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Abstract: The convergence of biomedical science and robotics has ushered in an era of innovation
and transformation within healthcare. This article, delves into the profound impact of this synergy,
showcasing their symbiotic relationship and the potential they hold in revolutionizing patient care,
medical research and healthcare delivery. From the evolution of surgical robots to advancements in
medical imaging, we explore how this collaboration is redefining the boundaries of what’s achievable.
The exploration extends to social robots that alleviate caregiver workloads and therapeutic robots that
aid patient recovery. While the benefits are evident, challenges and ethical considerations are also
scrutinized. As we explore the dynamic intersection of technology and medicine, a promising
transformation emerges, offering the potential for improved clinical outcomes and fresh opportunities
in healthcare. This article aims to offer readers insights into the importance, challenges and possible
future advancements in the fusion of biomedical science and robotics. It serves as a call to action for
researchers, scientists and healthcare professionals to continually push the boundaries, explore
uncharted territories and leverage this synergy to bring us closer to a world of healthier and happier
lives.
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1. Introduction

Imagine a surgical suite where a highly skilled surgeon is accompanied by an extraordinary
assistant. However, this assistant is not a fellow human but a precision-guided robot. Imagine this robot
delicately suturing tissues with unparalleled accuracy, potentially reducing recovery times and even
saving lives. These scenarios are not confined to the realms of science fiction, they are swiftly
becoming a reality in today’s operating rooms and medical facilities. In the domain where biomedical
science converges with robot-assisted surgery, innovation meets precision, setting the stage for a
transformative journey that holds the promise of revolutionizing clinical outcomes. This article
embarks on an exploration of this cutting-edge intersection, uncovering its remarkable potential and
delving into the challenges that lie on the horizon [1].

Biomedical robots also referred to as medical robots or healthcare robots, are specialized robotic
systems made for a range of uses in the medical and healthcare industries. These robots can carry out
specific activities in clinical settings, research labs, and other healthcare locations since they are outfitted
with cutting-edge technology, sensors and precise control mechanisms. Numerous uses for biomedical
robots exist, such as robotic surgery, patient care and assistance, medical imaging and diagnostics,
rehabilitation and more [2]. In the realm of healthcare, the dynamic interplay between biomedical science
and robotics has ushered in a new era of innovation and transformation [3]. The convergence of these
two fields has not only redefined the boundaries of medical practice but has also opened up exciting
possibilities for enhanced clinical outcomes. This review article, titled “Exploring the nexus of
biomedical science and robots for enhanced clinical outcomes,” delves into the profound impact of this
synergy on healthcare delivery, patient care and medical research. Here, we illuminate the significance
of biomedical science and robotics in healthcare, showcasing their symbiotic relationship and how they
collectively stand as a beacon of hope in the pursuit of better health and improved quality of life [4].

