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Abstract

Background: Medical robotics has become an integral part of day-to-day healthcare services, 
revolutionizing the way medical procedures are performed and improving patient outcome. 
Aim: This study explored the role of medical robotics in healthcare, focusing on its impact on various 
aspects of patient care. 
Methodology: The methodology used in this study involved a comprehensive review of existing 
literature on medical robotics and its applications in healthcare settings. 
Results: The findings reveals that medical robotics has significantly enhanced the precision, efficiency, 
and safety of medical procedures, leading to reduced invasiveness, and faster recovery times for patients. 
Additionally, medical robotics has enabled healthcare providers to perform complex surgeries with 
greater accuracy and minimal invasiveness, ultimately improving the quality of care for patients. The 
findings obtained from this study also showed that robotic surgery results in fewer complications and 
shorter hospital stays compared to traditional surgical methods. This results in a growing adoption of 
robotic-assisted surgery in various medical specialties, such as urology, gynaecology, and orthopaedics. 
In addition to surgical procedures, medical robotics is also being used in diagnostic and therapeutic 
applications. For example, robotic systems are being developed for minimally invasive procedures, such 
as biopsies and drug delivery. Furthermore, robotic devices are being used in rehabilitation and physical 
therapy to assist patients in regaining mobility and function. 
Conclusion: One of the main concerns is the cost of implementing and maintaining robotic systems, 
which can be prohibitive for some healthcare facilities. Also, there are concerns about the potential for 
errors and malfunctions in robotic systems, which could compromise patient safety. Overall, the 
integration of medical robotics in day-to-day healthcare services has proven to be a game-changer, 
offering new possibilities for the future of healthcare delivery.

Keywords: Medical robotics, Healthcare services, Paradigm shift, Clinical operations.

1. Overview of Clinical Operations
Clinical operations play a crucial role in the healthcare industry, ensuring the smooth and efficient 
delivery of patient care. This field encompasses various activities, including patient management, 
resource allocation, and quality improvement. While some argue that clinical operations are primarily 
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focused on cost reduction and efficiency, it is 
important to recognize that their ultimate goal is to 
enhance patient outcomes and satisfaction. One key 

1
aspect of clinical operations is patient management.  
This involves coordinating and organizing patient 
appointments, admissions, and discharges. By 
streamlining these processes, clinical operations 



Ikpe AE et al Overview of the role of medical robotics...

www.ibommedicaljournal.org 193Ibom Med. J. Vol.17 No.2. May-August, 2024

professionals can minimize wait times and improve 
patient flow. Additionally, effective patient 
management ensures that healthcare providers have 
access to accurate and up-to-date patient 
information, enabling them to make informed 

2
decisions and provide personalized care.  Resource 
allocation is another critical component of clinical 
operations. This involves optimizing the utilization 
of healthcare resources, such as staff, equipment, 
and facilities. By carefully allocating resources 
based on patient needs and demand, clinical 
operations professionals can enhance efficiency and 

3reduce costs.  For example, they may implement 
strategies to minimize staff overtime or improve 
equipment utilization rates. However, it is important 
to strike a balance between cost reduction and 
mainta ining high-qual i ty  care .  Qual i ty  
improvement is a fundamental objective of clinical 
operations. This involves continuously monitoring 
and evaluating the quality of care provided to 
patients. Clinical operations professionals 
collaborate with healthcare providers to identify 
areas for improvement and implement evidence-

4based practices.  By analysing clinical outcomes 
and patient feedback, they can identify trends and 
implement interventions to enhance patient safety 
and satisfaction. Quality improvement initiatives 
also contribute to the overall reputation of 
healthcare organizations and their ability to attract 
and retain patients. It is sometimes perceived that 
clinical operations primarily focus on cost reduction 
and efficiency, potentially compromising patient 
care. However, it is important to recognize that cost 
reduction and efficiency are essential for the 

5sustainability of healthcare organizations.  By 
optimizing resource allocation and streamlining 
processes, clinical operations professionals can 
ensure that limited resources are utilized effectively, 
ultimately benefiting patients. Moreover, the 
emphasis on quality improvement demonstrates a 
commitment to providing safe and effective care. 
Hence, clinical operations play a vital role in the 
healthcare industry by managing patient flow, 
allocating resources, and driving quality 
improvement. While cost reduction and efficiency 
are important considerations, the ultimate goal of 
clinical operations is to enhance patient outcomes 
and satisfaction. By implementing evidence-based 
pract ices  and cont inuously  moni tor ing 

performance, clinical operations professionals 
contribute to the delivery of high-quality care. It is 
crucial to strike a balance between cost reduction 
and maintaining the highest standards of patient 
care.

2. Overview of Medical robotics
Medical robotics refers to the use of robotic systems 
to assist in various healthcare tasks, ranging from 
surgical procedures to patient care. This emerging 
field has gained significant attention due to its 
potential to improve clinical outcomes, enhance 

6patient safety, and optimize healthcare operations.  
Medical robotics has emerged as a revolutionary 
technology in the field of healthcare, transforming 
clinical operations and improving patient outcomes. 
One of the key ground-breaking feature of medical 
robotics is its ability to perform complex surgical 

7
procedures with precision and accuracy.  Robotic 
surgical systems, such as the da Vinci Surgical 
System, enable surgeons to operate with enhanced 
dexterity and control, resulting in reduced surgical 
errors and improved patient safety. The use of 
robotics in surgery has been shown to minimize 
blood loss, decrease postoperative pain, and shorten 
hospital stays. These advancements in surgical 
techniques have revolutionized the field of 
minimally invasive surgery, allowing for smaller 

8
incisions and faster recovery times for patients.  
Furthermore, medical robotics has the potential to 
address the shortage of healthcare professionals by 
augmenting their capabilities. With the aging 
population and increasing healthcare demands, 
there is a growing need for innovative solutions to 
optimize clinical operations. Robotic systems can 
assist healthcare providers in various tasks, such as 
medication administration, patient monitoring, and 

