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Abstract: Robotic systems are increasingly being used in healthcare to improve patient care and support
healthcare professionals. These robots are especially effective at performing repetitive tasks. In complex cancer
cases, robots can enhance surgical precision and efficiency, resulting in reduced pain for patients and a lower
risk of complications. Robot-assisted surgery offers high-quality 3D imaging, improved clarity, and increased
efficiency. This review paper examines the application of Artificial Intelligence (Al) and robotic systems in the
healthcare domain, specifically focusing on the interaction among operators, patients, and robots. The goal is
to promote collaboration and improve healthcare provision through human-robot interaction. We considered
already published articles by relevance, to identify the primary safety issues that need addressing for the
integration of AI and robots in hospitals. Concluding with insights into understanding the focal points of social
errors in Human-Robot Interaction (HRI) is crucial for mitigating these errors. While current technologies have
reached a certain level of maturity, there are still numerous challenges in utilizing robot-assisted clinical
practice, including technological, safety, clinical, financial, insurance, psychological, social, ethical, and legal
issues. In addition, there is an urgent issue that needs to be addressed: the alignment of values in artificial
intelligence, ensuring that Al systems reflect ethical principles and human values is crucial to avoid negative
consequences such as bias, discrimination, and prejudicial decisions. Resolving this complex issue requires
collaboration among clinical staff, researchers, programmers, and political decision-makers from various fields.

Keywords: artificial intelligence; robot; robotics systems; healthcare; medical technologies

1. Introduction

Interaction and collaboration between humans and robots in healthcare offers a promising
solution to today's challenges in this field. Robots can help medical teams save time and effort while
increasing efficiency and availability for patients, especially in repetitive tasks where they excel.
Furthermore, human-robot collaboration is effective in improving the safety and quality of
healthcare. The possibilities for using robotic systems to improve human-machine collaboration are
endless. In fact, pilot projects around the world suggest that healthcare, among other sectors, will not
be immune to the robot revolution [1,2]. Robot manufacturing has become a significant contributor
to the field of healthcare technology, offering a diverse range of devices with applications in various
areas of healthcare. Currently, around 40 percent of all robots used in healthcare are designed for
rehabilitation and mobility [3].

These robots assist patients physically or assess their condition to help them achieve their
therapeutic goals. Additionally, surgical robots are becoming increasingly prevalent, providing
instruments that can be controlled by surgeons via a console, allowing for less evasive and more
precise surgical procedures [3,4].In the context of interventions on complex cancers, robotic systems
guarantee highly precise and efficient operations, resulting in less discomfort for patients and a
reduced risk of postoperative complications. Furthermore, robot-assisted surgery is demonstrating
its ability to lighten the workload of healthcare teams, saving time and resources while improving
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efficiency and availability for patient care [4]. As healthcare gets better, robots are getting smarter [3].
They can now do things like help people using artificial intelligence and look more human. In
addition to the use of Al in these robots, there are other key ideas to improve healthcare, including
Al-enabled services, cutting-edge Al systems, blockchain technology, digital well-being services, and
pandemic-specific healthcare management systems [5]. The adoption of such ideas raises questions
such as how much it will cost to implement these systems, how they will affect healthcare
professionals, and how to ensure they remain safe and private [1].

Another very important issue that has been overlooked is ensuring that Al systems are aligned
with ethical principles and human values. This helps avoid negative consequences like violence,
discrimination, and harmful decisions that could affect humans and the environment. If not
implemented correctly, Al could perpetuate social injustices, amplify inequalities, and operate in
ways that are contrary to fundamental human interests. It's therefore essential to develop and
implement accurate and robust ethical guidelines for Al, ensuring that it serves the well-being of
societies as a whole [6].

This article is organized as follows: Section II explains how we surveyed the literature and
reviewed academic studies on using robots in hospitals. It also looks at future uses for robots in
healthcare, recent research, and how it will affect the future of robot integration in hospitals and
beyond. Section III explains how robots are used in healthcare. It also looks at the different areas of
healthcare where robots are used, the benefits of integrating robots into hospitals, and the logistics
needed for robots to operate in each hospital. In Section IV, we look at how robots are used in
hospitals. We look at the main types of robots and give examples of how they are used. We also look
at the technical details and the pros and cons of these robots. Section V looks at how robots will affect
hospitals in the future. Section VI looks at the problems, challenges, and implications of robotic
systems and the associated emerging technologies. Finally, Section VII concludes the discussion of
this article.

2. Methodology for Literature Review

In this review article, we have used the following methodology for our research:

o [Initial search: An extensive search of prominent databases was conducted, including IEEE
Xplore, ACM Digital Library, ScienceDirect, ResearchGate, Google Scholar, Web of Science, and
Scopus. Keywords related to "robotics”, "artificial intelligence", "healthcare", and "hospital” were
used.

e Inclusion criteria: The research papers selected were those deemed most relevant to the central
themes of this article, namely the application of robotics in the hospital domain, future prospects
for the use of robotic systems in healthcare, and emerging and relevant technologies in the
context of improving healthcare quality.

To ensure that the information was up-to-date, articles published from 2015 onwards were
prioritized. However, some seminal works and fundamental studies were also included, regardless
of the date of publication. This approach allows for greater coverage of the subject matter, as some
publications remain highly relevant despite the date of publication. The following papers were
excluded from the review on the grounds of meeting the exclusion criteria:

e Papers that did not address the application of robotics in the hospital domain;

e Papers that were not related to future prospects for the use of robotic systems in healthcare and
emerging and relevant technologies in the context;

e Papers that had not been peer-reviewed.

Given the inherent limitations of the healthcare domain, we endeavored to assess the quality of
each potential source by evaluating the depth of the analysis, the methodological rigor, and the
contribution to the field. To ensure that only impactful and high-quality studies were included in our
review, we employed a rigorous process of study selection.

Cross-referencing was employed to ensure the inclusion of only the most relevant studies. To
expand the scope of our literature review, we also examined the references of the articles analyzed,
as well as those of the selected articles, to identify any additional relevant contributions that could
enhance the value of our work.
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The articles included ensure a balanced mix of theoretical research, practical case studies, and
academic analyses, providing a comprehensive perspective on the topic.

3. Robotics in Healthcare: An Overview
3.1. The Impact of Robotics in Healthcare

According to Yang et al. 2020, the COVID-19 pandemic has accelerated the need for
technological innovation in several areas in recent years. This underlines the urgency of finding
effective solutions to global challenges. In particular, the acceleration of robotics has ushered in a new
era of possibilities. During the pandemic, robotics was instrumental in minimising human contact
and reducing the spread of the virus, with applications ranging from disinfection robots to automated
hospital assistants [7].

In Shishehgar et al. 2018 study, the rapid adoption of robotics in response to the global pandemic
of COVID-19 has highlighted the potential of this technology to reshape many sectors. The advent of
robotic technology, encompassing automated vehicles and factory assistants, is transforming a
multitude of industries.

It's estimated that around 20% of the global population is affected by health problems. Robotics
could be a great way to help bridge the gap in healthcare [8]. And it's not just surgery and rehab that
robotics is transforming. Automation and robotics are also changing the way we do things in
emerging industries like telemedicine and remote monitoring [9], as well as helping with personal
care tasks [10], and even areas not directly related to clinical practice, like transporting medications
and medical supplies. These autonomous robots can navigate aisles and deliver critical items like
medications, biological samples, and medical equipment quickly and accurately [11].

The integration of robots into healthcare teams addresses two significant challenges: the need to
care for an ageing population and the shortage of qualified healthcare professionals. Furthermore, it
offers personalized care for diverse needs. The integration of research and industry is a crucial aspect
of healthcare. The development and implementation of robotic technologies have the potential to
significantly transform the delivery of care, improving both the efficiency and quality of care [12].

3.2. Applications across Medical Fields

Robotic systems alleviate pressure in various industries, particularly in the healthcare sector by
streamlining tasks, from virtual consultations to equipment delivery [13]. Hospitals can implement
various types of robotic systems; these systems can improve efficiency and reduce the risk of human
error [4]. Robotics has a multitude of applications in the medical field:

1. Robotic surgery: is a surgical procedure in which a robot is used to assist the surgeon. Surgical robots
are used in complex surgical procedures, offering enhanced precision and control, such as
laparoscopic surgery, cardiac surgery, and neurosurgery [14].

2. Robotic Rehabilitation: a variety of robotic devices are employed in the rehabilitation of patients
with neurological or musculoskeletal injuries. These devices facilitate movement and promote
recovery [15];

3. Telemedicine and Remote Monitoring: robots can be employed to facilitate remote medical
consultations, patient monitoring, and remote assistance in cases of remote accessibility or
emergencies [9];

4. Transportation: robotic systems are used for the autonomous delivery of medicines, biological

samples, and medical supplies inside hospitals, a process that optimizes logistics and reduces human
error [11];

5. Diagnosis and Imaging: robotics and Al technology can be used in diagnostic imaging equipment,
such as computerized tomography (CT) and magnetic resonance imaging (MRI), to automate
processes and enhance diagnostic accuracy [16];

6. Surgeon Assistance: in addition to robotic surgery, robots are employed to assist surgeons during
complex procedures, such as holding instruments or providing enhanced vision assistance [14].
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The examples presented are illustrative of the current applications of robotics in medicine within
the hospital context. As technology evolves, it is anticipated that innovative applications will emerge
to enhance the efficiency and quality of healthcare [17].

