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ABSTRACT  
 
The convergence of Artificial Intelligence (AI) and Extended Reality (XR) is 
ushering into a new era within Biomedical Engineering (BME), offering 
innovative approaches to diagnostics, treatment, and education. This research 
explores the integration of AI and XR, highlighting their combined potential to 
revolutionize healthcare practices. AI's advanced algorithms facilitate disease 
prediction, enhance medical imaging, and optimize treatment protocols, while 
XR technologies—including Virtual Reality (VR), Augmented Reality (AR), and 
Mixed Reality (MR)—immerse users in interactive environments for learning 
and therapeutic interventions. This exploration also aims to bridge the gap in 
existing knowledge by examining how AI-driven image analysis can augment 
medical imaging, expediting disease identification and tracking treatment 
progress. Additionally, the research investigates how XR empowers surgeons 
with detailed anatomical insights during procedures and aids in rehabilitation 
through engaging simulations. By providing immersive training experiences, 
the fusion of AI and XR also enhances medical education, bridging the gap 
between theory and practice. However, the integration of these technologies 
raises ethical considerations, such as privacy concerns, data security, and the 
need for regulatory frameworks, which are crucial to ensuring patient safety. 
Balancing innovation with these ethical imperatives is essential. This research 
expounds the transformative potential of AI and XR in Biomedical Engineering, 
underscoring their implications for improved patient outcomes and advanced 
healthcare practices. By refining diagnostics and treatment strategies through 
AI and providing immersive training and therapeutic experiences through XR, 
this study aims to significantly contribute to the field of Biomedical Engineering 
and enhance patient well-being worldwide.  
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1. INTRODUCTION  

In the ever-evolving landscape of healthcare, the 

convergence of Artificial Intelligence (AI) and 

Extended Reality (XR) has emerged as a 

transformative force, heralding a paradigm shift 

within the realm of Biomedical Engineering [1,2,3]. 

This interdisciplinary junction promises to reshape 

how medical diagnostics, treatments, and education 

are approached, fostering a new era of innovation 

with profound implications for patient care [4,5,6]. 

The synergy between AI and XR has paved the way 

for unparalleled opportunities in precision medicine 

and experiential learning, where the amalgamation of 

intelligent algorithms and immersive virtual 

environments holds the potential to redefine the 

boundaries of possibility [7,8,9]. Recent 

advancements in terms of AI and XR have 

demonstrated significant potential in revolutionizing 

biomedical engineering. AI's capabilities in predictive 

modeling, as explored [37,38], and its application in 

medical imaging enhancement, highlighted by 

[42,43,44], underscore its transformative role. 

Similarly, XR technologies have shown promise in 

surgical training [33] and rehabilitation therapies [35].  

These research highlight the technological strides 

made in integrating AI and XR, but a comprehensive 

examination of their combined impact on 

personalized treatment plans and long-term efficacy 

remains underexplored [10,11]. 
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Despite these advancements, gaps in the 

literature persist. There is a lack of comprehensive 

studies that investigate the synergistic effects of AI 

and XR in developing personalized treatment 

protocols and evaluating their long-term efficacy. 

Furthermore, existing research often overlooks the 

practical implications of these technologies in real-

world healthcare settings, necessitating a deeper 

exploration of their integration. This research 

exploration aims to: (1) develop an AI-driven XR 

system for personalized rehabilitation therapy; (2) 

evaluate the system's effectiveness in improving 

patient outcomes; and (3) compare its performance 

with traditional rehabilitation methods. The findings 

from this research have significant implications for 

healthcare, particularly in rehabilitation and patient 

education. An AI-driven XR system can provide 

customized therapy plans, potentially reducing 

recovery times and improving patient adherence to 

treatment protocols. In education, such systems can 

offer immersive learning experiences for medical 

students, enhancing their practical skills and 

knowledge retention. 