9
rehabilitation.  For instance, robotic exoskeletons 
have been developed to aid in the rehabilitation of 
patients with mobility impairments, enabling them 
to regain independence and improve their quality of 
life. By automating routine tasks, medical robotics 
can free up healthcare professionals' time, allowing 
them to focus on more complex and critical aspects 
of patient care. In addition to improving surgical 
outcomes and augmenting healthcare professionals, 
medical robotics also offers the potential for remote 
healthcare delivery. Telemedicine, facilitated by 
robotic systems, allows healthcare providers to 
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remotely diagnose and treat patients, particularly 
10

those in rural or underserved areas.  This 
technology enables real-time communication 
between patients and healthcare professionals, 
ensuring timely access to medical expertise and 
reducing the need for patients to travel long 
distances for specialized care. Remote healthcare 
delivery through medical robotics has the potential 
to bridge the gap in healthcare access and improve 
health outcomes for individuals in remote or 
resource-limited settings. Despite the numerous 
benefits of medical robotics, there are concerns 
regarding its widespread adoption. One major 
concern is the high cost associated with 
implementing robotic systems in healthcare 
facilities. The initial investment, maintenance, and 
training costs can be substantial, making it 
challenging for smaller healthcare institutions to 

11
afford such technology.  Additionally, there are 
concerns about the potential for job displacement 
among healthcare professionals due to the 
automation of certain tasks. However, proponents 
argue that medical robotics should be viewed as a 
tool to enhance healthcare delivery rather than a 
replacement for human expertise. By automating 
routine tasks, healthcare professionals can focus on 
more complex and critical aspects of patient care, 

12ultimately improving overall healthcare outcomes.  
Hence, medical robotics has revolutionized clinical 
operations by enhancing surgical precision, 
augmenting healthcare professionals, and enabling 
remote healthcare delivery. The benefits of medical 
robotics in improving patient outcomes and 
optimizing healthcare delivery are undeniable. 
However, the high cost of implementation and 
concerns about job displacement should be 
carefully considered. 

3. History of Medical Robotics
Medical robotics is a rapidly advancing field that 
has revolutionized the healthcare industry. Over the 
years, significant advancements have been made in 
the development and application of robotic 
technology in various medical procedures. The 
history of medical robotics can be traced back to the 
early 1980s when the first robotic surgical system, 
known as the PUMA 560, was introduced. 
Developed by the Stanford Research Institute, this 
system was primarily used for neurosurgical 

procedures. Although limited in its capabilities, the 
PUMA 560 laid the foundation for future 

13advancements in medical robotics.  The 1990s 
witnessed significant advancements in surgical 
robotics. In 1992, the first robotic-assisted 
laparoscopic surgery was performed using the 
PROBOT system. This marked a major 
breakthrough in minimally invasive surgery, 
allowing for greater precision and improved patient 

14
outcomes.  Subsequently, the da Vinci Surgical 
System, developed by Intuitive Surgical, was 
introduced in 1999. This system became a game-
changer in the field of robotic surgery, enabling 
surgeons to perform complex procedures with 
enhanced dexterity and control. As medical robotics 
continued to evolve, its applications expanded 
beyond surgical procedures. In the early 2000s, 
robotic technology found its way into rehabilitation 
therapy. Robotic exoskeletons, such as the 
Lokomat, were developed to assist patients with 
mobility impairments in regaining their motor 
functions. These devices provided a new level of 
precision and consistency in therapy, improving 
patient outcomes and reducing the burden on 

15
healthcare professionals.  Another significant 
development in medical robotics was the 
introduction of robotic prosthetics. Advanced 
prosthetic limbs, equipped with robotic technology, 
allowed amputees to regain a greater degree of 
functionality and independence. These prosthetics 
incorporated sensors and actuators that mimicked 
natural movements, providing users with a more 

16
natural and intuitive experience.  In recent years, 
medical robotics has witnessed a surge in 
innovation and adoption. Robotic-assisted surgery 
has become increasingly common, with the da Vinci 
Surgical System being widely used in various 
procedures, including urological, gynaecological, 

17and gastrointestinal surgeries.  Additionally, the 
field of telemedicine has embraced robotics, 
enabling remote consultations and surgeries 

18
through the use of robotic systems.  Looking ahead, 
the future of medical robotics holds immense 
potential. Advancements in artificial intelligence 
and machine learning are expected to further 
enhance the capabilities of robotic systems. This 
includes the development of autonomous surgical 
robots capable of performing complex procedures 
with minimal human intervention. Furthermore, the 
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integration of robotics with virtual reality and 
augmented reality technologies is set to 

19revolutionize medical training and education.  The 
history of medical robotics is a testament to the 
remarkable progress made in the field. From its 
humble beginnings in the 1980s to the present day, 
medical robotics has transformed the way 

20
healthcare is delivered.  Advancements in surgical 
robotics, rehabilitation therapy, and prosthetics 
have improved patient outcomes and quality of life. 

4. Technological Advancements in Medical 
Robotics
In recent years, there have been significant 
advancements in the field of medical robotics, 
revolutionizing the way healthcare is delivered. 
These technological breakthroughs have enabled 
healthcare professionals to perform complex 
procedures with greater precision, efficiency, and 

21safety.  The key advancements in medical robotics 
and their impact on the healthcare industry are 
highlighted as follows:
i. Surgical Robotics: One of the most notable 
advancements in medical robotics is the 
development of surgical robots. These robots are 
designed to assist surgeons during minimally 
invasive procedures, providing enhanced dexterity 

22and precision.  The da Vinci Surgical System, for 
instance, allows surgeons to perform complex 
surgeries with smaller incisions, resulting in 
reduced pain, faster recovery, and improved patient 
outcomes.
ii. Robotic Prosthetics: Another significant 
advancement in medical robotics is the 
development of robotic prosthetics. These devices 
have transformed the lives of individuals with limb 

23
loss or limb impairment.  Robotic prosthetics 
utilize advanced sensors and actuators to mimic 