Despite the significant investment in the development of surgical and rehabilitation robots, there
remains a great need for further research and innovation in emerging areas such as cleaning and
disinfection in medical environments [1], medical diagnosis and imaging, assisting in the operating
room, etc. It is also necessary to improve the adaptability of robots operating in these environments,
enabling them to seamlessly integrate with diverse medical settings and respond effectively to
changing circumstances. Furthermore, enhancing HRI through the development of dynamic
algorithms is crucial, as it can facilitate smarter actions and significantly improve the overall
efficiency of healthcare delivery. Research in healthcare robotics is advancing rapidly and is
exploring new technological frontiers. This development highlights the need for innovative and
robust solutions that can support different medical contexts [1,18-20].

3.3. Revolutionising Hospital Logistics

Looking ahead, robotics will continue to play an important role in digital transformation,
particularly in healthcare, and it's also clear that the integration of robots in healthcare will become
more profound [21]. Robots will need to collaborate by working together on several tasks ranging
from surgical procedures to disinfection and patient care [22-24]. Robots are becoming increasingly
sophisticated and adaptable, providing innovative solutions to meet new challenges in healthcare
[21,25]. Multidisciplinary collaboration, however, will be the key to a promising future for medical
robotics [24].

The adoption of new technologies, such as the integration of artificial intelligence systems into
robotics is resulting in safer surgical procedures and shorter hospital stays [26]. Furthermore,
autonomous robotic systems are playing a pivotal role in the logistics and transport of materials
within hospitals, revolutionizing the way supplies are managed and delivered. By denying access to
certain areas and delivering supplies autonomously, these systems are not only improving
operational efficiency but also enhancing patient safety and reducing the risk of contamination [27].
The TUG autonomous mobile robot developed by Aethon is a good example of mobile robots in
healthcare. TUG helps healthcare professionals in hospitals and other medical facilities. It is a small,
self-driving robot that can move around hospitals and do different tasks, like carrying things like
medicine, samples, supplies, and bedding [28], these systems enhance efficiency and reduce the
likelihood of errors [27]. Another example is the portable UVC disinfection system, Tru-D. It uses UV
light to disinfect surfaces better than chemical/mechanical methods, especially in places where
chemical disinfectants don't work. It can disinfect a room, including shadowed areas. Sensor360
technology ensures the UVC dose is accurate, even in shaded areas, increasing the effectiveness of
disinfection [29]. Telepresence robots enable specialists to conduct remote consultations, expanding
access to quality healthcare [27]. Additionally, therapeutic robots such as the social assistive robot
(SAR), like PARO can offer emotional support to patients, particularly those with dementia,
revolutionizing care delivery in hospitals and communities and improving patient well-being [30].
In summary, robotic systems are revolutionizing healthcare delivery, offering tailored assistance,
improving efficiency, and enhancing patient outcomes across various medical fields [27,30].

4. Types of Robotic Systems in Hospitals
4.1. Transportation and Logistics

In the hospital environment, the problem of transport and logistics, in general, relates to the
efficient movement of goods and resources such as medical supplies, equipment, laboratory samples,
non-medical materials, and patients. This challenge is critical in the sense that any delay or error in
the delivery of these items can have serious consequences for the treatment and, consequently, the
recovery of patients [31,32]. In addition to the above, there are the following challenges associated
with logistics in the hospital sector:
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1. Inventory Management: Hospitals can improve efficiency, reduce costs, and increase quality by
involving external organizations in the provision of internal services. This can include
outsourcing logistics to specialized companies to guarantee the availability of supplies [33].

2. Tracking and tracing: RFID technology can be used to track and trace assets and inventory in
hospitals. It can also be used to plan routes and optimize storage and distribution processes [34].

3. Transport coordination: Health information systems can facilitate the efficient movement of
supplies between different areas of the hospital. This ensures the timely and accurate delivery
of supplies, thus enhancing the overall efficiency of the hospital [35].

4.  Waste and chemical products logistics: The implementation of a specific inventory model for
pharmaceutical products and derivatives can assist in the effective management of medical
waste and chemical products utilized, thereby ensuring compliance with environmental and
safety regulations [36].

5. Patient transport: The use of advanced internal transport management and control systems in
hospitals can help ensure that patients are transported safely and efficiently between units, thus
minimizing waiting times and the risks associated with transport [37].

To overcome these challenges, we must improve how different departments work together and
make sure the logistics processes is as efficient as possible considering the implications of security
and privacy [38,39].

The integration of Autonomous Mobile Robots (AMRs) into hospital environments is becoming
more common, but there are many challenges associated with the implementation of these systems
[40]:

1. Vehicle routing problem (VRP): Problem in optimize AMR routes to serve locations efficiently.
Then a solution is creating a pathfinder algorithm that adapt to changes in the hospital layout
[40].

2. Stochastic problems: Dealing with things like how long the trip will take is difficult because the
weather can affect it. One way to deal with this is to use models that consider how things like
the weather can change [40].

3. Pathfinding: Problem finding the shortest route between two locations in a hospital. One
solution is to develop algorithms that adapt to changes in the hospital layout [41].

4.  Conflict Resolution: Problem in minimizing collisions or delays based on routing solutions to
ensure safe and efficient operation of AMRs. So, one solution is to use real-time collision
avoidance algorithms and coordination of multiple robots [42].

5. Fleet Management: It is difficult to decide how many vehicles a hospital needs, to link AMRs
with existing hospital systems and to know how much material to transport. AMRs must not
stop medical procedures or patient movement, while keeping hygiene and safety in areas where
infection is a risk [43].

6. Hygiene and Safety: The problem is that we can't guarantee critical medical procedures and the
movement of patients, while maintaining hygiene and safety in environments where there is a
risk of infection. The solution is to develop strict hygiene protocols and routes that don't disrupt
hospital flow [44].

7. Uncertainty and Variability: The hospital is facing challenges with patient arrivals and medical
tasks. The solution is to use predictive machine learning to adjust operations to meet demand
[45].

8. Robust Optimization: It is difficult to develop data-driven approaches to deal with uncertainty
in data. The solution uses robust optimization and data analysis to create solutions that can cope
with changes [45].

9. Real-time Recalculation: Problem with real-time route calculations due to temporary
obstructions or changes in the environment. The solution is to use adaptive navigation systems
that can recalculate routes instantly [46].

10. Integration with Existing Systems: AMRs need to be integrated with existing hospital
management systems to avoid impeding critical medical procedures and patient movement. The
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solution is to develop APIs and interfaces that allow AMRs to be integrated with existing

hospital systems [47].

Furthermore, the necessity to guarantee that AMRs do not impede critical medical procedures
and the movement of patients introduces an additional layer of complexity to logistics planning [43].
In addition, the development and popularity of supplies using intelligent express boxes and the use
of methods such as the Open Vehicle Routing Problem (OVRP) in relation to the classic VRP problem,
means that vehicles do not have to return to the depot, which allows a significant reduction in
delivery times but also guarantees the safety of distribution in the event of a risk of infection [48].
However, several methodologies have been proposed, such as Open-Loop Distribution, Open-Loop
and Closed-Loop Distribution, and Multi-objective Solutions. Among these, Open-Loop it is
considered the best approach for the distribution problem and carbon emission cost. There are still
aspects to be improved in logistic distribution optimization, as well as solving problems of
uncertainty such as customer returns and exchanges [49].

4.1.1. Main Robotic Transport Systems

Robotic transport systems using wheeled robots are highly efficient and cost-effective in certain
environments, such as hospitals, where they can increase operational efficiency by performing
routine transport tasks. However, their inability to climb stairs and negotiate significant height
changes limits their use to areas with consistent levels and floors. By integrating lift systems and
considering hybrid robot designs, these limitations can be mitigated, extending the potential
applications of wheeled robots [50]. For example, some hospitals, such as St. Olav's Hospital in
Trondheim, Norway, use AGVs to efficiently transport goods around the hospital campus,
optimizing logistics operations and reducing labor costs [51]. The use of transport and logistics robots
in hospitals, particularly for tasks such as the autonomous movement of goods, has shown significant
success. These robots, known as AGVs, not only increase operational efficiency, but also open new
possibilities for human-robot interaction thanks to their design to promote autonomy and
accessibility [51].

