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Key Points:

» Advancements in robotic-assisted surgery

» Al-driven innovations improving precision and efficiency
» Expanding applications beyond surgery in healthcare

» Benefits and challenges of robotic integration

The use of robots in medicine has revolutionized
treatments and procedures by improving precision,
reducing recovery time, and enhancing patient
outcomes. This article explores recent advancements
in robotic surgery, emerging medical applications,
current challenges, and prospects. With rapid
developments expected in 2024-2025, robotic
technology continues to transform the core of the
medical field.

Introduction

Robotic technology has emerged as a breakthrough in
contemporary medicine, enabling unprecedented
accuracy and efficiency in surgery. With the integration
of artificial intelligence (Al), robotics is advancing
minimally invasive procedures, reducing human error,
and improving patient outcomes. However, as levels of
autonomy increase, new challenges arise, including
complex regulatory barriers, cybersecurity threats, and
ethical concerns around decision-making and
accountability in robotic systems’. This article reviews
the evolution of surgical robotics, its growing
applications beyond the operating room, and the
systemic hurdles to widespread adoption.

Advancements in Robotic Surgery

In recent years, robotic-assisted surgery has
undergone major innovations. Al-driven systems are
increasingly capable of adjusting in real time based on

sensory data, enabling the execution of more complex
tasks with greater precision. However, fully
autonomous robotic surgeons remain a goal for the
future, as replicating the sensorimotor expertise of
skilled human surgeons continues to pose significant
technological challenges. Greater autonomy also
raises critical concerns regarding safety, regulation,
and liability—especially in high-risk procedures.!
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Figure 1: Da Vini Surgical System. 2

The Da Vinci Surgical System remains at the
forefront of minimally invasive surgery, while newer
platforms such as Hugo RAS by Medtronic and
Versius by CMR Surgical are emerging as competitive,
cost-effective, and adaptable alternatives? Moreover,
Al-driven robots are now enhancing microsurgical
fields such as neurosurgery and ophthalmology,
offering unprecedented levels of precision.

A notable advancement in 2025 has been the
integration of force haptic feedback technology into



robotic surgical systems, enabling surgeons to
perceive tissue resistance. This enhancement
significantly improves surgical dexterity and may help
reduce procedural complications .2 Furthermore, the
integration of 5G connectivity in robotic surgery
enables real-time remote procedures, allowing expert
surgeons to operate on patients in geographically
distant locations. Compared to traditional open
surgery, robotic-assisted techniques offer substantial
clinical benefits. These include enhanced 3D high-
definition visualization, wristed instruments with seven
degrees of freedom, and advanced tremor filtration—
resulting in improved precision, reduced blood loss,
and faster recovery times.*
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Figure 2: Global Robotic Surgery Market .5

Applications in Healthcare Beyond Surgery

Beyond surgery, robotics is playing an increasingly
vital role across various healthcare sectors. Al-
powered robotic nurses are assisting in patient
monitoring, medication  administration, and
rehabilitation, enhancing both efficiency and care
quality. In hospitals, autonomous robots are being
deployed for logistical tasks such as delivering medical
supplies and disinfecting rooms, thereby helping to
reduce the risk of infection. Additionally, robotic
exoskeletons are supporting rehabilitation for patients
with spinal cord injuries and stroke-related disabilities,
enabling them to regain mobility and independence.®
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Figure 3: Moxi, the Al-powered robot nurse
assistant. ’

The integration of robotic technology in healthcare has
brought numerous benefits.  Robotic-assisted
surgeries are associated with reduced blood loss,
smaller incisions, and faster recovery times for
patients. These systems also enable surgeons to
perform complex procedures with enhanced precision
and stability, minimizing fatigue and increasing overall
efficiency. Despite these advantages, several
challenges continue to hinder widespread adoption.
The high cost of robotic systems—including the initial
investment, ongoing maintenance, and specialized
instruments—remains a major barrier. Additionally,
effective use of these technologies requires extensive
training, as surgeons must develop a high level of
technical proficiency through hands-on experience.
Ethical concerns also emerge regarding the growing
reliance on artificial intelligence in medical decision-
making, raising important  questions  about
accountability and patient safety.

Conclusion

Robotic technology is fundamentally redefining the
field of medicine, with particular emphasis on surgical
procedures and broader healthcare applications.'The
innovations anticipated for 2024-2025 illustrate the
significant potential of robotics to enhance patient care,
improve surgical precision, and optimize hospital
operations.* Although challenges, including high costs
and ethical concerns, remain prevalent, ongoing
advancements are facilitating a future in which robotics
assumes an integral role within the medical domain.8 1t
will be essential to pursue continued research,



investment, and regulatory oversight in order to
maximize the benefits afforded by this transformative
technology.
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