Figure 1: Wood and aluminium prosthetic arm invented by 
William Robert Grossmith

natural movements, providing users with increased 
mobility and functionality. The DEKA Arm System, 
for example, enables amputees to perform complex 
tasks such as grasping objects with various shapes 
and sizes as shown in Figure 1.
iii. Rehabilitation Robotics: Rehabilitation 
robotics has also witnessed remarkable 
advancements, particularly in the field of physical 

24
therapy.  Robotic exoskeletons (see Figure 2), such 
as the Ekso GT, assist individuals with mobility 
impairments in regaining their ability to walk. These 
devices provide support and guidance, allowing 
patients to engage in repetitive movements that aid 

25in their recovery.
iv. Telemedicine and Remote Surgery: 
Technological advancements in medical robotics 
have also paved the way for telemedicine and 
remote surgery. With the help of robotic systems, 
surgeons can perform procedures on patients 
located in remote areas, eliminating the need for 
patients to travel long distances for specialized care. 
This technology has the potential to improve access 

26to healthcare, particularly in underserved regions.  
Technological advancements in medical robotics 
have revolutionized the healthcare industry, 
enabling healthcare professionals to provide better 
care to patients. Surgical robotics, robotic 
prosthetics,  rehabili tation robotics,  and 
telemedicine have all contributed to improved 
patient outcomes, increased efficiency, and 
expanded treatment options.

5. Future of Medical Robotics
In the future, advancements in artificial intelligence 
and machine learning are expected to further 
enhance clinical robotics. Intelligent robotic 
systems capable of autonomous decision-making 
and learning from past experiences will 
revolutionize surgical procedures. Moreover, the 
integration of robotics with telemedicine 

Figure 2: lower limb exoskeletons
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technologies will enable remote surgeries, 
expanding access to quality healthcare in 
underserved areas. Medical robotics has emerged as 
a promising field in healthcare, offering innovative 

27,28solutions to improve patient care and outcomes.  
As technology continues to advance at an 
unprecedented pace, the future of medical robotics 
holds great potential. The expectations for future's 
medical robotics, focusing on key areas such as 
surgical  procedures,  rehabil i tat ion,  and 
telemedicine are as follows:
i. Surgical Procedures: One of the primary 
expectations for tomorrow's medical robotics is the 
advancement in surgical procedures. Robotic-
assisted surgeries have already shown significant 
benefits, including improved precision, reduced 
invasiveness, and faster recovery times. However, 
future developments are expected to enhance these 

29advantages even further.  With the integration of 
artificial intelligence (AI) and machine learning 
algorithms, surgical robots will become more 
intelligent and capable of autonomous decision-

19
making.  This will enable them to adapt to 
individual patient anatomy, optimize surgical 
techniques, and minimize the risk of complications. 
Additionally, the use of haptic feedback systems 
will provide surgeons with a sense of touch, 
allowing for more precise and delicate movements 
during procedures.
ii. Rehabilitation: Another area with high 
expectations for medical robotics is rehabilitation. 
Robotic devices have already proven their 
effectiveness in assisting patients with physical 
therapy and rehabilitation exercises. However, 
future advancements will focus on enhancing the 
capabilities of these devices to provide personalized 

30,31
and adaptive rehabilitation programs.  Through 
the integration of sensors and AI algorithms, robotic 
rehabilitation devices will be able to monitor 
patients' progress in real-time and adjust the 
intensity and difficulty of exercises accordingly. 
This personalized approach will not only improve 
patient outcomes but also reduce the burden on 
healthcare professionals by automating routine 
tasks. Furthermore, the use of virtual reality and 
gamification techniques will make rehabilitation 
more engaging and enjoyable for patients, 
increasing their motivation and adherence to 

32,33therapy.

iii. Telemedicine: Telemedicine, the remote 
delivery of healthcare services, has gained 
significant traction in recent years. Medical robotics 
is expected to play a crucial role in the future of 
telemedicine, enabling remote diagnosis, 

34,35
monitoring, and treatment.  Robotic telepresence 
systems will allow healthcare professionals to 
remotely examine patients, perform procedures, 
and provide real-time guidance. These systems will 
be equipped with high-definition cameras, 
microphones, and robotic arms, enabling a 
comprehensive examination and interaction with 
patients. Moreover, the integration of AI algorithms 
will enable these robots to analyse medical data, 
provide accurate diagnoses, and recommend 

10
appropriate treatment plans.
The future of medical robotics holds great promise 
in revolutionizing healthcare. Advancements in 
surgical  procedures,  rehabil i tat ion,  and 
telemedicine are expected to significantly improve 
patient care and outcomes. The integration of AI, 
machine learning, and haptic feedback systems will 
enhance the capabilities of surgical robots, making 

36,37procedures more precise and personalized.  
Robotic rehabilitation devices will provide adaptive 
and engaging therapy programs, while telemedicine 
robots will enable remote diagnosis and treatment. 

6. Impact of Clinical/Medical Robotics on Health 
Care Workers
The integration of robotics in the field of healthcare 
has revolutionized the way medical procedures are 
performed. Clinical/medical robotics involves the 
use of robotic systems to assist or replace healthcare 
workers in various tasks, such as surgery, 

6,38rehabilitation, and patient care.  While the 
implementation of robotics in healthcare has shown 
promising results in terms of improved patient 
outcomes and increased efficiency, it is essential to 

Figure 3: Application of robotic surgery in gynaecology
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examine the effects of this technology on health care 
39,40

workers.  The impact of clinical/medical robotics 
on health care workers, focusing on job 
displacement, skill requirements, and the potential 
for improved patient care re as follows:
i. Job Displacement: One of the primary 
concerns associated with the integration of 
clinical/medical robotics is the potential 
displacement of health care workers. As robots 
become more advanced and capable of performing 
complex tasks, there is a fear that they may replace 

41,42
human workers, leading to job losses.  However, 
it is important to note that while robotics may 
automate certain aspects of healthcare, they cannot 
completely replace the expertise and skills of health 
care professionals. Instead, robotics should be seen 
as a tool to enhance the capabilities of health care 
workers, allowing them to focus on more critical 
and complex tasks.
ii. Skill Requirements: The introduction of 
clinical/medical robotics also brings about a shift in 

