that excellent quality data, obtained from efficient data gathering and communication,
is a critical necessity for an effective Al which enables the establishment of real-time ML solutions.
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I. Introduction: Robotic Surgery

The domain of robotic-assisted surgery is anticipated to expand significantly over the next decade, with
a plethora of innovative robotic devices arriving to satisfy unmet clinical requirements spanning multiple
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fields. A flourishing surgical robotics research community is essential for envisioning such innovative
systems, as well as creating and educating engineers and scientists in order to put them into effect [1].
Robots in operating rooms are an excellent example of autonomous and intelligent systems, posing ethi-
cal concerns regarding future hybrid clinical team-machine interactions whereby both humans and
machines share actions and decision-making responsibilities [2]. Autonomous surgery encompasses
robots performing surgical tasks without human intervention, offering benefits that involve greater accu-
racy, real-time bio-signal application, enhanced surgical efficiency, and automated guidance. While
these technologies could substitute certain tasks, they additionally offer novel possibilities in interven-
tions that are too complex and beyond human capabilities [3]. Robotic assisted surgery (RAS) provides
advantages including less patient injury, apprehension and complications. However, it presents addi-
tional risks as robots may behave independently, possibly affecting not just the surgeon but also their
creator and the healthcare facility. This raises questions regarding the safety and effectiveness of RAS in
conventional surgery [4]. RAS has transformed surgery by incorporating intelligence, reaching beyond
human eyesight, and offering access to pertinent surgical knowledge. Despite the fact that RAS is used
only in a small percentage of operations, this technique is anticipated to deliver excellent results with few
challenges. Integrating collaborative and supervised intelligence, as well as autonomy, will significantly
improve patient outcomes and safety [5]. Deep learning (DL) is having a substantial influence on a vari-
ety of businesses, notably healthcare. The efficiency of DL models, particularly with visual information,
has culminated in the creation of image-guided RAS systems. The growing availability of surgical data-
sets has boosted DL applications in RAS [6]. Integrating augmented reality (AR) in surgery demands
precise pre-operative data authentication, involving 3D model super-position and occlusion mitigation.
These may possess a detrimental influence on security while simultaneously enhancing care. Robotic
surgery may resolve these challenges by demonstrating diverse inputs alongside the surgeon, but real-
time de-occlusion involves significant processing capacity, limiting clinical integration [7]. Tele-surgical
robotics, an innovation for robot-assisted minimally invasive surgery (RAMIS), is experiencing world-
wide clinical acceptance. Current RAMIS robots require data-driven encouragement and cognitive
human-machine collaboration. Emerging RAMIS systems are gaining relevance with stronger manipula-
tive capabilities, modified sensors, enhanced vision, task-level robotics, sophisticated security functions,
and data integration, all influenced by machine learning and artificial intelligence (AI) applications [§].
Al can assist to overcome challenges in robotic surgical education, especially observational learning,
inadequate feedback, and unreliable evaluation. Al's relevance involves video labeling, feedback, and
evaluation, automating group classification in operations videos, potentially leading to more efficient
instruction [9].