The features of hospital robots include load capacity, operational autonomy, precision in
navigating hospital corridors and integration with hospital systems for managing materials and
supplies. The ability to operate in complex, high-demand environments such as hospitals is an
important differentiator for these robots. Among the advantages of these robots are the ability to
operate continuously, without the need for breaks, the precision and consistency of delivery of
sensitive materials, and the reduced risk of contamination and cross-infection since they minimize
human contact. They can also free operators from repetitive tasks so that they can focus solely on
direct patient care [52,53]. However, there are advantages and disadvantages to be considered, such
as the high initial cost of implementation, the need for specialized training, and the adaptation of
hospital infrastructures to accommodate the new technology.

Table 1 provides a comprehensive overview of the robots employed in logistics and transport
systems [54,55].

Table 1. Related logistics and transport systems robots.

R ik RB1 -
o TUG intelligent obotni
Omron self-navigating autonomous mobile Versatile

autonomous mobile [54]. autonomous  mobile
robot [28]. platform, [57]

Robot System

Image
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and improve the efficiency of improve operational o .
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Versatile autonomous
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. . Automatic  docking p .
Dynamically move materials . adapted to various
. . and loading, S .
in challenging . . logistical tasks in a
. automatic  delivery, . .
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. removal of trolleys: .
navigate through complex such as delivering
Features X These features allow .. .
hospital layouts and adapt to medicines, transporting
) . the TUG to operate .
changing environments equipment and
. autonomously, . .
without manual . materials, collecting
. . reducing the need for
intervention. . . waste and laundry,
human intervention. Lo
general logistical
support, etc
. Modular design allows
Does not require any .
. for easy adaptation to
. infrastructure for . .
Does not require any navieation: The TUG different environments
. . v :
modifications: it can be & oate using it and tasks: The RB1 can
o . can navigate using its . .
Advantages deployed in existing hospital 1 navig & be customized with
. . built-in Sensors, .
infrastructure without . . different modules to
. C making it easy to .
needing significant changes. . . . handle various tasks,
implement in various . . .
. making it  highly
environments. :
versatile.
. . . May require specialized
Disadvantages when trying System is that robot O .
. . training for operation
to integrate these mobile can transport only > L
. e . . 7 and maintenance, initial
robots into specific multi- specific carts: This
. . s .. setup costs: Staff need
Disadvantage robot systems: Integration limitation means it .
. . . to be trained to operate
s with other robotic systems may notbe compatible

and maintain the robot,

can be complex, potentially with all types of . .
. . P p' Y . yp which can incur
limiting its use in more hospital trolleys, .

L. o additional costs and
advanced automated setups. reducing its flexibility. Hime

4.1.2. Quadruped Robots

Initially developed for military purposes, quadruped robots have since emerged as a
multifaceted solution in hospital environments. From telepresence to surveillance in hazardous areas
to inspection of sensitive products, these robots have been employed in a variety of vital ways in
hospitals [60]. One noteworthy example is the Boston Dynamics Spot Quadruped, which has been
designed to navigate complex terrain in a timely and secure manner, thus enabling the reliable
automation of critical inspection and data collection tasks [61]. Furthermore, companies such as DEEP
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Robotics, responsible for the X30, are investigating new applications, including potential uses in
emergency rescue and fire detection, including in hospital environments [62]. These initiatives
significantly expand the scope of robotic intervention, providing critical safety and emergency
solutions within hospitals. Despite the advantages of quadruped robots, there are challenges
associated with them, including energy efficiency [39]. Nevertheless, their principal advantage lies in
their capacity to operate in environments devoid of lifts, rendering them invaluable in emergency
situations, such as power cuts, where they can ascend stairs and transport objects and patients with
ease, thereby providing vital support at critical times within the hospital environment. It should be
noted that this quadruped robots system places greater emphasis on the applications and benefits of
quadruped robots in hospitals, with particular focus on their importance in security scenarios [63].

Table 2 presents a comprehensive analysis of the distinctive characteristics, advantages, and
disadvantages of various quadruped robots. Each quadruped robot is designed with its own unique
specifications, rendering them suitable for a variety of applications in hospital environments and
beyond [64,65].

Table 2. Related quadruped robots” systems characteristics.

DEEP Robotics X30 Lite3 - Advanced robotic

Boston Dynamics SPOT-

Robot System . . Advanced quadruped dog
1 D 4
Mobile robotic Dog [64] robot [62]. [65].
] — P - —
_— _ e '
Images ' - \Y 5 Y '
' ; f f / 4 /
1 4
- ‘: = |
Empl f ti
Frequently used for Used in emergency mp oyed for routne
. . . . delivery of medications
automating delivery tasks scenarios, such as rapid . s
. L . and supplies  within
and inspections in hospital response to hazardous . .
. . . . . hospital wards, enhancing
settings to reduce human spills or fire detection in . .
. . . . ..., efficiency and reducing
.. exposure to infectious hospitals. This capability )
Description . . . . . human workload. This
diseases. This reduces the is crucial for maintaining .
. .~ helps streamline
risk for healthcare workers safety and quick . .
. . . .. operations, allowing
and  ensures timely response times in critical .
. . o medical staff to focus
delivery of supplies, (cost~ situations, (cost ~ 60k€) .
70k€) [64] (62] more on patient care, (cost
' ~ 26K€) [65].
Designed for complex
Equipped with multiple and'hazardous Increased agility, skill
Features sensors, connected to a environments, capable of .
L. maneuverability.
network operating in adverse
weather conditions
; A .
Can be adapted a?cordlng Advanced navigation dvance.d néwgatlon and
to the payload: this .2 communication modules:
T and communication Sy
flexibility allows Spot to . Provides ’ reliable
. X modules: Enhances its
carry various medical . movement and
. . ability to move through . . .
supplies or equipment . interaction within
. s challenging . .
Advantages tailored to specific tasks. hospital environments,

Advanced navigation:
ensures precise movement
through complex hospital
layouts, improving
efficiency and safety

environments and
maintain connectivity
with hospital systems.
Waterproofing: Allows
operation in various

improving task efficiency.
Waterproofing: Allows
operation in various
conditions, even under
water.
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conditions, including
sanitization areas.
High energy
consumption: Frequent Initial setup costs: High
recharging or battery May require specialized  initial investment may be
replacements are training for operation a barrier for some
necessary, which can be and maintenance: hospitals. Potential need
disruptive. Limited by the Hospital staff need for specialized training;:
Disadvantages visual perception system: additional training to Staff may require
May struggle in poorly lit  operate and maintain the additional training to use
environments or with robot, which could bea  the robot effectively,
transparent obstacles, resource burden. which could increase
limiting its effectiveness in operational costs.
some areas

4.2. Cleaning and Disinfection

Cleaning and disinfection in hospital environments is a critical and complex challenge that
directly impacts patient safety and the operational efficiency of healthcare institutions. Hospitals are
places where infection prevention is of paramount importance, as the presence of pathogens can lead
to nosocomial infections (hospital-acquired infections), which represent a significant risk to patient
health. However, there are several challenges associated with this problem, which can be described
as follow [66—69]:

1. High microbial load: Hospitals are environments where the concentration of pathogens is high
due to the presence of patients with various infectious diseases. Surfaces, medical equipment
and even the air can become a breeding ground for pathogens [67].

2. Variety of Pathogens: Hospitals are home to a wide variety of micro-organisms, including
bacteria, viruses, fungi and protozoa. In addition, some can be multi-drug resistant, making
them even more difficult to control [67].

3. Complex environments: In hospitals, there are different areas with specific cleaning and
disinfection requirements, such as operating theatres, intensive care units (ICU), patient rooms
and common areas, which require customized cleaning and disinfection procedures [68].

4. Cleaning and disinfecting procedures: Effective cleaning and disinfection involves rigorous,
standardized procedures, including mechanical cleaning, chemical disinfection, and sterilization
[66,68].

5.  Suitable Products and Technologies: The choice of cleaning and disinfection products is critical.
Products must be effective against pathogens, safe for occupants and not damage surfaces and
equipment. New technologies such as ultraviolet (UV) light and hydrogen peroxide fogging
systems are also being used to complement traditional methods [67,68].

6. Training and awareness: The effectiveness of cleaning and disinfection depends on the proper
training of healthcare professionals and cleaning teams. They need to be aware of the protocols,
the correct use of chemical products and the importance of hand hygiene to prevent the spread
of infections [66—68].

7. Continuous monitoring and assessment: Quality control of cleaning and disinfection requires
constant monitoring and periodic evaluation. The use of appropriate tools such as
microbiological analysis of surfaces and regular audits help to ensure that hygiene standards are
maintained [66,68].

The problem of cleaning and disinfection in hospital environments is complex and multifaceted,

requiring an integrated approach that combines strict protocols and ongoing training [66—68].

4.2.1. Cleaning and disinfection robot systems
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Many ultraviolet (UV) germicidal systems are available, incorporating specific technological
advances. However, the effectiveness and operational status of traditional UV germicidal irradiation
(UVGI) systems and robots require continuous improvement [70].