21,43the skill requirements for health care workers.  As 
robotics technology advances, health care 
professionals need to acquire new skills to 
effectively operate and collaborate with robotic 

12systems.  This includes understanding the 
capabilities and limitations of robots, as well as 
being able to interpret and utilize the data generated 
by these systems. Therefore, it is crucial for health 
care workers to receive adequate training and 
education to adapt to the changing landscape of 
healthcare.
iii. Improved Patient Care: Despite concerns 
about job displacement, clinical/medical robotics 
has the potential to significantly improve patient 

20,44care.  Robotic systems can enhance precision, 
accuracy, and efficiency in surgical procedures, 
leading to reduced complications and faster 
recovery times. For example, application of robotic 
surgery in Gynaecology offers the following 

45benefits illustrated in Figure 3.
iv. Additionally, robots can assist in tasks such 
as patient monitoring, medication administration, 
and rehabilitation, allowing health care workers to 
focus on providing personalized care and attention 
to patients. By automating routine and repetitive 
tasks, robotics can free up time for health care 
professionals to engage in more meaningful 
interactions with patients, ultimately improving the 

overall quality of care.
The integration of clinical/medical robotics in 
healthcare has both positive and negative effects on 
health care workers. While there is a concern about 
job displacement, it is important to recognize that 
robotics should be seen as a tool to enhance the 
capabilities of health care professionals rather than 
replace them. Health care workers need to adapt to 
the changing landscape of healthcare by acquiring 
new skills and knowledge related to robotics 
technology. 

7. Impacts of Robotics on Medical Operations
The integration of medical robotics into healthcare 
practices has had a profound impact on medical 
operations. Firstly, these advancements have 
improved patient outcomes by reducing the risk of 
complications, minimizing surgical errors, and 

45shortening recovery times.  Complex surgeries that 
were once deemed too risky or impossible can now 
be performed with greater precision and safety. This 
has opened up new treatment options for patients, 
leading to improved quality of life and increased 
survival rates. The impacts of robotics on medical 
operations, highlighting the positive impact on 
surgical procedures, patient care, and overall 
healthcare outcomes are as follows:
i. Enhanced Surgical Procedures: One of 
the significant effects of robotics in medical 
operations is the improvement in surgical 
procedures. Robotic-assisted surgeries have 
become increasingly common, allowing for greater 
precision, accuracy, and control during complex 
procedures. The use of robotic systems, such as the 
da Vinci Surgical System, enables surgeons to 
perform minimally invasive surgeries with 
enhanced dexterity and visualization. This results in 
reduced trauma to patients, shorter hospital stays, 

Figure 4: Da Vinci surgical system
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and faster recovery times. Robotic surgical systems, 
such as the da Vinci Surgical System (see Figure 4), 
provide surgeons with a high-definition, three-
dimensional view of the surgical site, allowing for 

46
greater accuracy and control.  This precision 
minimizes the risk of complications, reduces the 
need for invasive procedures, and leads to faster 
recovery times for patients.
ii. Improved Patient Care: Robotics has also 
contributed to improved patient care in medical 
operations. With the assistance of robotic systems, 
healthcare professionals can provide more 

47,48
personalized and efficient care.  For instance, 
robotic exoskeletons have been developed to assist 
patients with mobility impairments, enabling them 
to regain independence and improve their quality of 
life. Additionally, robotic devices can be used for 
rehabilitation purposes, facilitating the recovery 
process for patients with physical disabilities or 
injuries.
iii. Enhanced Healthcare Outcomes: The 
integration of robotics in medical operations has led 

18to enhanced healthcare outcomes.  Robotic systems 
have the potential to reduce human errors and 

12improve the accuracy of diagnoses and treatments.  
For example, robotic imaging systems can provide 
high-resolution images, aiding in the early detection 
of diseases and improving diagnostic accuracy. 
Moreover, robotic-assisted surgeries have shown 
lower complication rates and improved surgical 
outcomes compared to traditional procedures. 
These advancements ultimately lead to better 
patient outcomes and increased overall healthcare 
efficiency.
iv. Enhanced Efficiency and Workflow: 
Robotics in hospital and clinical management also 

49
contribute to improved efficiency and workflow.  
Automated systems can perform repetitive tasks, 
such as medication dispensing or sample analysis, 
with greater speed and accuracy than human 
counterparts. This allows healthcare professionals 
to focus on more complex and critical aspects of 

43
patient care, ultimately leading to better outcomes.  
Additionally, robotic systems can streamline 
administrative tasks, such as appointment 
scheduling and patient record management, 
reducing the burden on healthcare staff. The use of 
robotics allows for smaller incisions, resulting in 
reduced trauma to the patient's body. This leads to 

faster recovery times and shorter hospital stays, 
ultimately reducing healthcare costs.
v. Improved Accessibility and Remote 
Care: Another significant benefit of robotics in 
hospital and clinical management is the potential to 
improve accessibility to healthcare services, 

50
particularly in remote or underserved areas.  
Telemedicine, enabled by robotic technology, 
allows healthcare professionals to remotely 
diagnose and treat patients, reducing the need for 
physical visits. This not only saves time and 
resources but also ensures that patients receive 
timely care, regardless of their geographical 
location. Moreover, robotic systems can be used to 
assist patients with limited mobility, enabling them 
to perform daily activities and maintain 

51,52independence.
vi. Enhanced Visualization and Surgical 
Planning: Another significant development in 
clinical robotics is the integration of advanced 
imaging technologies. Robotic systems often 
incorporate high-definition cameras, providing 
surgeons with enhanced visualization during 

53
procedures.  This allows for better identification of 
anatomical structures and precise navigation within 
the surgical site. Furthermore, the integration of 
virtual reality and augmented reality technologies 
has enabled surgeons to plan and simulate surgeries 
beforehand, improving surgical outcomes and 
reducing the risk of complications.
The impacts of robotics on medical operations are 
undeniably positive, with significant improvements 
in surgical procedures, patient care, and healthcare 
outcomes. The integration of robotic systems has 
allowed for enhanced precision, accuracy, and 
control during surgeries, resulting in reduced 
trauma and faster recovery times. 