2. Precision and Automation in the Operating Room

Robotic breakthroughs are revolutionizing medical treatment in a variety of settings, spanning medicine,
intensive care units, general wards, and operating rooms. They minimize risks for patients and clinicians
by gathering, transporting, analyzing, and storing samples for an extended duration. Data sharing, com-
munication, and sensor data dissemination all contribute to the complexity of these networks [10].
Minimal invasive surgery (MIS) is gaining popularity due to its advantages, including fewer complica-
tions, bleeding, scars, and faster rehabilitation. However, its limited field of perceptions and small oper-
ating area could end up in tool mishaps and injury. A real-time endoscopic video feed could be an aid
[11]. Surgical robots is rapidly enhancing MIS, demonstrated by smaller incisions, less patient trauma,
faster recovery periods, and reduced post-operative discomfort. These robots have improved surgeon
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capabilities and broadened the possibilities of MIS, with the forthcoming era promising revolutionary
developments [12]. For enhanced medical services and operations, the healthcare industry is employing
technology including automation, robots, artificial intelligence (Al), and the Internet of Things (IoT).
These advancements have strengthened decision-making, illness prevention, diagnosis, therapy, medica-
tion prescription, nursing, learning, and research [13]. IoT devices are revolutionizing user-centric eco-
systems by specializing on self-monitoring and tele-healthcare. These devices, including wearables and
wireless monitoring services, provide patients with instant access to critical information and help them
prevent emergency situations. The primary advantage is that monitoring vital signs at home saves time
and minimizes the requirement for doctor visits [14]. Al and machine learning (ML) strengthen surgical
decision-making, resulting in speedier recovery and less discomfort. However, concerns includes expen-
sive expenditures, maintenance, network scale, and adequate surgeon education. Future developments
will include Al-driven automation, nano-robots, microscopic incision procedures, semi-automated tele-
robotic systems, and 5G connection, confirming the growth curve of robotic surgery and the constant
pursuit of innovation in healthcare [15]. Robotics has streamlined surgical results by facilitating remote
procedures and specialized treatment in marginalized locations. Al integration with robotics has culmi-
nated in intelligent systems for analyzing and making healthcare choices. Nanorobotics, robotic medica-
tion delivery, healthcare automation, and human-robot partnership are all conceivable future robotics
applications [16]. Robotics have transformed healthcare for patients, operations, rehabilitation, diagnos-
tics, and practice streamlining. Tele-presence robots have made it possible to carry out remote patient
testing, consultations, and monitoring. They contribute to improved diagnostic imaging operations,
accurate placement of equipment, and medicine delivery in healthcare institutions [17]. Hand hygiene is
critical for preventing hospital-acquired infections, frequently spread by healthcare workers in the opera-
tion room (OR). Monitoring hand hygiene compliance is crucial in preventing pandemics. However, the
visual intricacy of OR scenarios makes it difficult to design efficient compliance alternatives. Recent
advances in video comprehension employing CNN have enhanced the recognition and detection of
human activities [18].

3. Recommendations

After thorough literature review of the robotic deployment in the operating rooms for better patient and
healthcare staff experience, we propose following recommendations for future robotics implementation
in healthcare centers.

e Collaboration involving academics, healthcare professionals, lawmakers, and corporate leaders is
necessary for accomplishing goals and fully exploiting the potential of medical robotics, which
will inevitably transform healthcare delivery and enhance the patient experience.

e Establishing confidence among stakeholders is crucial for long-term investments in healthcare
innovation and patient safety in a robotized ecosystem.

e Future research should focus on strengthening the validity and transparency of Al-based
advancements in robotic surgical education.

e Robotics mainly deals with automating regular processes in healthcare settings, enabling
healthcare personnel to focus on patient care while streamlining operations, preventing human
error, and accelerating efficiency in general.

e The development of entirely autonomous RAS systems and self-supervised learning-based
frameworks is an exciting research area that could potentially enhance the operating room setting.
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o Al has the potential to tackle an extensive list of instructional challenges related to robotic surgery.
Al has presented techniques for boosting the efficiency and efficacy of robotic surgical instructing
through breakthroughs in video labeling, feedback, and assessments.

Conclusion

Medical research is being revolutionized by robotics, which has advanced surgery, recovery, diagnosis,
and drugs delivery. Artificial intelligence (Al) integration strengthens medical systems, allowing for
greater precision diagnosis and tailored medication. Nanorobotics, robotic medication delivery, health-
care automation, and human-robot cooperation all have enormous possibilities for the future. However,
concerns regarding security, morality, and affordability remain paramount. Research and development
concentrate on mechatronics and surgical instruments, leading to gradual advancement. Sensory data is
employed in machine learning and Al systems, which improves cognitive assistance for surgeons.
Consoles are essential in enhancing HMI, potentially transforming robots into information systems.
Human factors are going to improve patient outcomes by assisting understand, evaluate, and educate
technical and non-technical surgical abilities. The study investigates the implications of automation on
stakeholder responsibility in surgical innovation, emphasizing the complexities of human-machine inter-
actions in robotic procedures. It implies that healthcare practitioners are responsible for patient injury
resulting from inappropriate positioning relative to the robot.

ORCID iDs

Digvijay Singh https://orcid.org/0000-0003-3640-3891
Sanjeev Kumar Shah (5} https://orcid.org/0000-0002-9978-5842

References

1. D’Ettorre, C., Mariani, A., Stilli, A., Baena, y F. R., Valdastri, P., Deguet, A. ... Stoyanov, D. (2021). Accelerating
surgical robotics research: A review of 10 years with the da vinci research kit. /EEE Robotics & Automation
Magazine, 28(4), 56-78.

