
Priyanka et al.                                                                European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com        │        Vol 12, Issue 10, 2025.         │          ISO 9001:2015 Certified Journal        │ 

 

372 

 

 

 

ROBOTICS IN BIOMEDICAL AND PUBLIC HEALTH ENGINEERING: INNOVATIONS 

IN POPULATION-LEVEL CARE 
 

 

Mrs. M. Priyanka
*1

, Dr. G. Durga Vyshnavi
2 

 
1,2

Assistant Professor, Department of Home Science, Ch. S. D. St. Theresa’s College for Women (Autonomous), Eluru. 

 

 

 

 

 

 
Article Received on 19/08/2025                                 Article Revised on 08/09/2025                                  Article Accepted on 28/09/2025 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION  

In recent years, robotics has emerged as a transformative 

force within the fields of biomedical sciences and public 

health engineering. As healthcare systems around the 

world face rising demands, technological advancements 

in robotics are playing a crucial role in redefining how 

care is delivered, both at the individual and population 

levels. The increasing integration of robotics into 

medical and public health settings is not only enhancing 

clinical precision and efficiency but also broadening 

access to essential services, particularly in underserved 

regions. From robotic-assisted surgeries to autonomous 

disinfection systems and drone based vaccine delivery, 

the applications of robotics are rapidly expanding, 

offering innovative solutions to some of the most 

pressing challenges in global health. 

 

In the clinical context, the evolution of surgical robotics 

has revolutionized operating rooms by allowing 

minimally invasive procedures that reduce patient trauma 

and recovery time. Early developments in surgical 

robotics, as documented by Hockstein et al. (2007) and 

Satava (2014), laid the foundation for modern systems 

capable of performing highly precise interventions. 

These systems, often guided by skilled surgeons using 

robotic arms, have demonstrated advantages in terms of 

accuracy, reduced blood loss, shorter hospital stays, and 

lower complication rates (Esposito et al., 2018; Krieger 

et al., 2013). As robotic surgical systems continue to 

evolve, they are becoming more autonomous and 

intelligent, incorporating real time data analysis and 

machine learning to support surgical decision-making 

(Shademan et al., 2016). 

 

Beyond the operating room, robotics has found important 

applications in rehabilitation medicine. Devices designed 

to assist in stroke rehabilitation and mobility training are 

enabling patients to regain motor function with greater 

consistency and safety (Lin et al., 2021). These systems 

often use adaptive algorithms to tailor therapy to 

individual needs, helping to improve outcomes and 

increase patient engagement during the recovery process. 

Rehabilitation robotics represents an intersection of 

engineering, neuroscience, and physiotherapy, offering a 

promising solution for patients who require long term 

physical support. 

 

In the domain of public health, robotics has proven 

especially impactful during times of crisis. The COVID-

19 pandemic served as a powerful catalyst for the 

deployment of robotic technologies across health 

systems worldwide. Mobile robots and autonomous units 

were utilized for disinfection in hospitals, contactless 

sample collection, and temperature screening in public 
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ABSTRACT  

Robotics has emerged as a transformative force in biomedical sciences and public health engineering, offering 

innovative solutions for population level health care. From surgical robots to autonomous disinfection units and 

vaccine delivery drones, robotics is addressing challenges in both clinical and community settings. In biomedical 

applications, robotic-assisted surgeries enhance precision and minimize recovery times, while rehabilitation robots 

improve mobility outcomes in stroke and injury patients. In public health, robots are deployed for tasks such as 

remote monitoring, sanitation in high risk areas, and supply chain management during epidemics. During the 

COVID-19 pandemic, robotic technologies played critical roles in contactless screening, sample collection, and 

surveillance, significantly reducing human exposure. The integration of artificial intelligence and machine learning 

further amplifies the capabilities of robotic systems, enabling predictive analytics, real time decision making, and 

scalability across diverse environments. Moreover, robotic platforms support mass immunization drives and 

emergency medical responses, enhancing healthcare accessibility in underserved areas. Despite challenges in cost, 

policy, and ethical considerations, the synergy between robotics, biomedical innovation, and public health 

infrastructure promises a paradigm shift toward proactive, efficient, and equitable care at the population level. 
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places, helping to minimize direct human contact and 

reduce virus transmission (Murphy, 2020; Bekmuratova 

et al., 2021). These tools supported overwhelmed 

healthcare infrastructures by taking on routine but high 

risk tasks, thereby preserving valuable human resources 

for more complex interventions. Ackerman (2020) and 

Kim et al. (2021) emphasized that such robotic 

interventions were instrumental in mitigating exposure 

risks for healthcare professionals during the pandemic. 