8. Basic Components of Medical Robotics
Robotics is a rapidly advancing field that involves 
the design, development, and application of robots. 

Figure 5: Robotic-assisted surgery
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Robots are machines that can perform tasks 
autonomously  or  wi th  minimal  human 

19intervention.  They are composed of various 
components that work together to enable their 
functionality in various field of applications. The 
basic components of robotics and their significance 
in the medical field are as follows:
i. Sensors: Sensors are a crucial component of 
robotics as they provide robots with the ability to 

54
perceive and interact with their environment.  
These sensors can include cameras, infrared 
sensors, ultrasonic sensors, and touch sensors, 
among others. Cameras enable robots to capture 
visual information, while infrared and ultrasonic 
sensors allow them to detect objects and measure 
distances. Touch sensors provide robots with the 
ability to sense physical contact. By utilizing 
sensors, robots can gather data about their 
surroundings and make informed decisions based 

55
on that information.
ii. Actuators: Actuators are responsible for the 
movement and manipulation of robots. They 
convert electrical energy into mechanical energy, 
enabling robots to perform physical tasks. The most 
common types of actuators used in robotics are 
motors and servos. Motors provide rotational 
motion, while servos offer precise control over 
angular movement. Actuators allow robots to 
perform a wide range of actions, such as walking, 

56-58grasping objects, and manipulating tools.
iii. Controllers: Controllers serve as the brain 
of a robot, responsible for processing sensory 
information and generating appropriate commands 
for the actuators. They consist of microprocessors or 
microcontrollers that execute algorithms and 

59,60control the overall behaviour of the robot.  
Controllers receive input from sensors, interpret the 
data, and generate output signals to drive the 
actuators. The efficiency and intelligence of the 
controller greatly influence the performance and 
capabilities of the robot.
iv. Power Supply: A reliable power supply is 
essential for the operation of robots. Robots can be 
powered by various sources, including batteries, 
fuel cells, or direct electrical connections. For 
example, the combination of a hydrogen fuel cell 
with a water-splitting electrolyser driven by solar 
energy has been employed in powering mobile 

61robots.  The choice of power supply depends on the 

specific requirements of the robot, such as its size, 
mobility, and energy consumption. The power 
supply must be capable of providing sufficient 
energy to drive the actuators and power the 

62controller for extended periods of operation.
v. Mechanical Structure: The mechanical 
structure of a robot refers to its physical body and 
framework. It provides support for the various 
components and determines the robot's shape, size, 

63
and mobility.  The mechanical structure must be 
designed to withstand the forces and stresses 
associated with the robot's intended tasks. It should 
also be lightweight and durable to ensure efficient 
and reliable operation.
Robotics is a multidisciplinary field that 
encompasses various components working together 
to create intelligent machines for effective use in 
medical field. Sensors enable robots to perceive 
their environment, while actuators provide them 
with the ability to move and manipulate objects. 
Controllers serve as the brain of the robot, 
processing sensory information and generating 
commands for the actuators. A reliable power 
supply is crucial for the operation of robots, and the 
mechanical structure provides support and 
determines the robot's physical characteristics. 

9. Applications of Robotics in Medical Field
By examining the advancements in robotic 
technology, the transformative potential of robotics 
in healthcare can highly be appreciated. The general 
applications and uses of robotics in these sectors, 
highlighting their significant contributions to 
improving patient outcomes, enhancing surgical 
precision, and increasing efficiency are enumerated 
as follows:
i. Robotic-Assisted Surgery: One of the 
most prominent applications of robotics in 
healthcare is robotic-assisted surgery. Robotic 
surgical systems, such as the da Vinci Surgical 
System, have enabled surgeons to perform complex 

64
procedures with enhanced precision and dexterity.  
These systems utilize robotic arms controlled by 
surgeons, providing a greater range of motion and 
minimizing the risk of human error. Studies have 
shown that robotic-assisted surgery results in 
reduced blood loss, shorter hospital stays, and faster 
recovery times for patients. The integration of 
robotics in surgery has undoubtedly improved 
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patient outcomes and revolutionized the field of 
minimally invasive procedures. Figure 5a shows 
surgeons operating on a patience’s arm using a robot 
while Figure 5b shows robot-assisted laparoscopic 
surgery.
ii. Rehabilitation and Physical Therapy: 
Robotics has also found extensive applications in 
rehabilitation and physical therapy. Robotic 
exoskeletons and assistive devices have been 
developed to aid patients with mobility 
impairments, such as those with spinal cord injuries 

65or stroke survivors.  These devices provide support 
and assistance during therapy sessions, enabling 
patients to regain strength, improve motor function, 
and enhance their overall quality of life. Research 
has shown that robotic-assisted rehabilitation can 
lead to significant improvements in patients' motor 
skills and functional abilities. By incorporating 
robotics into rehabilitation programs, healthcare 
professionals can offer more effective and 
personalized treatment options.
iii. Telemedicine and Remote Healthcare: 
The integration of robotics in healthcare has also 
facilitated the expansion of telemedicine and remote 
healthcare services. Telemedicine allows healthcare 
providers to remotely diagnose, monitor, and treat 
patients, particularly those in remote or underserved 
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areas.  Robotic telepresence systems enable 
physicians to virtually interact with patients, 
conduct examinations, and provide real-time 
medical advice. This technology has proven 
particularly valuable during the COVID-19 
pandemic, as it reduces the risk of viral transmission 
while ensuring patients receive timely medical 
attention. The use of robotics in telemedicine has the 
potential to bridge the gap in healthcare access and 
improve healthcare delivery for underserved 
populations.
iv. Efficiency and Automation: In addition to 
improving patient care, robotics has also enhanced 
efficiency and automation in healthcare settings. 
Robotic systems can perform repetitive tasks, such 
as medication dispensing, sample analysis, and 
inventory management, with greater accuracy and 
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speed than human counterparts.  This automation 
reduces the burden on healthcare professionals, 
allowing them to focus on more complex and 
critical aspects of patient care. Furthermore, 
robotics can streamline administrative processes, 

optimize resource allocation, and minimize errors, 
ultimately leading to cost savings and improved 
healthcare delivery.
The integration of robotics in hospitals, healthcare, 
and the medical field has transformed patient care, 
surgical procedures, and healthcare delivery. 
Robotic-assisted surgery, rehabilitation and 
physical therapy, telemedicine, and automation 
have all contributed to improved patient outcomes, 
enhanced efficiency, and increased accessibility to 
healthcare services. 