The concept of utilizing robotics in surgical procedures was initially conceived in 1967, but it
remained a distant aspiration for approximately three decades. It wasn’t until the United States
Department of Defense established research entities that we began to witness the gradual emergence
of the first surgical robots, designed to perform a variety of tasks [5]. These early robotic systems were
primarily employed in military contexts, particularly on battlefields. Today, one of the most rapidly
advancing domains in the integration of robotics within healthcare is the field of surgery. Its primary
objective is to augment human capabilities and address inherent limitations in surgical practices.
Surgical robots have found extensive utilization in performing over a million surgical procedures
across various branches of the healthcare industry [6]. Artificial intelligence plays a crucial role by
providing real-time alerts to surgeons and offering pertinent recommendations during surgical
procedures. Deep learning data proves invaluable in tailoring surgical approaches that are most suitable
for individual patients. Additionally, robotics contributes to bridging the gap for patients residing in
small towns and rural areas by enabling access to expertise that is often concentrated in larger cities
and less accessible to remote populations [7]. Robotics extend their impact beyond the operating room
and find valuable roles in clinics and outpatient settings, ultimately elevating patient care. Notably,
during the COVID-19 pandemic, robots played a pivotal role in screening individuals with suspected
infections at healthcare facility entrances. This intersection of biomedical science and robotics is also
evident in research laboratories, where these advanced machines adeptly tackle repetitive and manual
tasks, liberating scientists to focus on more intricate aspects of their work, and thereby accelerating
the pace of discoveries [8].
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Furthermore, within the context of this exploration, therapeutic robots emerge as key players in
post-stroke, paralysis and traumatic brain injury rehabilitation. These robots diligently monitor patients
as they engage in prescribed exercises, delivering precise assessments of motion in various positions,
surpassing the capabilities of the human eye. Additionally, social robots become instrumental in patient
interactions, serving not only as companions but also as motivators and sources of support,
exemplifying the synergy between biomedical science and robotics in advancing clinical outcomes [9].
Medical robots play a crucial role in optimizing processes and mitigating risks, rendering them highly
adaptable for a wide range of applications. For instance, robots possess the capability to independently
clean and arrange patients’ rooms, thereby reducing the potential for interpersonal contact in wards
dedicated to infectious diseases. In this context, human support robots (HSR) are employed specifically
for cleaning tasks. Additionally, robots equipped with medicine identification software assist in the
efficient dispensing of medications to patients within hospital settings. This level of support allows
healthcare personnel to allocate more of their time to directly providing care to patients [10].

The potential for medical robotics to enhance the precision and capabilities of physicians in
surgical procedures is substantial. The utilization of robots in medicine can be categorized in various
ways. While diverse clinical applications are under exploration, it’s important to recognize that the
field of medical robotics is still in its early stages, and we are just embarking on this journey. Currently,
only a few commercial companies are operating in this space, and the annual sales of medical robots
remain quite limited [11]. This is partly due to the complexity of the medical environment, which
makes the adoption of new technology challenging. Furthermore, the successful execution of a medical
robotics project demands a collaborative partnership between engineers and clinicians, which can be
challenging to establish. In terms of technological challenges and research areas within medical
robotics, there’s a need for advancements in system components such as system architecture, software
design, mechanical design, imaging-compatible designs, user interfaces and safety measures [12].

Many different industries, including the automotive, aerospace, medicinal, culinary, construction
and electronics sectors, heavily rely on 3D printing (3DP) technology [13]. Even in this day and age,
traditional large robots are still made using classical manufacturing techniques for a variety of industrial
purposes [ 14]. Among these techniques’ most notable drawbacks are their high energy consumption rates
and material waste. As a result, researchers are always looking for cutting-edge technology to advance
the creation of soft robotics and other intelligent devices [15]. Robots at the micro- and nanoscale can
likewise be produced using 3DP/4DP technology [16]. There are certain limits to traditional micro-
fabrication procedures concerning material selection, design and geometries [17]. Small-scale 4DP
technology has demonstrated great promise for the development of soft robotics and actuators in the
domains of mechanical, material science and biomedical engineering [18]. These robots employ
cutting-edge integrated technology that includes micro- and nanoscale chemistry, control systems,
smart/intelligent materials and acoustics [19]. This technology combines the key characteristics of 3DP,
such as its repeatability, reproducibility and controllability, with auxiliary technological advancements
like the modeling of innovative 3D-structured soft robots. With the use of particular stimuli, dedicated
researchers have built shape memory polymer (SMP) based soft robots. As an illustration, Keneth et
al. [20] developed various 3D printable SMP inks with controlled transition and melting temperatures.

