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ABSTRACT

The integration of robotics into the management systems in hospitals has transformed the health care
delivery system, making medical procedures much more efficient and accurate, especially in the
operating room. The paper outlines the various types of robots used in hospitals; the role of robotics
in surgical operations; and management frameworks that efficiently ensure deployment of robotic
systems in health care environments. Most sources refer to how these technologies challenge the
hospitals and the opportunities they will offer to hospitals to help them improve in the treatment
outcome concerning the patients as well as enhance the efficiency of their operations.

Keywords: Robotics, Hospital Management Systems, Surgical Robots, Operating Room,
Healthcare Automation, Medical Robotics.

INTRODUCTION

Robotic systems are increasingly showing up in hospitals as a way of coping with issues that
determine quality care, reduce human error and increase operational efficiency. Undoubtedly, no area
has arguably witnessed more dramatic use from robots within the operating room than that of
performing minimally invasive procedures, precision surgeries, and processing real-time data on behalf
of surgeons. The use of robots for management systems in hospitals and its application in the OR
logistic, technical, as well as the regulatory aspects in this relation will be discussed within this paper .

One of the most impactful applications of robotics in healthcare is in the operating room (OR),
where robotic systems are revolutionizing surgical practices. Robotic surgery, once a concept limited to
science fiction, is now a reality in hospitals around the world. Systems like the da Vinci Surgical
System and MAKO Robotic-Arm Assisted Surgery have enabled surgeons to perform complex
procedures with unprecedented precision and minimal invasiveness. These systems offer the potential
to significantly reduce human error, improve patient outcomes, and shorten recovery times. By
enhancing surgical dexterity, providing real-time high definition visualization, and minimizing trauma
to surrounding tissue, surgical robots are helping to push the boundaries of what is possible in the
operating room.

Beyond the surgical procedures themselves, robots are also being integrated into the broader
management framework of hospitals. They assist in key administrative and logistical functions such as
transporting medical supplies, disinfecting surgical instruments, and even assisting in patient
monitoring. These technologies reduce the strain on hospital staff and ensure that clinical workflows
are more efficient, particularly in high-stress environments like the OR.

Hospital management systems (HMS), which integrate various elements of a healthcare
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institution's operations—from patient care to financial management—are evolving to incorporate
robotic systems as part of the hospital's digital infrastructure. These management systems, when paired
with robotic technologies, allow for enhanced coordination of tasks, more accurate real-time data
analysis, and overall improved management of hospital resources. For instance, surgical robots are not
standalone devices; they are part of a larger ecosystem that includes hospital information systems
(HIS), electronic medical records (EMRs), patient management systems, and logistical frameworks.

Despite the many advantages, the deployment of robots in healthcare also raises a number of
important considerations. The high costs of robotic systems, the need for specialized training, and the
complexities of system integration pose challenges for widespread adoption. Moreover, regulatory
hurdles and concerns about the ethical implications of replacing human decision-making with machine
algorithms in critical care setting require careful attention. As healthcare providers seek to adopt these
technologies, they must balance the promise of innovation with the practical and regulatory realities of
implementation. This paper seeks to explore the role of robots in hospital management systems, with a
specific focus on their use in the operating room. It will delve into the technologies driving this change,
the benefits these systems bring to both surgeons and patients, and the management challenges
hospitals face in integrating robotics into their clinical workflows. Finally, it will look toward the
future, considering emerging trends such as the use of artificial intelligence (Al) in robotic systems, the
potential for remote surgeries, and the broader applications of robotics.

Figurel: Robot-Assisted Medical Procedures and Workflow
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TECHNOLOGICAL OVERVIEW
Types of Robots of Health-Care Services:

Surgical Robots: Systems such as the da Vinci Surgical System and MAKO Robotic-Arm Assisted
Surgery aid surgeons in attaining minimally invasive surgeries with greater ease, precision, and control.
Hospital-type Assistive Robots: such as TUG Robots may be performing logistical tasks that involve
moving materials or are Moxi Robots with enhanced operational workflows within the hospital.

Telepresence Robots: They are used in an attempt to allow remote access of health professionals to the
patients or other health care professionals, especially in areas with insufficient health personnel.