This research dives deeper into that revolutionary 

intersection, embarking on a comprehensive 

exploration from a Biomedical Engineering 

perspective to uncover the intricacies, potentialities, 

and challenges that arise at the confluence of these 

cutting-edge technologies. Through a squarely 

designed mixed-methods approach, encompassing 

both quantitative analysis of AI algorithm 

performance and qualitative investigation of 

biomedical engineering application device peripheral 

perspectives, this research also aims to illuminate the 

pathway towards harnessing the collaborative power 

of AI and XR in shaping the future of healthcare 

delivery and education. As AI evolves into a 

diagnostic powerhouse and XR materializes as an 

immersive learning platform, the impact on 

Biomedical Engineering is poised to be nothing short 

of revolutionary, sparking a wave of advancements 

that transcend the boundaries of traditional medical 

practices.  

2. METHODS AND EXPERIMENTAL ANALYSIS    

This research employs a mixed-methods approach to 

explore the intersection of Artificial Intelligence (AI) 

and Extended Reality (XR) from a Biomedical 

Engineering perspective. The quantitative analysis 

involves utilizing state-of-the-art AI algorithms to 

analyze medical imaging datasets, assessing their 

diagnostic accuracy and treatment optimization 

capabilities. Specifically, we employ machine 

learning techniques such as convolutional neural 

networks (CNNs) and support vector machines 

(SVMs) to enhance image classification and 

segmentation tasks. These methods are evaluated 

using metrics like accuracy, precision, recall, and F1-

score to ensure robust performance assessment. 

In parallel, the qualitative investigation gathers 

insightful data from healthcare professionals through 

semi-structured interviews and focus groups. 

Surveys are also administered to a broader audience, 

including patients and medical students, to capture 

their perspectives on the practical implications and 

challenges of integrating AI and XR in healthcare. 

This qualitative component aims to provide a 

comprehensive understanding of the user experience 

and identify potential barriers to adoption. The 

implementation process includes developing AI 

algorithms using machine learning techniques and 

creating XR applications with software tools such as 

Unity and Unreal Engine. These applications are 

designed to simulate realistic medical scenarios, 

providing immersive training and therapeutic 

experiences. The AI-driven components are 

integrated with XR platforms to enable real-time 

analysis and feedback during simulations. Data 

analysis encompasses both quantitative and 

qualitative methods. For the quantitative evaluation, 

statistical techniques are used to compare the 

performance of the AI algorithms against traditional 

diagnostic methods. This includes paired t-tests and 

ANOVA to determine the significance of 

improvements. Qualitative data from interviews and 

surveys undergoes thematic analysis to identify 

recurring themes and insights related to the 

integration of AI and XR in healthcare settings. 

Ethical considerations are meticulously addressed 

throughout the study. Informed consent is obtained 

from all participants, ensuring their understanding of 

the research objectives and their rights. Data privacy 

measures, including anonymization and secure 

storage, are implemented to protect sensitive 

information. The study adheres to ethical guidelines 

established by the Institutional Review Board (IRB) 

and complies with relevant data protection 

regulations. This research aims to contribute to the 

understanding of how the synergy between AI and 

XR can reshape Biomedical Engineering practices. It 

acknowledges potential limitations, such as the 

availability and diversity of datasets, which may affect 

the generalizability of the findings. Additionally, 

algorithm biases and the need for continuous 
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validation in diverse clinical settings are recognized 

as critical areas for future research. By employing a 

comprehensive mixed-methods approach, this study 

seeks to illuminate the transformative potential of AI 

and XR in Biomedical Engineering, paving the way 

for innovative healthcare solutions that enhance 

patient outcomes and educational experiences.  

3. BACKGROUND RESEARCH AND ITERATIVE 

EXPLORATION FOR AVAILABLE 

KNOWLEDGE  

Artificial Intelligence (AI) represents the intelligence 
exhibited by machines and software systems, 
distinguishing it from human and animal intelligence. 
AI finds applications in diverse domains, including 
advanced web search engines like Google Search, 
recommendation systems employed by platforms 
such as YouTube, Amazon, and Netflix, voice 
recognition technology as seen in Siri and Alexa, self-
driving vehicles like Waymo's cars, generative tools 
like ChatGPT and AI-generated art, and excelling in 
strategic games such as chess and Go [1-13].  