As the realms of biomedical science and robotics intertwine, they bring with them the promise of
revolutionary advancements in healthcare. However, this collaboration is not without its share of
formidable challenges and complexities. Understanding and addressing these issues are paramount for
harnessing the full potential of biomedical science and robots in improving clinical outcomes [21].
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This review article embarks on a journey to dissect and navigate these challenges. From ethical
dilemmas surrounding autonomous surgical robots to the intricacies of integrating cutting-edge
technology into the established healthcare infrastructure, we will scrutinize the hurdles that must be
overcome. In doing so, we aim to provide a comprehensive understanding of the multifaceted
landscape that lies ahead, where biomedical science and robotics are poised to redefine the future of
healthcare. The purpose of this review article is to illuminate the transformative potential of the
collaboration between biomedical science and robotics in the field of healthcare. In doing so, we seek
to provide a comprehensive understanding of how this convergence addresses the limitations of current
health practices and offers solutions for improved clinical outcomes. Our review will encompass an
exploration of the significance of this interdisciplinary synergy, an examination of the pressing
challenges and ethical considerations it presents and an in-depth analysis of its practical applications.
Throughout this article, we will preview key points, ranging from the positive impact on patient care
to the ethical concerns associated with robotic integration, providing readers with a roadmap to
navigate the intricate landscape where science and technology converge to redefine the future of
healthcare.

2. Review methodology

A comprehensive search strategy was employed to identify relevant sources for this review article,
which explores the intersection of biomedical science and robotics for enhanced clinical outcomes.
Academic databases, including PubMed, Web of Science and Scopus, were systematically queried to
retrieve pertinent studies, reviews and reports published between 2010 and the present. The search
strategy incorporated precise keywords such as “Biomedical Science”, “Robotics”, “Healthcare
Innovation”, “Clinical Outcomes” and “Technology Integration” to ensure the identification of studies
at the nexus of these fields.

In line with predefined inclusion and exclusion criteria, articles, reviews and reports that directly
addressed the research question were selected. The inclusion criteria stipulated that chosen sources be
written in the English language, discuss recent advances in biomedical science applied in the context
of clinical outcomes, explore the integration of robotics in healthcare innovation and encompass
studies conducted between 2010 and 2023. This rigorous search methodology was designed to capture
a comprehensive and up-to-date body of literature, facilitating a robust analysis of the subject matter.

3. Medical robots for biomedical applications

In the not-so-distant future, your surgeon might not have a heartbeat, yet their hands will be as
steady as a rock. Imagine a world where a patient’s recovery doesn’t just depend on human expertise
but is significantly enhanced by the precise movements of a robotic scalpel. This is the captivating
reality that unfolds at the nexus of biomedical science and robotics. As we venture into this remarkable
intersection of technology and medicine, we witness a transformation that promises to revolutionize
clinical outcomes, offering new hope and opportunities in the realm of healthcare. From diagnostics
to surgery and patient care, the collaboration of science and machines is forging a path toward
unprecedented advancements in healthcare [22].

Today, the exploration of the synergy between biomedical science and robotics is of paramount
significance. Recent advancements in biomedical science have opened new frontiers in healthcare,
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while robotic technology has become increasingly sophisticated. This nexus promises to revolutionize
clinical outcomes, offering more precise diagnostics, personalized treatments and enhanced patient
care. Moreover, in the face of the ongoing COVID-19 pandemic, the deployment of robots in
healthcare settings to reduce pathogen exposure underscores the urgency of this topic. The
convergence of these fields has the potential to address pressing healthcare challenges, making it a
timely and pivotal subject of inquiry [23].

Micro robots and nanorobots are small-scale manipulable devices at the micrometer and
nanometer scale that have applications in many fields and have attracted a lot of interest in the
healthcare field [24]. The small size of these devices makes it feasible to execute far less invasive
operations instead of surgery and non-targeted chemical and radiation therapy, which is particularly
useful in the healthcare sector [25]. This greatly facilitates sickness diagnosis and detection and
reduces the risk of infection, complications, side effects and patient recovery time. Furthermore, they
are widely used in other laboratory-based biomedical applications such as biological fluid property
studies, tissue and genetic engineering, and imaging [26]. Robots operate at micro and nanoscales by
magnetic field actuation, including their actuation techniques and biomedical applications. Magnetic
fields are useful in biomedicine because of the body’s permeability to magnetic fields and their
minimal interaction with tissues below magnetic field magnitudes of 3 Tesla (T) [27]. The main use of
magnetic nanotechnology in biomedicine in the early phases was the use of magnetic nanoparticles
(MNPs), whose manipulation mostly hinged on how magnetic materials respond to magnetic field
gradients [28]. Magnetic separation for laboratory synthesis and analysis, magnetic drug targeting,
imaging, hyperthermia and diagnostics are a few of these applications [29]. Figure 1 summarizes the
present uses of micro/nanorobots in biomedical applications. In vivo and in vitro applications are the
two main groups into which they can be divided. We have presented the common uses for medical
micro-robots, with typical illustrations provided in Figure 2.