Major Function of Robotic Devices in Operating Rooms:

Support in Surgery: For example, da Vinci systems offer a robotic surgery modality that supports
dexterous motions with superior dexterity, higher vision, and movement precision.

Automation of Surgery: Many simple surgeries - such as suturing, cutting, or even cauterizing,
surgeons can automate with the least involvement in surgery.

Remote Surgery: Tele-surgery by robotic systems can continue the practice of remote operations and
can further help gain better access by the underprivileged to specialist care.

INTEGRATION OF ROBOTICS

Hospital Information Systems (HIS)

Flow and Communication: Robotic systems are integrated with the already existing HIS so
that information can be shared, this includes patient records, surgical procedures, and logistics
for the operation. From the robotic system and the HIS, real-time updates will flow and
patient-specific guidance while performing surgeries.

Patient Monitoring: The patient monitoring systems are integrated with the robotics systems,
thus ensuring that infusing such critical patient information into the surgical flow, including
heart rate and oxygen levels, etc.

Hospital Logistics Management

Robotics Transport Systems: In the modern hospital scenario, robots are widely used for the
transportation of medication, patient samples, and medicine, thereby relieving the hospital
staff from considerable loads and, thus optimizing the workflow.

Inventory and Supplies Management: Robotics automation in supply chain management
systems allows for the tracking of surgical instruments and equipment inventory so as to
reduce mistakes that occur due to missing of some surgical instruments during surgery.

Automation of Surgical Workflow

Scheduling and Coordination: Advanced algorithms together with Al-driven systems enable
hospitals to schedule surgeries in a very efficient manner, and include the robotic systems as
part of their operational workflow. In this regard, robots could be used for sterilizing surgical
equipment between operations.

There are many roles but salient in coordinating an OR, which is the ability to support real

ISSN: 2583-9055 https://jcse.cloud/ 66



https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)

Vol 3, No 1, January 2025

PP 64-78

p o
o, <
J pugLiCcK

time communication of surgical teams and immediate patient data and even pre-surgical
images like MRIs and intraoperative monitoring.

CHALLENGES AND BARRIERS TO ADOPTION

Cost and Investment:

The acquisition and maintenance cost of robotic systems is very high, and the investment may
turn out expensive for hospitals, especially in less resource-intensive settings. The cost-benefit
case for robotic systems needs to be explicit about improvements in surgical outcome, shorter
recovery times for patients, and service delivery efficiency in general.

Technological Complexity:

Integration Challenges are there in Robotic systems which require highly integration with
already extant healthcare infrastructure, which is often significantly complex and very
resource-intense. Training and Acceptance of Surgeons and their medical staff must be
specifically trained to operate on patients using robotic systems. Additionally, there has to be
appropriate continuing professional development and training programme for the safe and
efficient use of technology.

Regulatory and Ethical Issues:

FDA and Medical Approvals: All robotic systems must pass all requirements, in the United
States for instance, FDA approval, to allow it to be used in the clinical setting. The longest
lines of approvals can thus also be the reason that deters new robotic systems from entering
the clinical practice. Liability and Responsibility is also raised on questions of liability versus
accountability whenever complications occur or when an error happens during surgery.

CASE STUDIES

Case Study:1

Da Vinci Surgical System End

This revolutionary technology came in the shape of the Da Vinci Surgical System that would
soon turn out to be one of the world leaders in terms of precision, control, and versatility in
minimally invasive surgery in the operating room. One such device from the early 2000's, this
medical instrumentation was invented by Intuitive Surgical to make it possible for surgeons to
execute complex procedures through small incisions with greater precision. The three
subsystems making up this system include a console for the surgeon who sits to control the
robotic arms, a patient-side cart which accommodates three or four interactive robotic arms,
and a 3D vision system. Surgical instruments attached to these arms can bend and rotate far
more than a human hand can, thereby improving surgical precision over delicate procedures.
The Da Vinci system was used in a wide range of surgeries since its origin, including urology
and gynaecology, along with cardiothoracic operations. This could be reflected in the case
studies as the blood loss decreased, complications were minimized, hospital stay became
shorter, and recovery quicker for the patients. However, a high price of the system, including
purchase price and costs of maintenance and training, have, until now, been major
impediments to the diffusion of the system. For example, on the experience of the treatment of
prostate cancer at Johns Hopkins Hospital, it was documented that with this system,
postoperative pain had been provided minimally while recovery me compared with open
surgery had been significantly reduced. The same critics, who debate on learning curves and
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cost-effectiveness, believe that the system is a great leap in many ways toward minimally
invasive surgery techniques. This way, in a sense, is illustrating how technology can make
medical outcomes rewarding and forward-moving because it encourages continuous
innovation in patient care.