The roots of AI as an academic discipline trace 
back to its establishment in 1956. Its historical 
trajectory has been marked by cycles of optimism 
followed by periods of disillusionment and reduced 
funding. However, the field experienced a 
resurgence after 2012, driven by the success of 
machine learning and deep learning techniques that 
surpassed prior AI approaches, leading to a 
significant influx of funding and heightened interest. 
AI research encompasses a spectrum of sub-fields, 
each focusing on specific objectives and employing 
distinct methodologies. Traditionally, AI research has 
centered around goals such as reasoning, 
knowledge representation, planning, learning, natural 
language processing, perception, and robotic support 
[14-21].  

Among the overarching aspirations of AI is 
achieving general intelligence, denoting the ability to 
solve a wide array of problems. Addressing these 
objectives has necessitated the integration of diverse 
problem-solving techniques, including search 
algorithms, mathematical optimization, formal logic, 
artificial neural networks, and statistical, probabilistic, 
and economic methods. AI is not confined to the 
boundaries of computer science but draws insights 
and inspiration from a plethora of disciplines, 
encompassing psychology, linguistics, philosophy, 
neuroscience, and various other fields. This 
multidisciplinary approach underscores the 
complexity and interconnectedness of AI's evolution 
and its journey towards achieving human-like 
intelligence in machines [22-31]. Biomedical 
Engineering (BME), also referred to as medical 
engineering, is a dynamic field that applies the 

principles of engineering and design concepts to the 
realms of medicine and biology, with the primary 
objective of advancing healthcare through 
diagnostics, therapy, and patient care. This 
interdisciplinary discipline not only leverages 
engineering expertise but also integrates logical 
sciences to devise innovative solutions that improve 
medical treatments and outcomes [32-44].  

 
The role of a biomedical engineer encompasses 

diverse responsibilities, extending to the 
management of medical equipment in healthcare 
settings while ensuring adherence to industry 
standards. This involves tasks such as equipment 
procurement, routine testing, preventive 
maintenance, and offering recommendations for 
equipment enhancement, a role often termed 
Biomedical Equipment Technician (BMET) or clinical 
engineering. Biomedical engineering has evolved as 
a distinct field, transitioning from being an 
interdisciplinary specialization to establishing its own 
domain. This evolution mirrors the trajectory of many 
nascent disciplines. The core of biomedical 
engineering activities revolves around research and 
development, spanning a wide array of subfields. 
These subfields encompass various areas such as 
medical device innovation, biocompatible 
prostheses, diagnostic tools, therapeutic devices 
ranging from macroscopic clinical equipment to 
micro-implants, widely used imaging technologies 
like MRI and EKG/ECG machines, the exploration of 
regenerative tissue growth, and the advancement of 
pharmaceutical drugs and therapeutic biologicals 
[44]. 