Biomedical applications of
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Figure 1. The biomedical applications of magnetic micro/nanorobots [30].
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Figure 2. Advanced micro-robotics for biomedical applications [31].
3.1. Understanding the role of robots in medicine

Robotics, a rapidly evolving field driven by artificial intelligence (AI), has seen substantial
integration into the realm of surgical medicine over the past few decades. These surgical robotic
systems, initially introduced in 1985, have become a common sight in operating rooms. Their primary
role is to assist in surgical procedures, offering a level of precision and stability in surgical actions.
These systems are typically operated or supervised by human experts. A prime example is the da Vinci
Surgical System, approved by the Food & Drug Administration (FDA), which stands as one of the
most prevalent robotic systems used in minimally invasive surgeries. It utilizes multiple robotic arms
remotely controlled by a console, effectively replicating a surgeon’s hand movements and delivering
precise actions while filtering out tremors [32]. Furthermore, substantial strides are being taken in the
advancement of autonomous robots capable of independently executing specific tasks, offering
valuable time-saving benefits in surgical practice. Notably, robots equipped with the ability to
autonomously perform tasks like suturing and cochleostomy have already been created. It is hoped
that ongoing advancements in deep learning and computer vision will pave the way for the automation
or semi-automation of various medical procedures, promising increased efficiency and precision in
healthcare settings [33].

The comparison table below provides an overview of various robots used in biomedical
applications (Table 1). They are currently being implemented in hospitals and treatment centers to
improve the quality of care and patient outcomes.
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Table 1. Comparison table of various robots used in biomedical applications.

Robot name Application(s)

Key features

Benefits

da Vinci Surgical
Robot [34].

Surgical procedures

Xenex Germ-
Zapping Robot [35]

Disinfection of hospital
rooms

PARO Therapeutic  Improving the quality of

Robot [36] life during recovery

CyberKnife [37] Radiation therapy for
tumors

TUG [38] Hospital material

transportation

3D high-definition
vision, precise
incisions

Pulsed UV rays, kill
infectious bacteria
Interactive, resembles
an animal
Sub-millimeter
precision, non-
invasive
Autonomous, sensor-
equipped, navigates

Enhanced control,
faster patient healing

Reduces hospital-
acquired infections
Reduces stress,
provides comfort
Precise tumor
targeting, minimal
radiation

Efficient material
transport frees up

hospital staff

Medical robotics has ushered in a paradigm shift in the healthcare landscape. It’s revolutionized
surgical procedures, streamlined the delivery of essential supplies and liberated healthcare
professionals to focus on patient care. Intel boasts a wide-ranging tech portfolio catering to medical
robot development, encompassing surgical aids, modular systems and autonomous mobile robots. The
inception of medical robots dates back to the 1980s, with the early versions primarily assisting
surgeons through robotic arms [39]. However, as time has progressed, the integration of Al, computer
vision and data analytics has broadened the scope of medical robots, extending their impact across
various facets of the healthcare sector. Today, robots have expanded their role from the confines of the
operating room to various clinical settings, where they play a crucial role in assisting healthcare
professionals and elevating the quality of patient care. Beyond surgical applications, hospitals and
clinics have embraced the use of robots in a broader spectrum of tasks, especially in response to the
pressing need to minimize exposure to pathogens during the ongoing COVID-19 pandemic [40].