These robots are widely used in hospital environments for disinfection according to standard

procedures and play a crucial role in reducing nosocomial infections [70]. Due to the risks associated
with exposure to UV light, it is essential to optimize these robots to ensure safety in areas occupied
by patients and healthcare professionals. Although safe operation in the presence of humans requires
further research, the use of UVGIs is expected to increase significantly in the post-pandemic era. This
growth will require more advanced designs for effective and safe disinfection, making hospital
environments healthier and more resistant to pathogens [70].

Cleaning and disinfection robots have become essential tools for maintaining safe and sanitized

hospital environments, especially in the post-pandemic era, where efficient disinfection is vital for

preventing nosocomial infections [71-72]. Table 3 provides a comprehensive overview of the robots

used in cleaning and disinfection systems, comparing them in terms of characteristics, advantages

and disadvantages.

Table 3. Related Cleaning and disinfection robots’ systems.

Robot System

Xenex Lightstrike
intensity cleaning
disinfection robot [71]

high-
and

Tru-D -portable UVC
disinfection system [29].

Sterilray -
Autonomous
Disinfection Vehicle
[73].

Images

Description

high-intensity cleaning and
disinfection robot, used to
disinfect patient
surgical areas and other
critical zones, (cost = 12k€)
[71]

rooms,

Used mainly for terminal
disinfection of bedrooms
of patients after discharge
or before the admission of
new patients, (cost =~ 12k€)
[29].

Employed in large and
difficult-to-reach areas,
such as corridors and
common areas, where
can operate
for

you
autonomously
continuous
disinfection, [73].

Features

Integrated sensors to
interrupt the device when it
detects motion and
connected to a network
Used to disinfect patient
rooms, surgical areas and
other critical areas.

Sensor360 technology to
calculate the precise UVC
dose required: precise
UVC dose Mainly used for
terminal disinfection of
bedrooms of patients after
discharge  or  before
admission of new

patients.

Programmable robotic
instrument: Employed
in large and difficult-to-
reach areas, such as
corridors and common
areas, where you can
operate autonomously
for continuous
disinfection.

Advantages

Customizable for different
room types and positions:
Sensors ensure that the
operation of the robot is
safe in environments where
there be
movement.

human
The

can

Effective disinfect a room,
including shadowed
areas: Sensor360
technology ensures that
the UVC dose is accurate,
covering shaded
areas, which increases the

even

Technology that
enables  disinfection,
operating without
human intervention:
The high tolerance and
performance of
Sterilray ADV, along
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customization for different effectiveness of with its ability to
types of rooms allows a disinfection. operate without human
flexible and efficient intervention, makes it
application. extremely effective for

large-scale disinfection.

Only perform terminal
disinfection: Limitations
include the inability to
disinfect  surfaces in

The robot is only a
complementary part of the
cleaning process and does
not replace the need for .
. .. adjacent rooms, especially
Disadvantages preliminary manual
cleaning, which can limit its
overall effectiveness in

high-traffic environments

in areas such as
bathrooms, which can be a
critical point in hospital
settings.

In comparison to traditional manual disinfection methods, robotic cleaning and disinfection
systems present a promising alternative for the disinfection of critical areas, including hospital
waiting rooms [4]. Nevertheless, it is of paramount importance to enhance research on pathogen
inactivation, particularly in hospital settings, where environmental resistance can present a
significant obstacle. For instance, the efficacy of ultraviolet C (UV-C) irradiation cycles for standard
disinfection may be diminished in instances of elevated microbial load or resilient pathogens, such
as Candida auris. This underscores the necessity for the development of more resilient strategies to
ensure patient safety [75].

4.3. Socially and Assistive

There are a number of challenges that affect both patients and healthcare professionals when
providing care in a hospital environment. These challenges can be grouped into the following main
categories [76-78]:

1.  Work Overload and Staff Shortages: A significant proportion of hospitals are confronted with

a high demand for patients, coupled with a shortage of healthcare professionals, which results

in an underload of work. This can result in significant fatigue and burnout among operators [79].

2. Resource management: The management of resources, including medical equipment, hospital
beds and consumables, can present significant challenges. The unavailability of resources or the
misallocation of resources can result in delays in the delivery of essential treatments and
procedures [80].

3. Patient safety: The management of patients is a constant concern, with the potential for hospital-
acquired infections, medical errors and falls [81].

4. Infrastructure and technology: A significant proportion of hospitals continue to operate with
infrastructures and technologies that are no longer fit for purpose [82].

5. Patient Satisfaction and Experience: It is of the utmost importance to enhance the patient
experience, yet this can prove challenging when attempting to reconcile it with operational
efficiency. Long waiting times, a lack of privacy and communication all contribute to patient
dissatisfaction [83,84].

6. Regulation and compliance: Hospitals are required to adhere to a multitude of regulations and

compliance standards, which can be intricate and disagreeable. Ensuring compliance while
maintaining quality is a persistent challenge [85].

7. Costs and Financing: The effective financial management of hospitals is of paramount
importance, particularly in the context of rising costs and budgetary constraints [86].
To address these issues, it is often necessary to adopt a multifaceted approach that incorporates
technological innovation, enhanced management practices, ongoing training of healthcare
professionals, and the implementation of effective policies and quality standards [87,88].
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4.3.1. Socially Assistive Robot Systems

Socially Assistive Robots (SARs) can take various forms, such as humanoids or animals, and aid
in areas traditionally performed by humans, such as companionship and service provision [4]. In the
healthcare context, for SAR-mediated treatment to be effective, it is essential that the patient trusts
both the operator and the robotic system [10].

A good example of trust in a SAR system is the PARO robot, which is used significantly more
often in affective therapy sessions than other systems in the same category, such as NAO. While
PARO is used in 9 affective therapy sessions, NAO and AIBO are used in only 1 and 0 sessions
respectively [89]. This trust is a significant predictor of treatment adherence, satisfaction with
treatment, and continuity of care. Trust in the patient-therapist relationship is positively correlated
with rehabilitation and treatment outcomes, including pain reduction, improvement in disability,
physical and mental health, and satisfaction with treatment. It is therefore crucial to prioritize
building trust in the therapeutic relationship, particularly as new technologies such as social assistive
robotics (SARs) are integrated into standard care [10].

Table 4 provides a comprehensive overview of the assistive robots used in hospital settings,
comparing them in terms of characteristics, advantages, and disadvantages. This comparison
includes various robots like PARO, NAO, and AIBO, highlighting their unique features and their
impact on patient care [89-90]. These robots are shown in Figure 4.

Table 4. Summary Table of Key Socially Assistive Robots (SAR) in Hospital Settings.

PARO - advanced

Bandit + humanoid

Robot Syst . . NAO - bipedal robot [93].
ODOLSYStem 4 teractive robot [91,92] ipedalrobot [93]. - 14 101,
Ex L
. - . -
= =3
Images 1 h
)
Used in dementia care Used in  physical
units to calm patients and Used in pediatric wards to rehabilitation to assist
provide companionship, entertain and distract with exercises,
.. leading to reduced use of children during medical providing
Description, . . .
psychotropic medications procedures, reducing encouragement and
and improved patient anxiety and stress, feedback to enhance
well-being, (cost =55k€) (cost~12k€) [93]. effectiveness, (cost
[91,92]. ~13k€) [91].
Resembles a baby seal, Humanoid with sensors Humanoid design,
Features sensors for posture, touch, for movement, touch, speech, gestures, facial
sound, and light. sonar, sound, vision. expressions.
Reduces anxiety, and . . Interactive, robust
. Versatile, customizable, . . .
Advantages  depression and promotes . design, effective in
1. . and engaging. i
social interaction. social therapy.
E ive, limited Compl tion, .
Disadvantages xpensive e OmpEx opetation, Cost, complexity.
versatility. expensive.

4.4. Telemedicine and Telepresence

Telemedicine and telepresence are technological innovations that have the potential to transform
healthcare delivery in remote hospital environments. This includes remote consultations, patient
monitoring, health education and even therapeutic interventions delivered via electronic devices and
virtual communication. However, there are challenges to the implementation and integration of these
technologies, such as [96-98]:
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1. Privacy and Data Security: As in other areas, data protection is a crucial requirement, and
telemedicine is no exception. This involves the transmission of sensitive information about
patients' medical data. The challenge lies in ensuring that this data is protected against
unauthorized access [96,98].

2. Care quality: The quality of care is related to the diagnosis (accurate diagnosis), which must be
precise because the accuracy of the diagnosis can be affected by the variable quality of the images
and videos transmitted. Remote assessment can lead to inaccurate diagnostic results.
Conversely, telepresence can result in a sense of distance between the patient and the doctor,
which may negatively impact the quality of the doctor-patient interaction, which is a crucial
aspect of effective care [97].

3. Health standardization and policy: The absence of standardization in the services associated
with telemedicine can result in inconsistencies in the quality of healthcare [96,99].