Case Study:2
MAKO Robotic-Arm Assisted Surgery

MAKO Robotic -Arm Assisted Surgery is a Stryker designed system that has revolutionized
joint replacement procedures, bringing accuracy and ultimate patient outcomes in the outcome.
It is normally applied to both knee and hip arthroplasty procedures, integrating robotic
technology with sophisticated so ware to come up with a specific surgical plan directed at the
anatomy of every individual. Using 3D CT-based modeling as a pre-operative planning device,
surgeons can actually map out the right approach and positioning of the implant itself, even
before actually entering the opera on room. In procedure, the MAKO robotic arm aids the
surgeon in availing removal of only the defined areas of the bone with tactile and visual
guidance so that no harm is caused to the tissue surrounding so that the patient discomfort is
kept at bay.

Patient results and studies revealed that pa ents spend less me in pain, recover faster, and have
better joint function than other traditional procedures. A case study done at Mayo Clinic
confirmed that the surgeons realized greater confidence in attaining more accurate positioning
of the implants, this highly increases the longevity of the implant and satisfaction of the
patient. Other advantages were a reduced readmission rate in the patients in this study as their
complications were well minimized and also a short hospital stay. While the MAKO system
does draw a lot of upfront investment, several hospitals have already found it economical in
the long run because there are fewer rates of revision and faster recovery for the patients. An
example of how robotics and real time technology may bring surgical precision to greater
heights is the MAKO robotic-arm system, which plays an important role in orthopedic surgery.

FUTURE TRENDS AND OPPORTUNITY

Artificial Intelligence in Surgery and Machine Learning

This would mean in-depth interlinking with Al systems, which would predict surgical
outcomes, help in the process of decision-making, and guide surgeons on how to perform the
surgery.

Collaborative Robotics

Human-Robot Collaboration: Subsequently, the author continues to design cobots,
collaborative robots which can be beneficial for the real-me opera on of surgeons and bound to
come up with higher accuracy as well as efficiency, especially in minimal invasive surgeries.

Expanding the Reach of the Robot: Surgery is Only the Beginning

Except for the role of supporting patients, in hospitals, robots will be more importantly used
especially during rehabilitation times and can even be able to diagnose some diseases so they
can take care of the patient fully.

SUCCESSFUL ATTEMPTS OF ROBOTS IN SURGERIES
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1. Da Vinci Surgical System for Minimally Invasive Surgery: The Da Vinci robot has been
heavily used in surgeries such as prostatectomies, cardiac valve repairs, and gynecological
surgeries. It is used for the most complex surgeries with the use of small incisions thereby
reducing recovery periods, scarring, and pain among the patients. Their success rates are
usually high through improved precision and dexterity.

2. MAKO Robotic System for Orthopedic Surgery: MAKO helps in joint replacement,

primarily knee and hip replacement. It enables surgeons to model a patient's anatomy into 3D,
very accurately allowing for the precise placement of implants, cutting down complications
and improving longer-term results. Studies note high success rates with speedy recovery.
3. ROSA Robot for Neurosurgery: The ROSA, or Robotic Operating Surgical Assistant,
robot assists in complex neurosurgical procedures, which include brain biopsies and epilepsy
surgery. The precision of placing electrodes and other surgical tools is maximized, thus
reducing human error and increasing safety while increasing the success rate of delicate brain
procedures.

4. Cyber-Knife for Radiosurgery: Cyber-Knife is a non-invasive form of radiation therapy
applied by a robotic system to help treat cancer. The application is ideal for reaching most of
the tumors without significantly damaging the surrounding issues especially in the brain,
spine, and lungs. Cyber-Knife has widely been reported for successful treatment of difficult or
inoperable tumors. Thus, it presents as an alternative to surgery.