 
In essence, biomedical engineering serves as a 

bridge between cutting-edge engineering principles 
and the intricate world of healthcare. This field's 
trajectory involves the synthesis of innovation, 
technology, and biology to create solutions that 
enhance patient care, diagnose ailments more 
accurately, and devise novel methods of treatment. 
The spectrum of applications within biomedical 
engineering underscores its profound impact on 
modern medicine and its instrumental role in shaping 
the future of healthcare delivery. Extended Reality 
(XR) is the term that primarily refers to the realms of 
augmented reality (AR), virtual reality (VR), and 
mixed reality (MR). This technology is intended to 
either combine or mirror the physical world aspect 
with a "digital twin world" where the user can 
interact with its environment. The surge in 
development and adoption of VR, AR, and MR 
devices has been a defining trend since 2010, with 
applications spanning commercial, educational, and 
biomedical sectors. While the concept of virtual 
reality has historical roots dating back to the 19th 
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century, it gained traction in the 1990s due to 
advancements in hardware and computer graphics. 
However, technical limitations such as bulky 
headsets, slow computers, and side effects like 
motion sickness hindered its progress during the 
2000s. In recent years, there has been a resurgence 
of interest in VR technology. Modern VR devices like 
the Oculus Rift, Google, HTC, Valve, and Samsung 
headsets offer enhanced fields of view, improved 
frame rates, and reduced motion sickness effects. 
Alongside VR, AR and MR experiences have also 
gained momentum. The Microsoft HoloLens, a 
pioneering MR device, was introduced in 2016, 
enabling untethered mixed reality experiences. AR 
became more widespread with the release of games 
like Pokémon GO in 2016. However, the 
commercialization of AR glasses has been limited 
due to cost considerations. Despite the popularity of 
these XR devices, a comprehensive analysis of their 
impact on biomedicine, surgery, and medical 
education is necessary. This research addresses this 
gap by defining VR, AR, and MR concepts and 
functionalities. It highlights the current biomedical 
trends in XR, including visualization, clinical care, and 
research. The use of XR in interactive educational 
platforms is exemplified, and case studies 
demonstrating its applications are provided. 
Additionally, this research discusses the challenges, 
complexity, and cost associated with existing XR 
platforms. This thorough overview aims to inform 
biomedical and medical professionals about the 
potential of XR technologies, opening avenues for 
interactive educational and discovery projects within 
the field. As XR devices continue to shape the 
landscape of healthcare and education, 
understanding their capabilities and applications 
becomes pivotal for leveraging their benefits 
effectively. 
 

 

4. THE POTENTIAL OF XR WITHIN THE 

MEDICAL DOMAIN AND MEDICAL SYSTEMS 

The integration of Extended Reality (XR) technology 

into the medical field has brought forth a plethora of 

opportunities, revolutionizing healthcare practices 

and benefiting medical professionals in multifaceted 

ways. This transformation is evident through the 

reduction of time required for surgeons to gather 

critical information before making crucial decisions. 

XR solutions, by immersing surgeons in relevant 

data, hold the potential to enhance decision-making 

within the operating room. Furthermore, XR's 

applications extend to training new medical 

practitioners and facilitating their understanding of 

patients' conditions, leading to more empathetic and 

effective care. To better understand the concept and 

functionality capabilities, Figure 1 provides a visual 

representation concerning the matter. 

Patient Understanding and Pain Relief 

XR has the potential to alleviate patients' pain by 

immersing them in virtual experiences during 

treatment. For instance, virtual reality games have 

been designed to engage cancer patients during 

therapy sessions, offering distraction and relief from 

discomfort. By allowing doctors to undergo similar 

experiences as their patients, XR fosters a stronger 

sense of empathy and trust, thus enhancing the 

doctor-patient relationship. 

Surgical Training and Simulation 

Immersive technology plays a pivotal role in training 

healthcare professionals for surgery. Surgical 

simulators developed using XR enable medical 

practitioners to practice surgical procedures without 

requiring live patients, cadavers, or animals. These 

simulators provide a safe environment for surgeons 

to refine their skills and techniques before performing 

actual surgeries. Additionally, 3D models generated 

from patient images, combined with XR immersive 

headsets, empower surgeons to visualize and plan 

complex operations more effectively. 

Preoperative Preparation 

XR opens limitless possibilities in healthcare, 

particularly in surgical training and planning. Realistic 

3D models created from patient data aid surgeons in 

familiarizing themselves with intricate anatomical 

structures and practicing surgical maneuvers. An 

immersive XR platform can also facilitate 

collaboration among surgeons, allowing them to plan 

and discuss procedures more efficiently. Surgeons 

can experience the tactile sensations of using 

surgical instruments through XR applications, thus 

enhancing their preparedness before surgery. 