 

Additionally, robots have been increasingly employed in 

logistics and health supply chain management, 

particularly in delivering essential items such as 

vaccines, medical kits, and blood samples in remote or 

difficult to reach areas. The use of autonomous drones, as 

discussed by Kwolek et al. (2022), has shown significant 

potential in improving the speed and efficiency of 

medical deliveries, especially in rural regions with 

limited transportation infrastructure. This innovation has 

the capacity to bridge health inequity gaps by ensuring 

timely access to life saving treatments and interventions. 

 

Central to the evolution of robotics in healthcare is the 

integration of artificial intelligence (AI) and machine 

learning. These technologies enhance robotic systems by 

enabling them to learn from data, recognize patterns, and 

make decisions in real time (Guo et al., 2022). For 

instance, AI powered robots can assist with diagnostics, 

predict disease outbreaks, and adapt their behavior based 

on environmental inputs. In surgical and therapeutic 

applications, machine learning models are used to 

optimize performance and personalize care pathways. AI 

driven analytics also support public health surveillance, 

enabling the rapid identification of emerging threats and 

improving response strategies (Xie et al., 2022). 

 

Despite the remarkable progress, the widespread 

implementation of robotics in healthcare is not without 

its challenges. Financial barriers, regulatory 

uncertainties, and ethical concerns related to autonomy, 

accountability, and patient privacy continue to hinder full 

scale adoption (Yang et al., 2018). The cost of robotic 

systems and the infrastructure required for their 

operation can be prohibitively high, especially for low 

income countries. Additionally, the regulatory 

frameworks governing robotic technologies are often 

fragmented or underdeveloped, leading to delays in 

approval and implementation. Ethical debates are also 

intensifying around the use of autonomous systems in 

decision making roles, raising questions about liability, 

consent, and trust in machine-led healthcare. 

 

The future of robotics in biomedical science and public 

health depends on addressing these barriers through 

strategic investment, policy development, and cross 

sector collaboration. With continued advancements, 

robotics holds the potential to make healthcare more 

proactive, responsive, and equitable. It can assist in mass 

immunization campaigns, support emergency medical 

response, and ensure continuity of care in disaster-

stricken or geographically isolated areas (Ceccarelli et 

al., 2020; Bashir et al., 2021). 

 

In summary, robotics is fundamentally reshaping the 

landscape of healthcare. Its ability to merge mechanical 

precision with intelligent decision making creates 

opportunities for enhancing care delivery on multiple 

fronts. Whether performing delicate surgeries, assisting 

in rehabilitation, managing pandemic responses, or 

improving access to remote healthcare services, robotic 

technologies are redefining what is possible in medicine 

and public health. As highlighted across the diverse 

range of literature, including foundational works by 

Siciliano & Khatib (2016) and emerging research on AI 

driven systems, robotics is not merely an auxiliary tool it 

is a central driver of the future of global health. 

 

ADVANCING HEALTHCARE THROUGH 

ROBOTICS: INNOVATIONS, IMPACT, AND 

FUTURE PATHWAYS 

Clinical Applications: Precision and Recovery 

In the clinical sphere, robotic-assisted surgeries have 

transformed operative care by improving precision and 

minimizing patient recovery time. Minimally invasive 

techniques supported by robotic platforms reduce 

complications and enhance surgical outcomes (Satava, 

2014; Darzi & Munz, 2004). Robotic systems like da 

Vinci are now common in pediatric and general surgery 

(Esposito et al., 2018; Hockstein et al., 2007). 

Furthermore, rehabilitation robots assist stroke and injury 

patients by improving mobility and accelerating 

functional recovery (Lin et al., 2021). 