Both telemedicine and telepresence have the potential to revolutionize care in the hospital
setting, providing access to quality care in an efficient manner. However, in order to achieve this
potential, it is necessary to address comprehensively the challenges related to privacy, quality of care,
and regulation, in addition to the other challenges already mentioned. By addressing these
challenges, healthcare systems can leverage the advantages of these cutting-edge technologies [96—
99].

4.4.1. Telemedicine

The utilization of telemedicine has expanded in tandem with technological advancement, driven
not only by technological advancements themselves, but also by the growing necessity to expand
access to healthcare.

Telemedicine encompasses a diverse range of clinical activities, including motor and cognitive
assessments, as well as medical consultations. It is particularly beneficial in remote areas and for
patients with reduced mobility [97,100]. Several models and procedures have been developed to
guide the use of telemedicine, offering an up-to-date framework for its implementation. These
models have the potential to enhance public health outcomes and can be adapted for scientific studies
or future health emergencies. Furthermore, the advent of electronic and mobile technology has
rendered telemedicine accessible and useful in a multitude of medical contexts [97,100].

To further maximize the benefits of telemedicine, the integration of Al is a promising solution.
The implementation of Al-based telemedicine requires dynamic protocols and the use of innovative
Al algorithms based on data modelling. These algorithms can apply machine learning to large
datasets of disease populations, providing effective and personalized solutions to complex healthcare
problems [101]. AI models allow direct learning from data, avoiding the need for prior statistical
modelling. This approach produces more objective results, with a focus on generalizing predictions
for diagnostic purposes across different populations [102]. Data derived from computational
approaches can be used to test synergistic combinations of variables and eliminate redundant
resources, facilitating more effective diagnosis. It is crucial to recognize that data entry methods are
extremely important, as speech recognition and interpretation is a significant challenge in the use of
AI [101]. On the other hand, robotic telemedicine is a promising cutting-edge tool in telemedicine,
with the potential to transform physical examination and clinical care, and to facilitate remote patient
monitoring [103]. The resilience of health systems has enabled more efficient use of health
technologies, including the use of robotic systems and Internet of Things (IoT) devices. These
technologies have been fundamental to the delivery of medical services, such as the creation of smart
hospitals that minimize exposure risks and improve the quality of care [101].

4.4.2. Telepresence

The advent of telepresence systems has brought to the fore several challenges currently being
faced by healthcare systems and medical personnel across the globe.

In this context, robotic-assisted tele diagnosis has emerged as a potential solution, allowing
specialist doctors to examine patients remotely. The World Health Organization (WHO) has
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predicted that the global population of people aged 60 and over will increase from 605 million to 2

million between 2000 and 2025. This will result in a doubling of the percentage from approximately
11% to 22%. This suggests that telepresence may be a viable alternative to address the increased
demand for healthcare in the elderly population [100,104].

Table 6 Gives a more comprehensive overview of telepresence robots, including examples of
practical use, advantages and disadvantages associated with each telepresence robot system. This can

help readers to better understand the clinical and practical implications of these robotic systems in

healthcare [105]

- [106].

Table 6. Summary Table of Key Telepresence robots” systems in Hospital Settings.

Robot System

Double - Autonomous
Two-Wheel Video
Conferencing Robot [105]

GoBe- Latest
Generation
Telepresence Robots
[107]

Giraff - Mobile
telepresence Robot [106].

Images

Description

A doctor uses the Double
robot to make remote
consultations with
patients in different areas
of the hospital, (cost
~41ke€) [105].

A businessman uses the
GoBe robot to attend an
important meeting
another city [107].

in

An elderly man uses the
Giraff robot to connect
with family when he can't
leave the house, (cost
~11k€) [106].

Features

Click anywhere on the
floor and travel while
obstacles.

Autonomous navigation.

avoiding

Remotely controlled
mobile robot, reproduces
user's face in natural size,
equipped  with 4K
camera

Prioritizes social

connection - Assistance

for elderly individuals

who live alone.

Advantages

Facilitates remote

communication an
collaboration

Allows
interaction between
patients and healthcare

professionals.

between

teams. more

Enables
participants to interact

remote

and participate in events
from locations - Easy-to-
use and  simplified

remote control.

Facilitates

communication and
social contact for isolated
individuals or those with
limited mobility Offers a
remote assistance
solution for caregivers

and family members.

Disadvantages.

Possible
battery
Dependency

limitations in
autonomy.
on stable

internet connection.

Possible high acquisition
and maintenance costs —
Dependency on stable
and high-speed internet
connection.

Accessibility  limitations
in certain environments
or physical spaces
Possible technical
challenges for

experienced users.

less

Telepresence robots may be a viable solution, as some systems can perform simple tasks such as

taking patients' vital signs, which could ease the workload of healthcare professionals and carers.

There are already several telepresence robotic systems on the market today, including commercial
products such as Double Robot, GoBe, and Giraff (Table 6.), based on social robotic telepresence
functionality [108].
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4.4.3. Smarter Telepresence

The future of telepresence technology is likely to be characterized by the convergence of three-
dimensional telepresence technology, virtual and augmented reality techniques, and robotics. This
will result in the creation of fully interactive and immersive experiences, in which the distinction
between the real and the virtual will become almost imperceptible.

There is a need to improve existing methods and algorithms for 3D face generation, in particular
audio-based 3D speaker algorithms, as well as the possibility of their implementation in Virtual
Reality, Augmented Reality (AR) and Mixed Reality (MR) systems [109]. The implementation of the
speaking face will be an essential component in future telepresence conferencing systems [110].

4.5. Surgery and Rehabilitation

Surgery and rehabilitation are complex processes that affect the human body in different ways.

In terms of surgery, these surgical challenges manifest themselves in the following ways:

1. Invasive procedure: Surgery involves making an incision in the body to correct a medical
problem. This can cause pain, trauma and bleeding [111,112];

2. Risks and complications: All surgery carries risks such as infection, excessive bleeding and
reaction to anesthesia. In some cases, these can lead to serious complications that can cause
permanent disability or even death [113].

3. Recovery time: Recovery from surgery can be long and arduous. The patient may need to stay
in the hospital for several days or weeks, and even then, full recovery may take months. During
this time, the patient may experience pain, weakness and tiredness [114].

As regards rehabilitation, these challenges manifest themselves as follows ways:

1. Longand challenging process: Rehabilitation aims to help patients regain function and strength
after surgery or injury. This may involve physiotherapy, occupational therapy, speech therapy
and other interventions. The process can be long and challenging and requires increased effort
from the patient [115].

2. Pain and discomfort: Rehabilitation can cause pain and discomfort as patients work on their
muscle strength and range of motion [116].

3. Motivation and support: It is important for the patient to be motivated and to have the support
of family, friends, and health care professionals during the rehabilitation process [116].

It's important to stress that both surgery and rehabilitation are important parts of the treatment
of many medical conditions. However, it is important to be aware of the challenges that these
processes can present. Preparing for surgery and rehabilitation, and getting support from healthcare
professionals and family members, can increase the chances of a successful recovery [117,118].

4.5.1. Surgical Robots

Robotic surgery is a significant application of robotics in the field of medicine [16], robotic
systems are used to assist in surgical procedures, including minimally invasive surgery. These
systems have been developed to overcome the limitations of traditional surgical methods [119].
Robotic-assisted surgery (RAS) technologies, such as the da Vinci Surgical System, have rapidly
evolved in recent years. They aim to improve surgical precision, dexterity, and access to minimally
invasive procedures. Additionally, augmented reality (AR) provides an advanced interface to
enhance user perception [119].

Today, different robotic surgical systems have been developed, Cepolina et al. 2022, as well as a
comparative analysis of these systems, considering their space requirements in the operating theatre,
accessibility to the patient, efficiency and intuitiveness of the presentation of the surgical scenario,
modularity and reconfigurability of the system, miniaturization of the surgical instrument, haptic or
force feedback, certification status and availability for purchase [120]. Some robotic systems, such as
da Vinci, Hugo, and Mazor X, stood out from the rest for their effectiveness in providing the surgeon
with an intuitive representation of the surgical scenario, receiving a very good (VG) rating [120].
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Table 7 summarizes the main surgical robotic systems in the hospital environment, as well as
use cases, technical characteristics, advantages and disadvantages, to provide a more comprehensive
overview of surgical robotic systems in the hospital environment.

Table 7. Summary Table of Key surgical robots’ systems in Hospital Settings.

da Vinci - robotic surgical Hugo - robotic-assisted
systems [121] surgery [122].

Mazor X - robotic guidance
system [123]

Robot System

-

t _ttg

41 [=

—_— T—
in Cardiac surgery,
surgery,

Images

Use
laparoscopic
neurosurgery,  orthopedic
surgery, ophthalmic
surgery, (cost = 1,3M€) [121].

Used in Laparoscopic in
surgery, robotic assisted
surgery, digital surgery,

(cost = IME) [122].