Medical Education and Training 

The impact of XR in medical education is significant, 

enabling medical students and doctors to explore 

anatomically accurate 3D models of the human body. 

XR-based educational apps enhance the learning 

experience by providing an immersive environment 

for observing intricate anatomical details and 

practicing surgical skills. This immersive learning 

approach enables medical professionals to gain a 

deeper understanding of various systems and 

enhance their surgical expertise. 
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Diagnosis and Health Assessment 

XR applications can revolutionize patient diagnosis 

by allowing medical professionals to scan patients' 

bodies and identify health issues in real-time. These 

technologies employ 3D models and immersive 

experiences to detect ailments, fractures, and even 

cancers. Patients can be educated about their 

impending surgeries through step-by-step 

visualizations created from XR programs. The 

adoption of XR technologies in the medical field 

presents a transformative shift in healthcare 

practices. By facilitating immersive training, precise 

diagnosis, enhanced patient understanding, and 

collaborative surgical planning, XR has the potential 

to reshape the way medical professionals interact 

with data, patients, and procedures. As XR's 

applications continue to evolve, its integration 

promises to elevate the standards of medical care, 

education, and patient outcomes [37-49].  

 

FIGURE 1. A Visualization of AR, XR, MR in Medical Systems  

5. AI-XR APPLICATIONS DEVELOPMENTAL 

ADVANCEMENTS AND INNOVATIONS  

The convergence of Artificial Intelligence (AI) and 
Extended Reality (XR) has yielded a multitude of 
applications across various sectors, including 
medical training, armed forces training, gaming, 
robotics, and advanced visualization. This 
amalgamation has brought transformative 
opportunities, addressed diverse challenges, and 
enhanced user experiences. Figure 2 provides a 
visual representation and illustrative design view of 
the global applicability of AI-XR technologies. 

 
Medical Training 
 
The combination of AI and XR has unlocked new 

dimensions in medical training. XR offers immersive, 
risk-free environments that aid trainees in tasks such 

as surgical procedures. AI techniques are employed 
to harness XR data and evaluate user skills. By 
extracting and selecting features from XR-generated 
data, AI algorithms objectively assess user 
performance, enhancing training effectiveness. This 
technological synergy has led to the creation of virtual 
patients, allowing medical students to practice 
diagnostic interview skills in natural interactions. 

 
Armed Forces Training 
 
AI's role as an agent in interactive virtual 

environments has redefined armed forces training. AI 
agents are designed to challenge participants at their 
skill levels, adapting their behavior accordingly. 
Utilizing Gaussian process Bayesian optimization 
techniques, AI agents enhance their performance 
through interactions with intelligent adversaries. This 
AI-AI interaction within XR environments enables 
effective armed forces training, preparing participants 
for dynamic scenarios. 

 
Gaming Applications 
 
The AI-XR synergy has revolutionized gaming by 

allowing AI agents to engage in complex games such 
as Starcraft II and Dota 2. These applications provide 
challenging environments to rapidly train and test AI 
algorithms. Furthermore, AI agents become integral 
non-player characters (NPCs), interacting with users 
within gaming environments. Despite challenges like 
non-adaptive AI adversaries, the combination of AI 
and XR is pushing the boundaries of gaming 
experiences. 

 
Robots and Autonomous Cars 
 
The fusion of AI and XR addresses challenges in 

designing robots and training autonomous cars. 
Extracting features from sensor data and modeling 
interactions with the environment are formidable 
tasks. Virtual environments offer a cost-effective 
solution for training AI, enabling robots and 
autonomous cars to learn complex tasks without prior 
knowledge. Reinforcement learning (RL) techniques 
within XR empower AI-driven robots and cars to 
thrive in real-world scenarios. 