5. Spine Assist for Spinal Surgeries: Spine Assist is the robotic platform used in spine

surgeries, especially for the placement of screws and even complex spinal fusions. Its accuracy
helps improve surgical results and minimize complications associated with spinal implants,
such as misalignment.
6. Navio Surgical System for Knee Surgery: The Navio system is used for partial and total
knee replacements and supports the use of a robot to plan and perform the very customized
alignment of knees. The Navio system is precise and helps avoid misplacement of implants,
reducing the patient's postoperative pain and increasing their mobility.

7. Hugo Robotic-Assisted Surgery for Laparoscopic Procedures: Hugo is an all-purpose
system, especially for laparoscopic cholecystectomies, hernia repair, and hysterectomies. It
allows for less invasive surgeries with less blood loss, fewer complications, and faster
recovery times. Modular in design, the system makes it accessible to hospitals of various sizes.

8. ExcelsiusGPS for Spinal and Orthopedic Surgery: ExcelsiusGPS assists in spinal and
orthopedic surgeries by ensuring accurate screw and implant placement under the guidance of
a surgeon. The precision in the minimally invasive procedure has restricted the risks, dura on,
and recovery me, which makes it very effective for spine alignment surgeries.

UNSUCCESSFUL ATTEMPTS OF ROBOTS IN SURGERIES

1. Technical Failure: This is the cases whereby the so ware or hardware in robotic systems
fail during surgery and complicate the process. For instance, a robotic arm might fail to work
hence damaging the issues around the site.

2. Inadequate Resection of the Tumor: Residual cancer cases may arise from failure to
adequately resect the tumor during robotic-assisted cancer surgeries. For instance, some
prostatectomies do not fully remove the disease due to poor visualization and flexibility.

3. Vascular Injuries: Major blood vessels have sometimes been torn during robotic surgery.
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This may lead to intense bleeding and conversion to open surgery.

4. Learning Curve Problems: The first users of the robotic surgical systems are likely to
have a steep learning curve. Complications are more reported in the initial cases the surgeon
performs, and usually, this is when patients undergo complex procedures like laparoscopic
surgery under robot assistance.

5. Some patients can develop postoperative infections with robotic surgeries complicating the
recovery process and, sometimes, even necessitating interventions.

DISADVANTAGES OF PRESENT ROBOTICS

This way, despite the hospital management systems having a lot of efficiencies, accuracy, and
care for patients, they have many downsides in that they might affect the hospitals, staft, and
the patients:
Very Costly to Install and Maintain: The robotic systems require very high costs for
installing and maintaining. It requires huge upfront investments as well as even further
extensive maintenance and upgrade of so ware in order to maintain it. Such high costs might
impose a heavy financial burden on hospitals, especially smaller ones, which do not have
massive budgets.
Technical Failure Potential According to the authors, any system must not also be a case of
an exception to technology failure which may sometimes cause systems downtime to affect
critical services in hospitals. Technical failure can bring about costly breakdowns and in some
instances may even compromise the safety of patients during critical procedures when these
errors are spotted during critical procedures.
Loss of Human Touch: Traditionally, patient care resides in a personal bond with healthcare
professionals, which automatically gets diluted with the use of robots. There may be instances
in terms of patient interaction where empathy is not felt, which is important for patient
satisfaction and psychological self-recovery.

Limited Flexibility: Most of the developed robotic systems, however are totally task
dependent and inflexible, meaning that making them do something for a different task is
problematic. Unlike humans, even robots may find it difficult to adjust to what would appear
as unforseen situations, which can be a limitation in this dynamic and unpredictable
environment.

Privacy and Data Security Issues: In the management of hospitals with robots, data are
collected and processed which necessarily deals with private information regarding patients. A
good lack of security will then expose such systems to cyber threats, which could be achieved,
thus bringing breaches of patient data as well as privacy infringement.

Robot Cuts: The introduction of robots in a hospital will also cut down their workers because
it is likely that some of the work traditionally done will be reduced in scope, even including
hospital administration and basic patient care. As such, this transition will impact job security
and overall morale negatively.