Used Spine
particularly for spinal fusion
procedures, (cost =~ 0.65ME€)
[123].

surgery,

Description

Combines surgical navigation
with pre-and
planning to make spine surgery
more

Powerful  systems  for
minimally invasive surgery.
Integrate robotic technology

with advanced software to

intra- i
Modular and portable for fira-operative

greater flexibility,
efficient use in operating
theatres.

more ;
Automatic

that
visualizes the elements of the
spine in relation to each other.

Features efficient.

. .. .. recognition system
provide precision, vision, gn 4

and control.

Offers versatility in

Can perform robotic surgery surgical approaches

Enhanced interface provides fast

Advantages

in cardiology, laparoscopy,
neurosurgery, microsurgery,
orthopedics,

ophthalmology.

and

Modular and  portable
design allows for easy
setup and maneuverability
in operating rooms.

and consistent access. Screw
placement with the

reduces precision.

robot

Disadvantages.

No way to palpate the lung
Added pain from the fourth

The separated arm carts
system may cause more

Automatic calculation of robot
parameters require verification.

incision. Increased risk of spatial  constraints  in

operating rooms.

Cannot achieve high precision in

collisions with extra arm. complicated cases.

The da Vinci surgical system developed by Intuitive Surgical integrates state-of-the-art robotic
technology with cutting-edge software to provide precision, improved vision, and control during
surgical procedures [124]. With more than 5,500 units installed worldwide by 2020 and more than
seven million surgeries performed, da Vinci systems have been instrumental in numerous specialties,
including cardiology, laparoscopy, neurosurgery, microsurgery, orthopedics’ and ophthalmology
[120].This technology has revolutionized modern surgical practice and has become indispensable in
advanced medical centers around the world.

4.5.2. Autonomous Robotic Surgery

Despite the advances in robotic surgery over the last two decades, the control of the robotic
system is currently still under the command of a human surgeon. There is a need to promote greater
autonomy in these robotic systems - from assisted robotic surgery to autonomous robotic surgery
[127]. The prospects for autonomous robotic surgery are many and can bring benefits to robotic
surgery, for example, standardization of techniques will lead to less variation in clinical outcomes.
Automated processing of sensory information can lead to greater precision and fewer errors
associated with stress and fatigue [127]. In addition, the use of new techniques such as machine
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learning models can analyze pre- and intra-operative information to predict and ensure that the robot
does not damage sensitive tissues and nerves when operating autonomously [128].

However, there are also challenges associated with autonomous surgery, including ethical, legal,
patient safety and privacy issues, as well as additional costs associated with the use of autonomous
robotic surgery (ARS). It is difficult to introduce ARS as a new standard for surgical procedures
without solid evidence of significant cost effectiveness and improved outcomes compared to
standard surgical techniques, due to the high costs associated with current healthcare systems [128].

Although there are currently some concerns about autonomy in medical robotics, the future is
still promising, and more and more research is progressing towards total autonomy [128].
Furthermore, liability issues can be addressed by extending the current regulatory framework, and
much research and development is underway to provide more precise guidelines [127,128]. Still
about liability, and self-operating mechanisms in the event of an emergency or system failure, these
systems can be crucial in avoiding complications in interventions or even the death of the patient; a
good example of this is the Smart Tissue Autonomous Robot (STAR) [129]. The advanced
autonomous approach allows the operator to choose from a variety of autonomously generated
surgical plans, and the robot performs a wide range of tasks independently. The results of the study's
simulated model show that the autonomous system outperformed the manual techniques of
experienced surgeons and RAS techniques in terms of consistency and precision [129].

In addition, ref. O'Sullivan et al. 2019 pointed out that Al systems could be crucial in medical
robotics. For example, a ‘flight recorder’ could be implemented to record all data and assist in failure
analysis, allowing surgeons to better understand and reconstruct the causes of the robot's failure
behaviour. These improvements would increase confidence in the system [130]. However, the
increasing independence of robots is inevitable, making medical processes more autonomous and the
role of the human being more focused on supervision.

4.5.3. Rehabilitation Robots

Rehabilitation robots are specially designed machines that help people with physical disabilities
during their recovery process. These robots are particularly beneficial for individuals dealing with
conditions like stroke, multiple sclerosis (MS), traumatic brain injury (TBI), spinal cord injuries (SCI),
and Spina bifida (SB) [131-133].

In the case of spinal cord injuries, where individuals may face challenges with upper and lower
body movements, rehabilitation robots address specific needs. Lower limb rehabilitation robots
target leg movements, helping with walking and balance, while upper limb robots focus on arm and
hand rehabilitation, helping with tasks such as reaching and grasping objects [134]. Overall,
rehabilitation robots play a crucial role in individualizing recovery programs designed by
physiotherapists. By targeting specific areas of impairment, thus these robots can play an important
role in aiding patients in regaining their natural motor skills and promoting overall well-being [135].

Upper limb rehabilitation

Upper limb rehabilitation involves the use of robotic systems to target specific joints and
movements of the shoulder, arm, forearm, hand, and fingers to aid in recovery and regain
functionality. Examples of the upper limb rehabilitation robotic system, like ARMin [136], G-EO
System [137], and InMotion [138].

Table 8 It shows a summary of the main systems for upper limb rehabilitation in the hospital
environment, from which we can get a more comprehensive view through practical cases where each
of these systems is used, comparing their technical characteristics, advantages and disadvantages of
each of these systems [136-139].
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Table 8. Summary Table of Key upper limb rehabilitation systems in Hospital Settings.

InMotion — ARM for
ARMin - upper limb G-EO System - robot
Robot System habil b assisted end-effector gait Neurological Rehabilitation
rehabilitation robot [136]
therapy [140] [141]

Images
Used for gait training for Used for upper limb
L Used  for  Upper limb neurological and orthopedic rehabilitation for stroke and
Description e . .\
rehabilitation [136]. rehabilitation, (cost ~250k€) neurological conditions, (cost
[140]. ~92k €) [141].

7 DOF, allowing shoulder

. . . . 6 DOF robotic gait trainer. 3 ~DOF  robotic  arm
rotation in 3 dimensions.

Can provide gait training in Exoskeleton. Supports
Movements such as elbow P & & pp

. . both upright and supine shoulder and elbow
Features flexion/extension, hand . .
. . positions. - Adjustable movement. Allows for
closing and opening. - Legs . . . .
. . speed, range of motion, and adjustable therapy intensity
adjustment  according to . .
body weight support. and complexity.

needs.

Three levels of safety, Offers versatile gait training Provideshighly customizable
including sensors to detect options for patients with therapy options to meet
malfunctions and no sharp various levels of mobility. individual patient needs. Can

Advantages
8 edges. Three different therapy Provides adjustable adjust therapy intensity and
modes. Exclusive software to parameters to tailor therapy complexity as patient
monitor performance. to individual needs. progresses.

May not provide sufficient

Initial set d calibrati
nitial setup and calibration challenge for advanced users.

Disadvantages Training sessions are too short may be time-consuming.

. . . .. Requires regular
to yield optimal results. Requires supervision by . .
: - maintenance and technical
trained therapists.
support.

EMG-Driven Exoskeleton Robots

For the purposes of robotic rehabilitation, it is essential that the extraction of an
electromyographic (EMG) signal is both efficient and accurate. Two methods of obtaining the EMG
signal are available: invasive, which involves an intramuscular electromyograph (iIEMG) injection,
and non-invasive, which involves the use of a surface electromyograph (sEMG). It is crucial to
acknowledge that the utilization of invasive techniques necessitates the administration of an
intramuscular injection [136].

In the invasive technique, the electrodes are placed on the motor units of the muscle, while in
the non-invasive technique the non-invasive technique, the electrodes are placed in the abdominal
region of the muscle where the maximum contraction [136,142]. Although iEMGs provide accurate
EMG signals, sEMGs are often used because they are more acceptable to the patient and do not
require an invasive procedure [136,143]. The following examples illustrate the use of EMG-driven
upper limb robots and the associated control methods. These are based on the input signal, the
resources used and the controller mechanism [136].

Table 9 provides a summary of the principal systems for EMG-driven exoskeleton robots in the
hospital environment. It offers a more comprehensive view of these systems through practical cases
in which each system is used, comparing their technical characteristics, advantages and
disadvantages.
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Table 9. Summary Table of Key EMG-Driven Exoskeleton Robots systems in Hospital Settings.

Robot System

Hand Exoskeleton - for
multiple scenarios [144].

NEUROEXxos - EMG-
powered rehabilitation robot

[145]

Elbow exoskeleton - Two
fixed components [146].

Images

Description

Used in rehabilitation of
patients with hemiplegia at
home or in clinics to increase
the correct repetitive practice
for neural repair of the affected

hand, (cost ~7k€) [144].

Used in rehabilitation of
upper using EMG
signals from the biceps and
triceps muscles to adjust the
support level,

(cost ~120k€) [145].

limbs

Used in Rehabilitation of
the elbow wusing fixed
components affixed to the
arm and forearm, (cost
~3ke€) [146].