The field of medical robotics is in its early stages and has emerged as a result of technological
advancements in recent decades. The systems currently in use have not been around long enough to
support long-term studies, and the full scope of the potential benefits offered by medical robots remains
not completely understood. Medical robotics has undergone only a few technological shifts, and the
technology is rapidly evolving and expanding into new domains. Nevertheless, by examining the
present market and representative research systems, informed predictions can be formulated regarding
the influence of robots on the near future of healthcare [41].

In the realm of surgical robotics, there’s been a shift away from autonomous or semi-autonomous
actions, moving instead towards collaborative manipulation and the concept of virtual fixtures. In this
context, robots serve as guidance tools, offering information and, occasionally, gentle physical
guidance to assist surgeons in maintaining precision. This approach necessitates the accurate tracking
of tissues within the surgical area, even as they undergo manipulation during the procedure [40]. As
the development of medical robots continues into new medical domains, alternative tools may also
start fulfilling roles currently occupied by robots. To remain relevant, medical robots must demonstrate
a clear and substantial contribution to improved medical outcomes. Otherwise, they run the risk of
being overshadowed by advancements in pharmaceuticals, tissue engineering, gene therapy and the
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rapid innovation of manual surgical tools like the SPIDER Surgical System by TransEnterix and the
EndoStitch by Covidien. Consequently, the evolution of medical robotics should prioritize addressing
real healthcare challenges, ultimately offering a tangible enhancement in the quality of life compared
to other available options [42].

Robotics and automation find applications in research laboratories, streamlining the automation
of laborious, repetitive and high-capacity tasks. This shift enables technicians and scientists to redirect
their efforts towards more strategic responsibilities, ultimately accelerating the pace of scientific
discoveries [43]. Efficient processes and risk mitigation through medical robotics offer benefits across
various domains. For instance, robots can independently undertake the cleaning and preparation of
patient rooms, contributing to a reduction in person-to-person interactions within infectious disease
units. Furthermore, robots equipped with Al-driven medication identification software expedite the
process of identifying, matching and dispensing medicines to hospital patients. With advancing
technology, robots will progressively operate with greater autonomy, eventually completing specific
tasks entirely independently. This evolution will free up doctors, nurses and other healthcare
professionals to allocate more of their time to direct patient care [44].

Technological developments, enhancements in medical imaging and growing acceptance of
laparoscopic operations and robotic aid are driving forces behind the expansion of medical robotics.
According to the Robot Institute of America’s definition from 1979, a robot is a multipurpose,
reprogrammable manipulator with the ability to carry out a variety of preprogrammed motions [45].
Robots are usually good at activities that need them to move quickly, forcefully, precisely and
continuously often with intricate articulations. Although their precise tool manipulation has proven
essential in surgeries, their high cost, space restrictions and demand for considerable training remain
limits. Medical robots have mostly improved surgical outcomes, decreased patient trauma and
shortened hospital stays; nevertheless, it is still unclear how these devices will ultimately affect patient
outcomes [40]. Tasks requiring programmed, quick, accurate, and continuous motions often with
intricate articulations are best suited for robots. Despite their effectiveness in improving tool motions'
accuracy and precision during surgeries, robots have drawbacks, including expensive prices, space
constraints, and the need for intensive user training. The most noticeable impact of medical robots has
been observed in surgeries, where they have enhanced surgical results, reduced patient trauma, and
shortened hospital stays. However, ongoing research is assessing the long-term impacts of robot
assistance on patient outcomes [46].

The use of robots in orthopedics offers a crucial advantage in the precise resection of bone, leading
to improved alignment of implants with bone and an enhanced contact area between the implant and
bone. These factors hold the potential to elevate functional outcomes and extend the longevity of
implants. Orthopedic robots have primarily been employed in hip and knee procedures, with some
exceptions, such as the Renaissance system used in spinal surgeries. In the initial stages, these systems
required bone fixation and relied on bone screws or pins for accurate localization of the surgical site [47].