 
Advanced Visualization 
 
AI-XR integration extends to advanced 

visualization, enhancing the understanding of 
intricate structures and systems. AI-powered imaging 
algorithms optimize XR displays by automatically 
visualizing target structures. This synergy facilitates 
complex anatomical visualization for medical 
applications and even supports deep learning 
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structure visualization. The combination of AI-driven 
algorithms and XR platforms enriches advanced 
visualization, making it accessible and intuitive. 

 
The synergy between AI and XR has propelled a 
diverse range of applications across industries. 
Medical training benefits from XR's immersive 
environments, armed forces training gains 
adaptability through AI-XR interactions, gaming 
experiences are enriched with AI agents, robots and 
autonomous cars are trained in cost-effective virtual 
environments, and advanced visualization becomes 
more accessible with AI-enhanced XR displays. The 
fusion of AI and XR continues to redefine 
possibilities, shaping the landscape of these domains 
and setting the stage for innovative advancements.  
 

 
 

FIGURE 2. An Illustration of AI-XR Applicability and Global Stats  
 
6. AN OVERVIEW ANALYSIS OF AI-XR FROM 

HEALTH PROFESSIONALS  

The information retrieved from various professionals 
on "Extended Reality (XR) within Healthcare: 
Research and Applications" offers a 
comprehensive look at the intersection of XR and 
healthcare, catering to readers interested in the 
convergence of these domains. The audience 
includes extended reality technologists, biomedical 
engineers, instrumentation and measurement 
experts, computer scientists, and healthcare 
professionals. The content aims to provide an in-
depth introduction to XR and its potential in 
healthcare, although the alignment with this goal 
varies across different insights. 

 
Foundational Concepts and Platforms 
The initial sections outline the foundational 

concepts of XR, including virtual reality (VR), 
augmented reality (AR), and mixed reality (MR), 
along with their applications and platforms. This 
overview sets the stage for subsequent discussions 
on XR's usage and applicability in healthcare. The 
exploration of these technologies provides a solid 
grounding for understanding their potential impact on 
medical practices. 

 

Clinical Applications 
The specific clinical applications of XR cover broad 

areas such as mental health, pain management, and 
physiotherapy. These discussions highlight XR's 
ability to enhance patient care and therapeutic 
outcomes. However, some insights lack a direct link 
to the core theme of XR. For example, discussions 
on innovative telehealth systems are included but 
sometimes appear tangential to the main focus on XR 
in healthcare. The overview of telemedicine's history 
and its amplified role during the COVID-19 pandemic, 
while informative, may seem disconnected from the 
primary theme of XR. 

 
Patient Recovery and Clinical Skills 

Development 
Valuable insights are provided where XR's 

potential closely aligns with healthcare needs. 
Discussions on XR's impact on patient recovery, 
wellness, and clinical skills development offer a 
detailed exploration of XR applications. These 
insights draw from existing literature and patents, 
emphasizing the transformative potential of XR in 
medical education and patient-focused education. 
The technology's ability to provide immersive and 
interactive learning experiences is highlighted, 
showcasing its significance in training healthcare 
professionals and educating patients. 

 
Emerging Technologies and AI Integration 
Emerging technologies, such as the fusion of XR 

and artificial intelligence (AI), are also explored. This 
combination is noted for enhancing telehealth and 
training, creating intelligent healthcare solutions that 
leverage data analytics and AI. The professionals 
discussing the evolution and contribution of XR in 
smart healthcare systems provide a comprehensive 
exploration of the synergy between XR, AI, and data-
centric healthcare approaches. These insights align 
with the overarching theme and demonstrate XR's 
role in developing innovative and intelligent 
healthcare solutions. 

 
Comprehensive and Diverse Perspectives 
While some discussions might be perceived as 

tangential, the wide range of perspectives ultimately 
enriches the analysis of XR's potential in healthcare. 
The discussions span clinical applications, patient 
wellness, medical education, and beyond. Despite 
occasional deviations from the core theme, the 
information remains valuable for readers aiming to 
understand the growing relationship between XR and 
healthcare. The insights into XR's integration with AI, 
data analytics, and evolving healthcare paradigms 
provide a thorough and nuanced understanding of 
the field. 