10. Conclusion and Recommendations
This argumentative study provides a comprehensive 
analysis of the key points surrounding medical 
robotics in clinical operations. Medical robotics has 
the potential to revolutionize clinical operations by 
enhancing surgical precision, reducing surgical 
complications, streamlining healthcare processes, 
improving surgical outcomes, increasing the 
efficiency of healthcare delivery, and ensuring 
patient safety. However, challenges such as cost, 
training, and ethical considerations need to be 
addressed for the widespread adoption of medical 
robotics. With further advancements and research, 
medical robotics can play a crucial role in 
transforming the clinical field and improving 
patient care. The conclusions drawn from this study 
highlight the significant benefits of medical robotics 
in clinical settings. However, further research, 
training, and cost-effective solutions are necessary 
to fully realize the potential of medical robotics in 
healthcare. By addressing the following 
recommendations, healthcare professionals can 
leverage medical robotics to provide superior 
patient care and improve clinical outcomes.
i. Continued Research and Development: 
To fully harness the potential of medical robotics in 
clinical operations, further research and 
development are necessary. Researchers should 
focus on refining existing robotic systems, 
developing new applications, and exploring 
innovative ways to integrate robotics into various 
clinical specialties. This will require collaboration 
between engineers, clinicians, and researchers to 
ensure the development of safe, effective, and user-
friendly robotic technologies.
ii. Training and Education: As medical 
robotics becomes more prevalent in clinical 
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operations, healthcare professionals must receive 
adequate training and education to effectively 
utilize these technologies. Institutions should invest 
in training programs that provide comprehensive 
knowledge and hands-on experience with medical 
robotics. This will ensure that healthcare 
professionals are proficient in operating robotic 
systems and can maximize their benefits in patient 
care.
iii. Cost-effectiveness and Accessibility: 
While medical robotics offers numerous 
advantages, cost-effectiveness and accessibility 
remain significant challenges. The high initial 
investment and maintenance costs associated with 
robotic systems can limit their widespread adoption. 
Therefore, it is crucial to focus on developing cost-
effective solutions and exploring reimbursement 
options to make medical robotics more accessible to 
healthcare facilities of all sizes.
Acknowledgement: The authors of this paper 
acknowledges Dr. Edidiong Akpan of the 
University of Uyo Teaching Hospital for his 
contributions, guidance and tutelage in the course of 
this study.

References

1.  Teisberg E, Wallace S, O'Hara, S. Defining and 
Implementing Value-Based Health Care: A 
S t r a t e g i c  F r a m e w o r k .  A c a d .  M e d .  
2020;95(5):682-685.

2. Mosadeghrad AM. Factors Affecting Medical 
Service Quality. Iranian J. Pub. Health, 
2014;43(2):210-220.

3. Bodina A, Pavan A, Castaldi S. Resource 
allocation criteria in a hospital. J. Preventive 
Med. Hyg. 2017;58(2):E184-E189.

4. Yinusa A, Faezipour M, Optimizing Healthcare 
Delivery: A Model for Staffing, Patient 
Assignment, and Resource Allocation. Appl. 
Sys. Innov. 2023;6(5):78.

5. Nilsen P, Seing I, Ericsson C, Birken SA, 
Schildmeijer K. Characteristics of successful 
changes in health care organizations: an 
interview study with physicians, registered 
nurses and assistant nurses. BMC Health Serv. 
Res. 2020;20(147):1-8.

6. Morgan AA, Abdi J, Syed MAQ, Kohen GE, 
Barlow P, Vizcaychipi MP. Robots in 

Healthcare: a Scoping Review. Current Robot. 
Reprt. 2022;3(4):271-280.

7. Ashrafian H, Clancy O, Grover V, Darzi A. The 
evolution of robotic surgery: surgical and 
anaesthetic aspects. British J. Anaesthesia, 
2017;119(1):i72-i84.

8. Chiou H, Chiu L, Chen C, Yen Y, Chang C, Liu 
W. Comparing robotic surgery with laparoscopy 
and laparotomy for endometrial cancer 
management: A cohort study. Int. J. Surg. 
2015;13:17-22.

9. Ohneberg C, Stöbich N, Warmbein A, 
Rathgeber I, Mehler-Klamt AC, Fischer U, et al. 
Assistive robotic systems in nursing care: a 
scoping review. BMC Nurs. 2023;22(1):72.

10. Haleem A, Javaid M, Singh RP, Suman R. 
Telemedicine for healthcare: Capabilities, 
features, barriers, and applications. Sense Int. 
2021;2:100117.

11. Abbas A, Bakhos C, Petrov R, Kaiser L. 
Financial impact of adapting robotics to a 
thoracic practice in an academic institution. J. 
Thoracic Disease. 2020;12(2):89-96.

12. Deo N, Anjankar A. Artificial Intelligence with 
Robotics in Healthcare: A Narrative Review of 
I t s  V i a b i l i t y  i n  I n d i a .  C u r e u s ,  
2023;15(5):e39416.

13. Lanfranco AR, Castellanos AE, Desai JP, 
Meyers WC. Robotic surgery: a current 
perspective. Annals of Surg. 2004;239(1):14-
21.