ALGORITHMS USED IN ROBOTICS

Algorithms on Motion Control: When doing surgery, robots have to move with precision. To
do this, inverse kinematics helps calculate the exact movement needed for the robotic arm to

ISSN: 2583-9055 https://jcse.cloud/ 70



https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)

Vol 3, No 1, January 2025

PP 64-78

b o
o, <
J pugLiCcK

reach a specific point in 3D space. These algorithms, allied with path planning, sketch out the
safest and most efficient routes for instruments, avoiding any potential obstacles as well.
Computer Vision and Image Processing: Robotic systems are equipped with superior vision
capabilities. It can segment images of medical structures, such as organs or tumors, and
highlight them. Feature recognition is the ability to spot a specific anatomical feature or issue
during the surgery itself, providing real time insights to the surgical team.

Haptic Feedback Algorithms: The surgeons rely much on their sense of touch. The robotic
systems allow the simulation of touch by haptic feedback; therefore, the algorithms developed
can give a sensa on for tactile perception similar to a resistance or texture in a tissue, making it
feasible for surgeons to gain proper control during delicate maneuvers.

Data Fusion Algorithms: In most scenarios, the robot will have to use several imaging
techniques such as CT or MRI scans to source information. Algorithms of data fusion take all
these images and merge them into one clear image of the surgical site. The comprehensive
view is what increases the capability of the navigation and targeting of the robot to ensure
precision in its operations.

Machine Learning and AI: The more the technology advances, the smarter the robotic
systems become. Predictive algorithms analyze previous surgical data to predict the outcome
and potential complications. Also, with robotic learning, these systems get be er techniques
over time by learning from previous surgeries, making them more effective with each
procedure.

Control Systems: For accuracy, robotic arms are used with PID controllers, Proportional
-Integral -Derivative. The control systems in such machines ensure that instruments remain on
track and operate flawlessly during the entire surgery process.

Figure2: Smart Healthcare System
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Simulation Algorithms: Preparation is very basic before any surgery. Simulation algorithms
allow surgeons to prepare and carry out procedures in a simulated environment so that they are
more confident when they go into the operating room.

Real-time Monitoring and Adjustment: The surgical environment can rapidly change during
surgery. Real-me monitoring algorithms continuously evaluate the surgical environment,
providing robots with the ability to adjust the positioning of their instruments and techniques
based on live feedback to enhance both safety and efficacy.

FUTURE ROBOTICS ALGORITHMS

Conflict-Free Task Allocation

Algorithm: Multi-Agent Systems (MAS), Market-Based Algorithms

They ensure the highest work assignment and people to the robots. This way, no robot waits
for any interference of another robot or a person. It reduces bottlenecks in the workflows.
Apart from that, it removes some delays for which people have to face in doing tasks, such as
carrying patients or sending materials around.

Robots are Better Coordinated

Algorithm: Distributed Consensus Algorithms

Advantage: The robots work coordinately without having to take the human effort into
coordination; they conclude by minimizing as much conflict and making optimal use of the
resources available in the hospital. Algorithms of such a nature ensure real-time coordination
between the robots, therefore, avoiding accidents. This does, therefore, cause tasks such as
assisting patients and logistics to be carried out harmoniously.

ISSN: 2583-9055 https://jese.cloud/ 72


https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)

Vol 3, No 1, January 2025

PP 64-78

Smooth Navigation in Dynamic Environments

Algorithm: Adaptive Path finding, Reinforcement Learning (RL)

Advantage: Nomadic robots update their route plans adaptively to avoid the actual hospital
staff or machines and reduce the me taken in traveling. Thus, it will provide maximum
efficiency with lower probabilities of accidents like being blocked by the robots and
interference with patient care.

Less Downtime and High Reliability

Algorithm: Predictive Maintenance Algorithms

Advantage: This model would predict the failure even before failure takes place. In return, the
maintenance would proactively cancel the breakdown during the crucial tasks while
undergoing the procedure. Therefore, the hospital robotic systems would always work since
the service interruptions would be minimal.

Safe and Effective Human-Robot Interaction

Algorithm: NLP and Computer Vision

Advantage: Such algorithms make robots to interact much more intuitively with patients and
other staff, hence the patients have a comfortable and safe experience. Robots are able to
decipher orders spoken and understand human body language; this makes robots better suited
in assisting patients and other hospital staff.