Intracerebral hemorrhage (ICH) is a subtype of stroke characterized by a high death rate and
degree of disability. There are currently no proven treatments available to improve the functional
recovery of ICH patients. One significant development in the advancement of less invasive surgical
techniques for the treatment of ICH is robot-assisted neurosurgery [48]. The intricate and constantly
developing method of robot-assisted surgery has recently been used to treat certain intracerebral
hemorrhage cases. It has several clear benefits, such as accurate placement, faster surgical times and
resistance to disruption, which lowers the possibility of human error and improves safety. Robot-
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assisted minimally invasive surgery for ICH is superior to traditional procedures, according to a meta-
analysis by Xiong et al. This is because it has lower rates of rebleeding, improves neurological function,
and lowers the risk of intracranial infections. Robot-assisted surgery is a crucial frontier in the
development of minimally invasive techniques for this ailment because it offers the promise to provide
more effective and personalized ICH treatments in the era of precision medicine [49]. Based on their
primary functions and capabilities in various applications, we can categorize as in Table 2.

Table 2. Application of different robots.

Robot name Role of the health care

Autonomous mobile robots AMRs are essential to healthcare because they enable
telepresence, effective drug delivery and disinfection [50].

(AMR)

Service robots By performing repetitive jobs like setting up patient rooms,
keeping an eye on supplies, creating purchase orders,
restocking medical supplies and overseeing the delivery of bed
linens, service robots free up healthcare workers. After a task
is finished, they operate autonomously and offer status updates
[51].

Social robots In long-term care facilities, social robots engage, monitor and

encourage patients, improving their wellbeing and adherence
to therapy [52].

Modular robots Healthcare-related modular robots, such as robotic limbs and
therapeutic exoskeletons, help people recovering from strokes
and provide support to those suffering from paralysis,
traumatic brain injuries or illnesses like multiple sclerosis [53].

Surgical assistant robots Fast and accurate surgeries are made possible by Al-powered
surgical robots, some of which may work independently and
provide surgeons with console oversight [54].

Currently, on the market, a brand-new kind of robot called a logistics robot is intended to handle
hospital logistics duties. With the help of their navigation systems, the logistics robots can transport
supplies such as food and drink, medical samples, bedding and prescription drugs across the hospital.
Additionally in demand are telepresence, physical therapy, nursing, ambulance and rehabilitation
robots.

Emerging technology known as “soft robotics” holds promise for offering creative solutions that
stiff robots are unable to satisfy. Rigid joints and the need for a fully mechanical system for actuation
are absent from soft robots [55]. They can adapt to any geometry’s surface without breaking [56]. They
are highly sought after because of their versatility, ability to handle delicate objects, ability to mimic
the human body and capacity to operate in a range of environments that rigid robots cannot [57].
Potential uses for a soft robot that can replicate biological structures in terms of compliance include
prosthetic limbs, surgical instruments, catheters, stents and artificial muscles. Soft robots may also
completely transform the fields of rehabilitation and physical therapy [58]. At present, the restoration
of bodily functioning involves inducing motions in a muscle or joint [59]. High potential exists in this
field for gel, elastomer, electroactive polymers and conductive polymer actuators [60]. During the
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healing phase, severe injuries from incidents at work or in cars can require a full muscle implant. Novel
soft actuators are being developed to function as prosthetic muscles for individuals with facial paralysis,
and ptosis, and to enhance grasping ability in neurological rehabilitation [61]. To improve cardiac
inadequacies, ventriculoacous assistive devices (VADs) have already been designed to replace
malfunctioning ventricles in the heart [62].