 

https://ijeeemi.ijahst.org/
https://doi.org/10.35882/jeeemi.v6i3.4
mailto:zarifbinakhtarg@gmail.com
mailto:zarifbinakhtar@ieee.org
https://creativecommons.org/licenses/by-sa/4.0/


Indonesian Journal of Electronics, Electromedical Engineering, and Medical Informatics 
August 2024, Vol. 6, No. 3, pp. 132-146, e-ISSN: 2656-8624, https://ijeeemi.ijahst.org JEEEMIi

 
https://doi.org/10.35882/jeeemi.v6i3.4  

 

 
Corresponding author: Zarif Bin Akhtar, zarifbinakhtarg@gmail.com, zarifbinakhtar@ieee.org, Department of Engineering, University of 
Cambridge, United Kingdom  

Copyright © 2024 by the authors. Published by Jurusan Teknik Elektromedik, Politeknik Kesehatan Kemenkes Surabaya Indonesia. This 
work is an open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0).  

138 

The contributions from various professionals offer a 
multifaceted view of XR's impact on healthcare [37-
44]. The blend of foundational concepts, clinical 
applications, and emerging technologies creates a 
well-rounded analysis that highlights the 
transformative potential of XR in the medical domain. 
As XR continues to evolve and integrate with other 
technologies, its role in shaping the future of 
healthcare becomes increasingly evident. 
 
7. BIOMEDICAL VR-AR CASE STUDIES 

ANALYSIS AND THEIR ASSOCIATED 

COSTINGS  

The provided case studies offer a comprehensive 
exploration of the integration of Extended Reality 
(XR) in various biomedical applications, showcasing 
the versatility and potential of XR technologies in the 
healthcare field. 

 
CASE STUDY 1: Visualizing Complex Protein 

Images 
This case study highlights the application of XR in 

visualizing complex protein images within single 
cells. Utilizing Head-Mounted Displays (HMDs) and 
VR applications, researchers can achieve immersive 
3D visualization. ConfocalVR, a software developed 
by Immersive Science, enables users to comprehend 
cellular architecture and protein distribution through 
immersive visualization. The study employs 3D 
subcellular co-detection by indexing (CODEX) 
images obtained through multiplex imaging of cellular 
markers. High-resolution CODEX datasets are 
visualized using ConfocalVR, offering a deeper 
understanding of cellular structures and distributions. 

 
CASE STUDY 2: Augmented Reality in 

Neurosurgical Planning 
This case delves into the application of Augmented 

Reality (AR) in neurosurgical planning and execution. 
AR's potential is showcased in the visualization of 
presurgical neurovascular anatomy, aiming to 
improve outcomes in interventions involving the 
head, neck, and spine. An illustrative example 
focuses on spine fixation, where AR surgical 
navigation (ARSN) techniques were employed for 
screw placements. This exploration demonstrates 
that AR-based navigation led to higher accuracy in 
screw placement and a reduced proportion of cortical 
breaches, enhancing the precision of spine fixation 
procedures. 

 
CASE STUDY 3: VR-Based Surgical 

Techniques for Cardiac Repair 
This study presents the use of VR technology for 

visualizing complex cardiac anatomy and planning 
surgical strategies for a patient with heart failure and 

a congenital cardiac anomaly. The VR environment 
allowed the surgeon to manipulate computational 
models of both typical and altered cardiac anatomy, 
facilitating enhanced spatial comprehension and 
planning for surgical interventions. This case 
demonstrates how VR can serve as a valuable 
planning tool for intricate surgical scenarios. 