14. Leung T, Vyas D. Robotic Surgery: 
Applications. American Journal of Robotic 
Surg. 2014;1(1):1-64.

15. Brassetti A, Ragusa A, Tedesco F, Prata F, 
Cacciatore L, Iannuzzi A, et al. Robotic Surgery 
in Urology: History from PROBOT to HUGO. 
Sensors (Basel), 2023;23(16):7104.

16. Marks LJ, Michael JW. Science, medicine, and 
the future: Artificial limbs. Brit Med J. 
2001;323(7315):732-5.

17. Palep JH. Robotic assisted minimally invasive 
surgery. J. Minimal Acc. Surg. 2009;5(1):1-7.

18. Weerarathna IN, Raymond D, Luharia A. 
Human-Robot Collaboration for Healthcare: A 
N a r r a t i v e  R e v i e w .  C u r e u s ,  
2023;15(11):e49210.

19. Soori M, Arezoo B, Dastres R. Artificial 
intelligence, machine learning and deep 



Ikpe AE et al Overview of the role of medical robotics...

www.ibommedicaljournal.org202 Ibom Med. J. Vol.17 No.2. May-August, 2024

learning in advanced robotics, a review. 
Cognitive Robot. 2023;3:54-70.

20. Vallès-Peris N, Barat-Auleda O, Domènech M. 
Robots in Healthcare? What Patients Say. Int. J. 
Env. Res. Publ. Health, 2021;18(18):9933.

21. Bohr A, Memarzadeh K. The rise of artificial 
intelligence in healthcare applications. Artf. 
Intel. Healthcare, 2020;2:25-60.

22. Reddy K, Gharde P, Tayade H, Patil M, Reddy 
LS, Surya D. Advancements in Robotic 
Surgery: A Comprehensive Overview of 
Current Utilizations and Upcoming Frontiers. 
Cureus, 2023;15(12):e50415.

23. Bumbaširević M, Lesic A, Palibrk T, 
Milovanovic D, Zoka M, Kravić-Stevović T, et 
al. The current state of bionic limbs from the 
surgeon's viewpoint. EFORT Open Reviews, 
2020;5(2):65-72.

24. Krebs HI, Volpe BT. Rehabilitation Robotics, 
H a n d b o o k  o f  C l i n i c a l  N e u r o l o g y.  
2013;110:283-94.

25. Read E, Woolsey C, McGibbon CA, O'Connell 
C. Physiotherapists' Experiences Using the 
Ekso Bionic Exoskeleton with Patients in a 
Neurological Rehabilitation Hospital: A 
Qualitative Study. Rehabilitation Res. Pract. 
2020;8:2939573.

26. Picozzi P, Nocco U, Puleo G, Labate C, Cimolin 
V. Telemedicine and Robotic Surgery: A 
Narrative Review to Analyse Advantages, 
Limitations and Future Developments. Elect. 
2024;13(1):124.

27. Loftus TJ, Filiberto AC, Balch J, Ayzengart AL, 
Tighe PJ, Rashidi P, et al. Intelligent, 
Autonomous Machines in Surgery. J. Surg. Res. 
2020;253:92-99.

28. Rivero-Moreno Y, Rodriguez M, Losada-
Muñoz P, Redden S, Lopez-Lezama S, Vidal-
Gallardo A, et al. Autonomous Robotic Surgery: 
H a s  t h e  F u t u r e  A r r i v e d ? .  C u r e u s ,  
2024;16(1):e52243.

29. Biswas P, Sikander S, Kulkarni P. Recent 
advances in robot-assisted surgical systems. 
Biom. Eng. Adv. 2023;6:100109.

30. Laut J, Porfiri M, Raghavan P. The Present and 
Future of Robotic Technology in Rehabilitation. 
Current Phy. Med. Rehabilitation Reprt. 
2016;4(4):312-319.

31. Payedimarri AB, Ratti M, Rescinito R, 

Vanhaecht K, Panella M. Effectiveness of 
Platform-Based Robot-Assisted Rehabilitation 
for Musculoskeletal or Neurologic Injuries: A 
Systematic Review. Bioengineering (Basel). 
2022;9(4):129.

32. Tuah NM, Ahmedy F, Gani A, Yong LN. A 
Survey on Gamif ica t ion for  Heal th  
R e h a b i l i t a t i o n  C a r e :  A p p l i c a t i o n s ,  
Opportunities, and Open Challenges. Info. 
2021;12:91.

33. Jingili N, Oyelere SS, Nyström MBT, 
Anyshchenko L. A systematic review on the 
efficacy of virtual reality and gamification 
interventions for managing anxiety and 
d e p r e s s i o n .  F r o n t .  D i g i t a l  H e a l t h .  
2023;5:1239435.

34. Haleem A, Javaid M, Singh RP, Suman R. 
Medical 4.0 technologies for healthcare: 
Features, capabilities, and applications. Internet 
of Things and Cyber-Phy. Sys. 2022;2: 12-30.

35. Wang R, Lv H, Lu Z, Huang X, Wu H, Xiong J, 
et al. A Medical Assistive Robot for Telehealth 
Care During the COVID-19 Pandemic: 
Development and Usability Study in an 
I s o l a t i o n  Wa r d .  J M I R  H u m .  F a c t .  
2023;10:e42870.

36. Pakkasjärvi N, Luthra T, Anand S. Artificial 
Intelligence in Surgical Learning. Surg. 
2023;4(1):86-97.

37. Bergholz M, Ferle M, Weber BM. The benefits 
of haptic feedback in robot assisted surgery and 
their moderators: a meta-analysis. Sci. Reprt. 
13, 19215.

38. Silvera-Tawil D. Robotics in Healthcare: A 
Survey. SN Comp. Sci. 2024;5:189.

39. Soriano GP, Yasuhara Y, Ito H, Matsumoto K, 
Osaka K, Kai Y, et al. Robots and Robotics in 
Nursing. Healthcare (Basel). 2022;10(8):1571.

40. Denecke K, Baudoin CR. A Review of Artificial 
Intelligence and Robotics in Transformed 
H e a l t h  E c o s y s t e m s .  F r o n t .  M e d .  
2022;9:795957.