Ventricular support is provided by elastomer-based soft robotics that encircles the heart.
Elastomer actuators provide quick response times, and low voltage operation, and are lightweight, thin
and flexible. Polymer actuators have a lot of potential in medical applications because of these qualities.
Catheter driving is currently done with polymer actuators. A little voltage is applied to the membranes
on a catheter to activate this device [63]. To achieve precise drug delivery, drug-loaded nanocapsules
are used to construct localized drug delivery systems. Anesthetic, anti-inflammatory, anti-thrombotic
and anti-neoplastic drugs can all be delivered using this kind of device. A vital part of the drug delivery
apparatus is an electroactive polymer-actuated stent, which contracts and expands in response to a
voltage applied to a bodily lumen [64]. The balloons used in percutaneous transluminal coronary
angioplasty (PTCA) procedures are made of conductive polymers [65]. To stop a thoracic or abdominal
aortic aneurysm from rupturing, conductive polymers are also helpful for aortic aneurysm coils.
Expanding and contracting the filter that captures the dislodged blood clot is one use for conductive
polymers. Polymer actuators are utilized in several medical pumps, including blood pressure-
controlling pumps and drainage pumps [66]. Table 3 shows the advantages and disadvantages of soft
robots.

Table 3. Advantages and disadvantages of soft robots.

Advantages Disadvantages

Able to fit any shaped surface without Usually unable to support big loads and survive a
causing harm [64]. lot of actuation [67].

Able to disperse stresses uniformly across Provide difficulties with exact controls because of
a wider contact surface [68]. the almost infinite degree of freedom [69].

The materials’ inherent flexibility [70]. Soft robots require different manufacturing

techniques due to their varied working conditions
and environments [71].

3.2. Advancements in biomedical sciences

Recent strides in biomedical science have forged a path for the seamless integration of robots into
healthcare. Innovations in medical imaging have equipped healthcare professionals with sharper
diagnostic tools, enhancing precision and personalization in patient care. Genomics has unlocked a
treasure trove of insights into individual health, enabling tailored treatments and therapies. Meanwhile,
pharmaceutical breakthroughs have yielded more effective treatments and drugs. These advancements,
among others, have set the stage for a fruitful synergy between biomedical science and robotics,
promising unprecedented advancements in healthcare delivery and outcomes [72].

Through developments in mechanical design, modeling and control, sensors, instrumentation,
computing and image processing, biomedical robotics research focuses on the design, development
and assessment of medical robotics systems and smart assistive robotic platforms that enhance the
physical capabilities of patients and clinicians. Important study areas in this subject include tissue

AIMS Bioengineering Volume 11, Issue 1, 1-17.



11

modeling, medical robotics, haptic interfaces, machine learning, soft robotics, robot-assisted surgery
and rehabilitation, nanomaterials for biomedical implants, human augmentation, biomechanics and
human-robot interaction [73].

3.3. Benefits and challenges

Robots are used in a variety of settings in healthcare facilities. They have an indirect or direct impact
on the lives of the patients. They even take care of elderly and disabled patients, engaging them in
conversation to keep them from being bored or in pain. The primary benefits of medical robots are that
robot-assisted surgeries are more efficient and error-free. The surgery’s success rate is also higher [74].

The application of robots in the medical field enables efficient clinical procedures, safe
surroundings for patients and medical personnel and high-quality patient care. Medical robots can help
with minimally invasive surgeries, intelligent medicines, regular and individualized monitoring for
patients with chronic conditions and social contact for senior persons. Furthermore, when robots
relieve some of the workload, nurses and other staff members may be able to give patients more human
interaction and empathy, which will enhance their long-term welfare [75]. AMRSs are used to carry
supplies and linens in hospitals where there is a chance of disease exposure to assist in safeguarding
medical staff. Robots for cleaning and disinfection are already used in hundreds of healthcare facilities
to assist in reducing pathogen exposure and hospital-acquired infections (HAIs). AMR social robots
assist medical personnel in moving heavy items, such as beds or patients, by performing strenuous
lifting for them [76].