 

Public Health Interventions: Robots on the Frontline 

In public health, robotics plays a critical role in 

sanitation, disease monitoring, and logistics. During the 

COVID-19 pandemic, autonomous robots were deployed 

for disinfection, contactless screening, and surveillance, 

significantly reducing exposure risks (Bekmuratova et 

al., 2021; Kim et al., 2021). Robots also supported 

sample collection and quarantine monitoring, 

showcasing their value in emergency response 

(Ackerman, 2020; Reardon, 2020). 

 

Technological Integration: AI Enhancing Capabilities 

The integration of Artificial Intelligence (AI) with 

robotics allows for smarter, more responsive systems. 

Machine learning algorithms help robots perform tasks 

such as real time diagnostics, predictive modeling, and 

autonomous navigation in uncertain environments (Guo 

et al., 2022; Shademan et al., 2016). These advances 

make robotic solutions more adaptable and scalable in 

various healthcare settings. 

 

Accessibility and Outreach: Reaching the 

Underserved 

Robotic platforms are being used to deliver vaccines and 

medical supplies in remote or underserved areas, 

improving healthcare equity (Kwolek et al., 2022). 

Drones have successfully transported lifesaving 
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medicines and vaccines, overcoming infrastructure 

challenges in rural regions. 

 

Challenges and Future Directions 

Despite significant progress, robotics in healthcare faces 

ethical, regulatory, and financial hurdles. Concerns 

include data privacy, cost effectiveness, and the need for 

comprehensive policy frameworks (Yang et al., 2018; 

Xie et al., 2022). Nonetheless, as technologies evolve, 

the synergy between robotics, AI, and public health holds 

the potential to reshape healthcare delivery globally 

(Ceccarelli et al., 2020). 

 

CONCLUSION  

Robotics has become a vital component in the evolution 

of both biomedical sciences and public health, driving 

innovative approaches to healthcare delivery. The wide-

ranging applications from surgical assistance to public 

sanitation demonstrate how robotics can effectively meet 

the growing demands of modern healthcare systems. In 

clinical settings, robotic assisted surgeries have improved 

precision and outcomes while reducing patient recovery 

time, as highlighted by advances in both adult and 

pediatric surgical procedures. Rehabilitation robotics has 

also shown significant promise, particularly for stroke 

patients, by aiding mobility and supporting long term 

recovery. 

 

In the public health sphere, robots have proven essential 

in responding to large scale health emergencies. During 

the COVID-19 pandemic, for instance, they played a 

crucial role in limiting human exposure by performing 

tasks such as contactless screening, sample handling, and 

disinfection in high-risk areas. These functions not only 

protected healthcare workers but also enhanced the 

efficiency of epidemic response. Mobile robots and 

autonomous drones have further improved logistics by 

enabling the delivery of vaccines and medical supplies to 

underserved or geographically isolated communities. 

 

The integration of artificial intelligence and machine 

learning into robotic platforms has expanded their 

functionality even further. These technologies support 

predictive analysis, adaptive behavior, and autonomous 

decision-making, allowing robotic systems to operate 

effectively in complex and dynamic healthcare 

environments. As AI continues to evolve, robots are 

becoming increasingly capable of performing tasks with 

minimal human oversight, enabling scalable and 

responsive healthcare interventions. 

 

However, the growing reliance on robotics also brings 

challenges. High development costs, ethical concerns 

regarding autonomy and decision-making, and the lack 

of comprehensive regulatory frameworks remain major 

barriers to widespread implementation. Additionally, 

equitable access to these technologies must be prioritized 

to avoid widening the gap between well-resourced and 

underserved regions. 

 

Despite these concerns, the evidence suggests that 

robotics will continue to shape the future of global 

healthcare. Its ability to enhance surgical accuracy, 

improve patient rehabilitation, and support public health 

operations—especially during emergencies—underscores 

its potential as a transformative tool. As research and 

development continue, and as policies evolve to support 

ethical and equitable deployment, robotics will likely 

become an indispensable part of a resilient, efficient, and 

inclusive healthcare system. The fusion of robotics with 

biomedical science and public health strategies signals a 

shift toward a smarter and more adaptable model of care 

that serves diverse populations more effectively. 
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