41. Davenport T, Kalakota R. The potential for 
artificial intelligence in healthcare. Future 
Healthcare J. 2019;6(2):94-98.

42. Hazarika I. Artificial intelligence: opportunities 
and implications for the health workforce. Int. 
Health, 2020;12(4):241-245.

43. Coombs C, Hislop D, Taneva SK, Barnard S. 



Ikpe AE et al Overview of the role of medical robotics...

www.ibommedicaljournal.org 203Ibom Med. J. Vol.17 No.2. May-August, 2024

The strategic impacts of Intelligent Automation 
for knowledge and service work: An 
interdisciplinary review. J. Strategic Info. Sys. 
2020;29(4):101600.

44. Sahoo SK, Choudhury BB. Challenges and 
opportunities for enhanced patient care with 
mobile robots in healthcare. J. Mechatron. Artf. 
Intl. Eng. 2023;4(2):83-103.

45. Patel N, Chaudhari K, Jyotsna G, Joshi JS. 
Surgical Frontiers: A Comparative Review of 
Robotics versus Laparoscopy in Gynecological 
Interventions. Cureus, 2023;15(11):e49752.

46. Koulaouzidis G, Charisopoulou D, Bomba P, 
Stachura J, Gasior P, Harpula J, et al. Robotic-
Assisted Solutions for Invasive Cardiology, 
Cardiac Surgery and Routine On-Ward Tasks: A 
Narrative Review. J. Cardiovascular Dev. 
Disease. 2023;10(9):399.

47. Ozturkcan S, Merdin-Uygur E. Humanoid 
service robots: The future of healthcare? J. Info. 
Tech. Teaching Cases. 2022;12(2):163-169.

48. Amjad A, Kordel P, Fernandes G. A Review on 
Innovation in Healthcare Sector (Telehealth) 
through Artificial Intelligence. Sust.  
2023;15(8):6655.

49. Zayas-Cabán T, Haque SN, Kemper N. 
Identifying Opportunities for Workflow 
Automation in Health Care: Lessons Learned 
from Other Industries. Applied Clinical 
Informatics, 2021;12(3):686-697.

50. Le KH, La TXP, Tykkyläinen M. Service quality 
and accessibility of healthcare facilities: digital 
healthcare potential in Ho Chi Minh City. BMC 
Health Services Research, 2022;22:1374.

51. Shawwa L. The Use of Telemedicine in Medical 
Education and Patient Care. Cureus, 
2023;15(4):e37766.

52. Stoltzfus M, Kaur A, Chawla A, Gupta V, 
Anamika FN, Jain R. The role of telemedicine in 
healthcare: an overview and update. Egyptian J. 
Int. Med. 2023;35:49.

53. Masamune K., Hong J. Advanced Imaging and 
Robot ics  Technolog ies  fo r  Medica l  
Applications. International Journal of 
Optomechatronics, 2011;5(4):299-321.

54. Albustanji RN, Elmanaseer S, Alkhatib A.A. 
Robotics: Five Senses plus One-An Overview. 
Robot. 2023;12(3):68.

55. Ben-Ari M, Mondada F. Sensors. In: Elements 

of Robotics. Springer, Cham, 2018; ISBN: 978-
3-319-62533-1.

56. Masia L. Actuation. In: Nee, A. (eds) Handbook 
of Manufacturing Engineering and Technology. 
Springer, London, 2015; ISBN: 978-1-4471-
4670-4.

57. Xie D, Chen L, Liu L, Chen L, Wang H. 
Actuators and Sensors for Application in 
Agricultural Robots: A Review. Mach. 
2022;10(10):913.

58. Li W, Hu D, Yang L. (2023) Actuation 
Mechanisms and Applications for Soft Robots: 
A Comprehensive Review. Appl. Sci. 
2023;13(16):9255.

59. Husbands P, Shim Y, Garvie M, Dewar A, 
Domcsek N, Graham P, et al. Recent advances in 
evolutionary and bio-inspired adaptive robotics: 
Exploiting embodied dynamics. Appl. Intel. 
2021;51:6467-6496.

60. Lazzeri N, Mazzei D, Cominelli L, Cisternino A. 
De Rossi DE. Designing the Mind of a Social 
Robot. Appl. Sci. 2018;8(2):302.

61. Liang Z, He J, Hu C, Pu X, Khani H, Dai L, et al. 
Next-Generation Energy Harvesting and 
Storage Technologies for Robots Across All 
Scales. Adv. Intel. Sys. 2023;5(4):2200045.

62. Mikołajczyk T, Mikołajewski D, Kłodowski A, 
Łukaszewicz A, Mikołajewska E, Paczkowski 
T, et al. Energy Sources of Mobile Robot Power 
Systems: A Systematic Review and Comparison 
of Efficiency. Appl. Sci. 2023;13(13): 7547.

63. Maj K, Grzybowicz P, Drela WL, Olszanowski 
M. Touching a Mechanical Body: The Role of 
Anthropomorphic Framing in Physiological 
Arousal When Touching a Robot. Sensors. 
2023;23(13):5954.

64. Shah J, Vyas A, Vyas D. The History of Robotics 
in Surgical Specialties. American J. Robot. 
Surg. 2014;1(1):12-20.

65. Jarrassé N, Proietti T, Crocher V, Robertson J, 
Sahbani A, Morel G, et al. Robotic 
exoskeletons:  a  perspect ive for  the  
rehabilitation of arm coordination in stroke 
patients .  Front .  Hum. Neuroscience,  
2014;8:947.

66. Sharma S, Rawal R, Shah D. Addressing the 
challenges of AI-based telemedicine: Best 
practices and lessons learned. J. Edu. Health 
Promotion, 2023;12:338.

67. Raza MA, Aziz S, Noreen M, Saeed A, Anjum I, Ahmed M, et al. 
Artificial Intelligence (AI) in Pharmacy: An Overview of Innovations. 
Innov. pharm. 2022;13(2):24926.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