Combining biomedical science with robotics offers a multitude of benefits. This synergy promises
to revolutionize healthcare, leading to improved patient care, quicker and more accurate diagnostics,
and highly precise treatments. Robots can undertake tasks with exceptional precision, reducing the
margin for error in surgeries and medical procedures [77]. They can also streamline logistical
operations in healthcare facilities, ensuring a more efficient and cost-effective system. Additionally,
the integration of artificial intelligence and machine learning into robotic systems holds the potential
to enhance medical data analysis and provide real-time insights, aiding medical professionals in
making informed decisions [78].

However, this promising integration is not without its challenges and ethical considerations.
Patient privacy is a paramount concern, particularly as robots may handle sensitive medical data. Job
displacement is another issue, as the increased automation of certain healthcare tasks could potentially
affect the workforce. The costs associated with implementing and maintaining robotic systems can be
substantial, raising questions about affordability and resource allocation within healthcare
organizations [79]. Moreover, ethical dilemmas may emerge in cases where robots are entrusted with
medical decision-making. Addressing these challenges and ethical concerns is essential to harnessing
the full potential of biomedical science and robotics in healthcare while ensuring the well-being and
security of patients and healthcare professionals [80].

3.4. Current applications and case studies
In real-world healthcare settings, the integration of biomedical science and robotics has ushered

in a new era of innovation. Robotic surgery is a striking example, with systems like the da Vinci
Surgical System proving their worth in minimally invasive procedures. These robots offer surgeons
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greater precision, dexterity and control, leading to reduced patient trauma, shorter recovery times and
improved surgical outcomes [41]. Telemedicine, another notable application, has become a lifeline,
especially during the COVID-19 pandemic. Robotic telepresence, when equipped with Al-driven
diagnostics, enables remote patient monitoring and consultations. This not only ensures the continuity
of care but also increases accessibility for patients in remote or underserved areas [81].

Case studies further illustrate the impact of this integration. For instance, the success story of a
rural healthcare facility in deploying telemedicine robots highlights how they’ve expanded their reach
and provided specialized care to patients who would otherwise face significant barriers [82]. Al-driven
diagnostics have made significant strides in medical imaging, with algorithms detecting diseases like
diabetic retinopathy from retinal scans, streamlining the diagnostic process. These real-world
applications and case studies underscore the tangible benefits of the biomedical science and robotics
nexus in healthcare, from improved patient outcomes to extended reach and accessibility [83].

4. Future prospects

In the foreseeable future, the synergy of biomedical science and robotics promises a host of
exciting developments. Artificial intelligence and machine learning are poised to take center stage,
offering even more precise and personalized healthcare solutions [84]. We can anticipate further
integration of Al-driven diagnostics, not only in medical imaging but also in data analysis, enabling
early disease detection and tailored treatment plans. The advent of more advanced surgical robots,
equipped with Al-enhanced capabilities, will refine surgical procedures and expand their application
to increasingly complex and delicate surgeries [85]. Additionally, the evolution of wearable medical
robots for remote patient monitoring and therapy administration will enhance the delivery of healthcare
services. As we move forward, the nexus of biomedical science and robotics is set to bring about a
future where healthcare is more accessible, efficient and finely tuned to individual needs, improving
clinical outcomes and the overall patient experience [86].

5. Conclusion

In conclusion, the purpose of this paper was to clarify the mutually beneficial relationship
between robotics and biomedical science, with an emphasis on the revolutionary possibilities this
relationship has for the medical field. Our main objectives were to demonstrate the synergy’s inventive
effects and highlight how it has the potential to completely transform patient care, medical research
and healthcare delivery. Additionally, we addressed the difficulties and moral dilemmas that come up
when integrating robotics into healthcare, realizing how crucial it is to resolve these problems to
maximize the benefits of this partnership. The authors hoped to encourage scientists, researchers and
healthcare professionals to keep pushing the envelope of what is possible in the quest for improved
health and well-being by providing insights into the future of healthcare, with a focus on the role of
artificial intelligence and machine learning.
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