Features

Home rehabilitation. Low cost,
portability - Safety and self-
directed training.

Uses linear envelope.
Extraction of two EMG signals
from the biceps and triceps.
Signs gradually amplified

until the user is comfortable

Components affixed to the
arm and forearm via
Velcro closures 1 DOF that
corresponds to the axis of
rotation of the elbow joint.

Advantages

Patients with hemiplegia can
perform manual training at
home or in clinics. Increases the
amount of correct repetitive
practice for neural repair.

the
dynamic  through
change.  Employ
smoking modifier to help the
user achieve the necessary.

Stimulates muscles'
force

neuro-

Servo motor with strength
of 15 kg. Can be adapted
to nylon or carbon fiber.
Designed to be resistant
despite the use of low-cost
material.

Disadvantages

Systems with more than one
finger (except the thumb)
require more space between the
fingers need to be Kkept
abducted, which is not natural.

Reduces the possibility of the

supported load exerting
uncomfortable torque on the
longitudinal axis of the

human member.

Does not allow adjusting
the intensity
rehabilitation training.

of

Lower Limb rehabilitation

It is important to note that Lower Limb Rehabilitation (LLR) exoskeletons are just one type of
LLR. LLRs, such as exoskeletons, have been developed over the years to aid in the recovery of lower
limb function. A review of various LLR robots from 1999 to 2017 was conducted by Hobbs et al. 2020,
in a recent study [131,147]. Several systems with a high degree of maturity have been proposed and
are already available on the market, such as, Lokomat, ReWalk, and BART. These systems incorporate
technological advances in developing LLR systems, bases, and exoskeletons. It is important to note
that this information is based on recent studies [131].

Table 10 provides a summary of the principal systems for Lower Limb rehabilitation robots in
the hospital environment. It offers a more comprehensive view of these systems through practical
cases in which each system is used, comparing their technical characteristics, advantages and
disadvantages [131-148]

Table 10. Summary Table of Key Lower Limb Rehabilitation Robots system.

BART - balance
assessment robot for
treadmill walking [148].

Lokomat - Lower Limb ReWalk - Exoskeleton based
Robot System

Rehabilitation robot [131]. on motorized device [131].

Images

TN
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Description

Used for gait rehabilitation is
to facilitate the recovery of
patients with neurological
injuries or muscle weakness
(cost #330k€), [131].

Used for gait rehabilitation for
patients with lower limb
paralysis, (cost *87k€) [131].

Used for Evaluation of
skills  during
walking in post-stroke
patients [148].

balance

Features

Supports total body weight.
Bilateral robotic orthotics with
treadmill and exoskeleton.

Wristwatch-style dial to select
sitting, standing, and walking
modes. Integrated control unit
and Dbattery housed
backpack.

in a

Assessment  of  the
patient's balance skills
during walking is crucial
the
examination.

in clinical

Advantages

Assists patients in performing
gait rehabilitation tasks pre-
defined by physiotherapists.

The Tilt sensors to measure
patient  tilt. with
crutches for greater safety.

Comes

Detects a
number of post-stroke
individuals with reduced
balance abilities.

significant

Low adaptability, the end
actuator is usually in contact
with the patient's body at one

Relies on the use of crutches,
limiting use to people with
upper body strength. Graceful
collapse" reaction to power

Needs
rehabilitation to improve

more

Disadvantages

point,  which be balance.

uncomfortable.

can failure may leave the user in
an uncomfortable position

until someone outside helps.

Walking Assisting Robots

The utilization of different types of walking assistants is contingent upon the level of disability.
For instance, individuals with total paralysis resulting from spinal cord or traumatic brain injuries
may benefit from utilizing a smart wheelchair [150]. Although there are various types of walking
assistants available, a new category has been introduced for intelligent walking assistants. These
robots are designed to assist individuals with moderate upper and lower body strength, as well as
patients in hospitals who require support for daily ambulation and walking exercises [151].

Standard the Intelligent walking assistants (IWA) functionalities include obstacle avoidance and
guidance, user intent prediction, user gait estimation, user speed estimation, and fall detection and
prevention. Cane Walking Assistants (CWA) are like a walking stick and their relatively small size
makes them easy to use both indoors and outdoors. Although small, the CWA provides the necessary
stability for people who are confident enough in their gait to require little or no assistance [152].

The authors, Di et al. 2016, propose an intelligent cane robot that includes an omnidirectional
base, a universal joint that connects the cane to the base, a laser rangefinder (LRF) sensor, a force-
torque (FT) sensor, and a touch panel. They also propose a fall detection and prevention system that
uses a load sensor in the insole that users wear inside their shoes. The combination of load sensor
data, LRF and FT sensor data, acoustic sensors, Charge Coupled Device (CCD), localization cameras
and RGB depth cameras can enable the robot to perform these activities and provide an impedance-
based fall prevention controller [131,152].

A multitude of methodologies and techniques have been proposed for the purpose of assisting
individuals with walking difficulties. These include approaches for regulating the user's gait to
control the robot's movement. Additionally, there are proposals for the incorporation of safety
features, such as fall detection and prevention, as well as obstacle avoidance [152].

Table 11 provides a summary of the principal systems for Walking Assisting Robots in the
hospital environment. It offers a more comprehensive view of these systems through practical cases
in which each system is used, comparing their technical characteristics, advantages and
disadvantages [153,154].


https://doi.org/10.20944/preprints202406.1161.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 June 2024

d0i:10.20944/preprints202406.1161.v1

21

Table 11. Summary Table of Key Walking Assisting Robots system.

Robot System

RT Walker - robot-assisted

EksoGT - gait rehabilitation

Honda Walking  Assist

Device [154].

Images

walker [155].

exoskeleton [156].

Description.

The device is intended for
individuals require
further rehabilitation to
improve their balance, (cost
~1k€)[155].

who

Used for gait rehabilitation for
patients  with
injuries or
~92k€)[156].

spinal cord
strokes, (cost

Used for walking assistance
for people with mobility
difficulties, (cost =9k€) [154].

Features

Equipped with a
motion detection
located on the
Incorporates  a

motion detection system.

user
system

wrist.
six-axis

Wearable exoskeleton
structure. Electric motors in
the for
assistance. Intuitive control

interface for therapists.

joints movement

Lightweight and portable
structure. Integrated sensors
detection.

for motion

Walking assistance motor.

Advantages

Guarantees  safety and
comfort. Real-time control of
assistance braking
torque in response to
detected data.

brakes capable of detecting

and

Automatic

Improves rehabilitation
through natural gait patterns.
Adapts to various patient
sizes.  Offers  adjustable

support according to the

Lightweight design and easy
to use. Promotes
rehabilitation and improves
natural gait. Can be used on
various surfaces.

. . user's ability.
instances of speeding. Y

During the ascent of a slope,
the user's load is reduced
due to the lightweight
nature of the passive walker,
which is not subject to
gravitational force.

Limited availability in some
Requires
customization for each user.

Disadvantages markets.

One of the key advantages of intelligent walking robot rehabilitation systems, such as the cane
robot, is that they can actively assist users in maintaining balance. In the case of the elderly, although
they may still be able to use a conventional cane, in the event of a fall, they will be unable to move
the cane in time to prevent the fall. The cane robot is capable of being controlled to move to an optimal
position to help the user maintain balance using fall detection and prevention algorithms [152,157].
However, the fall detection procedure utilizing a vision-based method required 500 ms, whereas the
time taken for fall detection by monitoring the movement of the center of gravity (COG) was 400 ms
[158].

New methods can detect the risk of falling much faster, thus preventing accidents. For example,
the A center of pressure (COP)-based fall detection (COP-FD) method can be used to prevent slipped,
tripped, or crossed legs. In addition, the Leg-Motion-Based Fall Detection (LM-FD) method can be
employed to accentuate leg movement, thereby reducing the detection time by approximately 80%
(to within 50 ms) [152].

5. Future Directions and Emerging Technologies

The future of healthcare remains unclear, although there are indications of potential future
developments. One emerging trend is the growing importance of digital healthcare, driven by the
need for digital solutions in this domain. In this context, several ambitious proposals have been put
forward, including the concept of a Metaverse for healthcare, which is also related to the Internet of
Medical Things (IoMT) [151,152].


https://doi.org/10.20944/preprints202406.1161.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 June 2024 d0i:10.20944/preprints202406.1161.v1

22

The Metaverse approach to healthcare makes use of the most advanced technologies that can be
employed in the context of digital health, including AI, robotics, quantum computing, IoT, and muti-
robot systems. These systems, when integrated with advanced automation and decision-making
tools, can transform the way medical services are delivered [4,124]. In terms of characteristics,
Metaverse for healthcare should be a highly secure, efficient and professional ecosystem of medical
and healthcare services, based on the Metaverse, with attributes of knowledge, socialization,
digitalization and intelligent perspectives [151,152]. In addition, visualization and teleoperation can
enable complex medical procedures to be carried out remotely, improving access to and the quality
of healthcare. However, for these technologies to be effective, it is necessary to develop new, robust,
reliable and secure solutions that can be used in cybernetic design [4]. Furthermore, these solutions
must be sustainable and easy to implement [152]. The collaboration of all interested parties, including
industry, regulators, professionals, users, legislators and governments, is essential for creating the
necessary infrastructures that will allow these approaches to be implemented in our society [4].
Examples of sectors where this collaboration is already in place include the automotive, aviation and
special exploitation sectors, where many of the technologies mentioned above are already integrated
into procedures and structures, forming part.