2. Steil, J., Finas, D., Beck, S., Manzeschke, A., & Haux, R. (2019). Robotic systems in operating theaters: New
forms of team—machine interaction in health care. Methods of information in medicine, 58(S 01), e14—e25.

3. Yip, M., & Das, N. (2019). Robot autonomy for surgery. In The Encyclopedia of MEDICAL ROBOTICS:
Volume 1 Minimally Invasive Surgical Robotics (pp. 281-313).

4. Fosch-Villaronga, E., Khanna, P., Drukarch, H., & Custers, B. (2023). The role of humans in surgery automa-
tion: Exploring the influence of automation on human-robot interaction and responsibility in surgery innova-
tion. International Journal of Social Robotics, 15(3), 563-580.

5. Oberlin, J., Buharin, V. E., Dehghani, H., & Kim, P. C. (2021). Intelligence and autonomy in future robotic
surgery. Robotic Surgery, 183—195.

6. Hussain, S. M., Brunetti, A., Lucarelli, G., Memeo, R., Bevilacqua, V., & Buongiorno, D. (2022). Deep learning
based image processing for robot assisted surgery: a systematic literature survey. [EEE Access, 10,
122627-122657.

7. Hofman, J., De Backer, P., Manghi, 1., Simoens, J., De Groote, R., Van Den Bossche, H. ... Decaestecker, K.
(2024). First-in-human real-time Al-assisted instrument deocclusion during augmented reality robotic surgery.
Healthcare Technology Letters, 11(2-3), 33-39.

8. Haidegger, T., Speidel, S., Stoyanov, D., & Satava, R. M. (2022). Robot-assisted minimally invasive surgery—
Surgical robotics in the data age. Proceedings of the IEEE, 110(7), 835-846.


https://orcid.org/0000-0003-3640-3891
https://orcid.org/0000-0002-9978-5842

Singh and Shah 97

10.

I1.

12.

13.

14.

15.

16.

17.

18.

Brian, R., Murillo, A., Gomes, C., & Alseidi, A. (2024). Artificial intelligence and robotic surgical education.
Global Surgical Education-Journal of the Association for Surgical Education, 3(1), 60.

Guntur, S. R., Gorrepati, R. R., & Dirisala, V. R. (2019). Robotics in healthcare: an internet of medical robotic
things (IoMRT) perspective. In Machine learning in bio-signal analysis and diagnostic imaging (pp. 293-318).
Academic Press.

Onyeogulu, T., Khan, S., Teeti, L., Islam, A., Jin, K., Rubio-Solis, A. ... Cuzzolin, F. (2022). Situation Awareness
for Automated Surgical Check-listing in Al-Assisted Operating Room. arXiv preprint arXiv:2209.05056.
Barua, R. (2024). Innovations in Minimally Invasive Surgery: The Rise of Smart Flexible Surgical Robots. /n
Emerging Technologies for Health Literacy and Medical Practice (pp. 110-131). IGI Global.

Nwazor N. O., & Orakwue S. 1. (2023). Enhancing Healthcare Through Automation and Robotics. In Modernity
in Health and Disease Diagnosis: The Account from STEM Women (pp. 59—-67). Cham: Springer Nature
Switzerland.

Kavidha, V., Gayathri, N., & Kumar, S. R. (2021). AL, IoT and robotics in the medical and healthcare field. A/
and loT-Based Intelligent Automation in Robotics, 165—187.

Chatterjee, S., Das, S., Ganguly, K., & Mandal, D. (2024). Advancements in robotic surgery: innovations, chal-
lenges and future prospects. Journal of Robotic Surgery, 18(1), 28.

Agrawal, A., Soni, R., Gupta, D., & Dubey, G. (2024). The role of robotics in medical science: Advancements,
applications, and future directions. Journal of Autonomous Intelligence, 7(3).

Gobinath, A., Rajeswari, P., Suresh, K. N., & Anandan, M. (2024). Robotics in Real-Time Applications in
Healthcare Systems. In Al and IoT Technology and Applications for Smart Healthcare Systems (pp. 262-274).
Auerbach Publications.

Kim, M., Choi, J., & Kim, N. (2020). Fully automated hand hygiene monitoring\\in operating room using 3D
convolutional neural network. arXiv preprint arXiv:2003.09087.