Economical Resource Utilization

Algorithm: Al-Driven Task Prioritization

Advantage: Operations with Al can enable operationalizing of hospitals. Consequently,
operational cost becomes lower. Prioritised operations are performed by algorithms of
robotics, among which there are algorithms transferring emergency patients or allocating
ready resources-instant equipment-alignment within a hospital.

Improved Patient Safety and Satisfaction

Algorithm: Real-Time Adaptive Decision Making

Advantage: This is because the activity of the robot can be configured in real me according to
the needs of the patient or changes in the environment. This essentially means that in a
hospital setup, the robot may decide to shun a high-traffic area or adjust levels of assistance
with the response received from the patient. At large, this leads to improved safety for patients
and the efficiency of a hospital's overall system due to reduced human error.

The newly introduced algorithms instead replace the old ones through assimilation, which can
potentially upgrade the efficiency levels of the robotic systems, correspondingly; on the other
hand, care to patients and hospital operation may also be upgraded.
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ROBOTICS USAGES IN MARKET SIZE:
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Figure3: Bar chart representing the usage in Market Size.

One of the most promising health care sectors is the market of Robotic Process Automation,
which will explode from 1.4 billion in 2022 to 14.18 billion by 2032 at compound annual
rates. RPA increasingly represents a generational shift in healthcare by streamlining very
complex workflows, automating repetitive and time-consuming functions with an aim towards
maximized operational efficiency. Automation of mundane and tedious process facilitates
health care professionals to save administrative cost and reduce me taking error-prone routine
procedures and spend more of their me on patients over years and resources. Market Growth
Projection for the years 2025 to 2030 comprises 2.78 billion US dollars, 5.56 billion US
dollars, and 8.87 billion US dollars, in that sequence, for 2025, 2028, and 2030, which depicts
an acceleration in growth.

Some implementations of RPA in the health sector include application and claims billing,
these tend to assist in processing and bringing in cash inflow in real-time. The staff makes
schedules for appointments to maximize me with direct patients. Electronic record
management of health because this secures the genera on of accurate data, which happens to
make it easy, processing patient data for regulatory compliance and quality assurance. Such
automation of procedures benefit therefore in increasing accuracy, making the experience of a
patient less painful through reduced waiting me and smooth transaction with health providers.

The thus growing need within the health care systems, from cutting costs while handling
volumes of patient data that have arisen from aging populations and the upswings in chronic
diseases, fuel a deep pressing need for RPA. Beyond that, regulations in health care with the
applicability of HIPAA bring out a requirement for much sterner needs of data privacy and
security that RPA automations itself leads with its capability of being able to ensure constant
complaint data handling and reports.

It is representing a trend to move closer to RPA engagement in predictive analytics of patient
outcomes, advanced decision support systems, and personalized patient care. Due to the fact
that this RPA technology is continuously being developed, it needs to integrate deeper into Al
for delivering extremely proactive and adaptive solutions for automation.

FINDS ON SURVEY:
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Here is an table comparing findings from a survey on robotics in hospital management system
specially focusing on robotic assistance in the operating room.

Respondents Respondents Neutral

Survey Parameter in Favor (%) Against (%) (%) Key Insights

Improved Surgical 85% 5% 10% Majority agree that rohotic systems

Precision enhance surgical accuracy,
particularly in minimally invasive
surgeries.

Reduction in 70% 20% 10% Many believe robots reduce

Surgery Time operating times, but concerns exist
about initial setup delays.

Cost of 40% 50% 10% High implementation costs are a

Implementation major barrier for wider adoption in
smaller healthcare facilities.

Ease of Integration 60% 30% 10% Most find integration feasible with
proper training and technical
support.

Patient Outcomes 80% 10% 10% Improved patient recovery rates

and Satisfaction and satisfaction are commonly
reported with robotic-assisted
procedures.

Staff Training 65% 20% 15% Training demands are high but

Requirements considered manageable with
proper investment in educational
programs.

Regulatory and 50% 35% 15% Some respondents are concerned

Safety Concerns about meeting regulatory
standards and ensuring system
reliability.

Maintenance and 45% 40% 15% Concerns about ongoing

Downtime maintenance costs and potential

system downtimes are notable

challenges.
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