For example, in the automotive sector, the use of Al, advanced systems and robotics are already
part of the ecosystem in this field, such as Al-empowered industrial robots (InRos), based on a model
that takes advantage of technology, organizational structure and environment, this paper examines
the adoption of InRos in Auto Component Manufacturing Companies (ACMCs) in the context of an
emerging economy [162]. Another illustration of the integration of Al and advanced robotic systems
into the domain of space exploration is the elucidation of the mental processes of individuals on
board and the facilitation of human-robot collaboration [163]. Space robotics, in conjunction with Al
is currently employed in space programs to construct, repair and maintain satellites and space
structures in orbit [164].

In the aviation industry, there is a plethora of applications in aviation management that assist
airlines in enhancing efficiency, reducing costs and improving customer satisfaction. These
applications employ technologies associated with AI, ML and DL, as well as advanced robotic
systems [165]. Nevertheless, as robotics and Al have already been integrated into other domains and
numerous applications are already functioning autonomously, it is similarly necessary for this
technology to be incorporated into healthcare [4].

In healthcare, automation can improve the accuracy and efficiency of medical procedures, while
multi-robot systems can collaborate in hospital environments to carry out complex tasks. Al-assisted
decision-making can support doctors in choosing the best treatments, and virtualization and
teleoperation can enable the remote execution of surgeries and other critical procedures. Integrating
these emerging technologies into hospitals will not only improve the quality of care but will also
increase patient safety and reduce operating costs. To achieve this, it is essential to develop robust,
reliable, and secure solutions by promoting collaboration between industry, regulators,
professionals, users, legislators and governments. This collaborative approach can create the
necessary conditions for the implementation of these technologies, transforming healthcare in a
similar way to what is already happening in the automotive, aviation and space exploration sectors
[4,151,152,157].

6. Discussion

Why have a robot in the team?

There has been considerable debate surrounding the integration of Al and robots in healthcare.
However, there are numerous aspects of this debate, with one key area being the specific tasks that
robots should perform in healthcare teams. Nurses tend to favor Al and robots for repetitive tasks,
such as monitoring patients, recording and reviewing information in the electronic medical record
system [44].

In the view of medical professionals, the deployment of Al and robots in the field of medicine
and public health is a matter of great importance. However, many of these technologies are not yet
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capable of performing the tasks that are currently required of them, either because they lack the
necessary capabilities or because the health systems in which they are used are not yet equipped to
cope with the demands placed upon them. Examples of such tasks include the carrying out of
scientific research, the implementation of measures to promote and raise awareness, the
improvement of healthcare (preventive medicine), and the organization of campaigns to dissuade
risky behavior [166].

What risks or challenges will I face?

In terms of the potential risks associated with the adoption of Al and robotic systems in
healthcare, many healthcare professionals express concern about the dehumanization of healthcare.
In other words, the dehumanization of medicine is a significant concern for healthcare professionals,
healthcare regulators and patients. One of the most significant challenges associated with the
adoption of Al/carebots is the potential for the dehumanization of healthcare. The integration of new
technologies into healthcare must be carefully considered to ensure that the benefits of human-
centered care are not lost. This includes the prescription of medication, which is a crucial aspect of
healthcare that must be preserved [167].

Interoperability is important in healthcare. There are some good approaches, like the Internet of
Medical Things (IoMT), but this technology needs a new, secure solution that can be used in cyber
design. We need to find sustainable and energy-efficient loMT-enabled healthcare system solutions,
such as future healthcare devices, and study lightweight and efficient intrusion detection systems to
protect IoMT-enabled devices [159]. The IoMT concept takes a Metaverse approach to healthcare,
where these technologies are already integrated into the healthcare ecosystem and related areas
[160,161].

In the multiverse approach, concerns such as the security and privacy of user data are addressed;
to increase trust, it is imperative to ensure user privacy and protect user data from any form of cyber-
attack and information leakage to unauthorized users [159,168].

Another question is, there ethical and legal considerations, most studies are unable to provide
guarantees on how to ensure that Al and robots will work in line with ethical issues. In most studies
pertaining to the challenges of implementing robotic solutions. For healthcare professionals in
general and for patients, there is an urgent need to resolve ethical issues such as shared moral or
hybrid responsibility between Al and humans. The extent to which these systems can be held morally
responsible, as well as the factors influencing their decision-making, is a key area of concern. It is also
important to consider how AI robots can deal with the choice between two or more ethically
debatable options.

One of the big questions is whether we can really say that these systems are morally responsible,
and what factors influence their decision-making. It's also worth thinking about how AI robots
handle the choice between two or more options that are open to debate from an ethical point of view.
For instance, it's important to figure out whether a surgical robot should prioritize saving one
patient's life over another during an unexpected critical situation.

These are questions that haven't been answered yet in a practical way. Most of these approaches
are still in the early stages of development, which contrasts with the rapid technological advances
that have been made recently [169].

It is imperative that legal issues such as liability in the event of medical negligence, the legal
status of Al and autonomous robots be reviewed in society at large, including the healthcare sector.
In consideration of the concerns, it is sufficient to establish a robust and up-to-date legal framework
that can serve as a foundation for new regulations pertaining to healthcare professions and
institutions, as well as a link to other areas and contexts where autonomous technologies are used for
healthcare [170].

How can we resolve the issue of aligning Al values?

In addition to the other issues, there is a need to address the alignment of Al values. This raises
the discussion of how to ensure that Al systems reflect ethical principles and human values. Proper
alignment is crucial to avoid negative consequences such as violence, discrimination and harmful
decisions. Without such alignment, there is a risk that AI will cause social injustice, inequality and
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damage to human beings and the environment. Therefore, the central question is how to develop and
apply ethical guidelines that ensure that Al serves society well [6].

In addition to the issues already discussed, there are still numerous challenges in using robot-
assisted clinical practice. This includes a range of technological, safety, clinical, insurance financial,
psychological, social, ethical and legal issues. The discussion revolves around how to address these
challenges effectively. How can we ensure that robotic technology meets clinical safety standards?
What are the financial and insurance implications of implementing these systems?

Also, how can we address the psychological and social impacts of integrating robots into medical
practice? And finally, what are the ethical and legal considerations that must be resolved to ensure
responsible and equitable implementation? These are fundamental questions that need clear and
practical answers so that robotics can really benefit clinical practice.

7. Conclusions

The demand for digital healthcare is increasingly evident, with the lack of human resources and
the growing pressure on healthcare services. With current developments in Artificial intelligence
(AI), machine learning (ML) and deep learning (DL) in advanced robotic systems, there is a need to
make healthcare systems more resilient, efficient and competitive,

In this article, we study robotic systems, which can be adapted to a healthcare context. Therefore,
with the support of the most recent literature on the subject, the challenges in how to integrate these
systems, considering security and privacy issues, the risk of dehumanization of healthcare, ethical
and legal issues associated with it, have been investigated. In addition, our extended research project
explores the challenges associated with deploying more intelligent and autonomous robotic systems
in healthcare systems such as STAR, BART, PARO.

Due to the limitations of technological maturity, these present their own challenges.
Furthermore, our research encompassed a comprehensive examination of recent advancements in
the field of robotic systems, Al, and their applications in the context of contemporary healthcare, with
a view to facilitating more efficient, secure, and dependable integration.

This entailed a comprehensive review of the following areas: Al, ML, DL, robotics systems,
healthcare, medical technologies, the Internet of Medical Things (IoMT), and the metaverse in
healthcare. Furthermore, we considered the potential of robotic systems to enhance the efficiency of
treatment, processes, and operations (e.g., PARO, Spot, DaVinci).

This entailed research studies investigating the potential for robotic and Al systems to
collaborate with humans in order to save lives. The comprehensive study of these topics not only
contributed to a thorough understanding of the potential of Al and robotic systems, but also provided
valuable insights into the practical implementation and optimization of these systems in the context
of healthcare.

Considering the challenges of robot-assisted clinical practice and following the future directions
and emerging technologies in the hospital context, considering aspects such as automation, muti-
robotic systems, intelligent decision-making, virtualization and teleoperation. However, despite
these technological advances, there are numerous challenges to be overcome in robot-assisted clinical
practice, including technological issues such as the need to develop more intuitive and secure
interfaces; financial and insurance challenges related to the high cost of acquisition and maintenance,
liability in the event of robot error, privacy of patient data, psychological, social, ethical, and legal
issues.
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