 
CASE STUDY 4: Google Cardboard in Medical 

Education 
This case introduces the use of Google Cardboard 

as a cost-effective means to experience VR in 
educational settings. It exemplifies how Google 
Cardboard, a simple VR viewer for smartphones, can 
be used to create immersive learning environments. 
The experiment involved using Google Cardboard to 
view a 360-degree video depicting the organelles 
within a plant cell, providing an engaging and 
educational experience for learners. Collectively, 
these case studies underscore XR's broad 
applicability in healthcare, ranging from visualizing 
cellular structures to enhancing surgical planning and 
medical education. The diversity of these 
applications highlights XR's potential to revolutionize 
various aspects of the healthcare industry, offering 
improved visualization, training, and procedural 
accuracy. To better understand the overall scenarios 
figure 3 provides an illustrative visualization 
concerning the matter. 
 

 
FIGURE 3. A Visual Representation of the Case Studies  

 
Cost and Implementation of XR Technologies 
The implementation of XR technologies in 

biomedical applications encompasses a wide range 
of complexities and costs. The diversity in 

https://ijeeemi.ijahst.org/
https://doi.org/10.35882/jeeemi.v6i3.4
mailto:zarifbinakhtarg@gmail.com
mailto:zarifbinakhtar@ieee.org
https://creativecommons.org/licenses/by-sa/4.0/


Indonesian Journal of Electronics, Electromedical Engineering, and Medical Informatics 
August 2024, Vol. 6, No. 3, pp. 132-146, e-ISSN: 2656-8624, https://ijeeemi.ijahst.org JEEEMIi

 
https://doi.org/10.35882/jeeemi.v6i3.4  

 

 
Corresponding author: Zarif Bin Akhtar, zarifbinakhtarg@gmail.com, zarifbinakhtar@ieee.org, Department of Engineering, University of 
Cambridge, United Kingdom  

Copyright © 2024 by the authors. Published by Jurusan Teknik Elektromedik, Politeknik Kesehatan Kemenkes Surabaya Indonesia. This 
work is an open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0).  

139 

implementation methods allows for flexibility in 
accommodating various needs and resources. At the 
more accessible end of the spectrum, options like 
using Google Cardboard hardware paired with open-
source software like Blender enable users with basic 
programming/scripting skills to create affordable VR 
experiences. Conversely, at the higher end of 
complexity and cost, specialized XR platforms 
tailored for specific medical applications can demand 
significant investment, often reaching tens of 
thousands of dollars. 

 
Cost Categories and Implementation Types 
To facilitate exploration and decision-making within 

this diverse landscape of XR implementation, Figure 
4 offers an overview of commercially available 
solutions. The data is structured based on cost 
categories: no/low cost, prosumer, and 
professional/commercial. Each of these cost 
categories is further subdivided into three 
implementation types: software only, hardware only, 
and complete platform solutions that encompass 
both hardware and software components. 
 

 
FIGURE 4. A Representation of the Costing Analytics  

 
This classification system allows individuals and 

organizations to identify XR solutions that align with 
their specific needs and available resources. 
Whether seeking affordable entry points into XR 
technology or aiming for advanced and 
comprehensive solutions, this illustration serves as a 
starting point for discovering and comparing various 
options. 

 
Technical Capabilities and Desired Outcomes 

Depending on the chosen route, specific skill sets 
such as programming and 3D modeling might be 
required. This emphasizes the importance of 
selecting an approach that suits both technical 
capabilities and the desired outcome. The range of 
XR implementation strategies outlined in the 
designed figure underscores the democratizing 
potential of these technologies. From budget-friendly 
options that enable modest customization to 
sophisticated platforms designed for professional 

and medical applications, XR offers a diverse array 
of solutions tailored to meet the unique demands of 
biomedical contexts. 
 
8. THE CHALLENGES CONCERNING XR 

SYSTEMS  

The integration of Extended Reality (XR) in 
biomedical applications has introduced several 
technical challenges that must be addressed to 
ensure the efficacy and reliability of these 
technologies. Key concerns include computational 
limitations, tracking issues, and enhancing user 
interactions. 

 
Computational Limitations and Tracking Issues 
XR experiences can suffer from latency due to 

limited computational bandwidth, potentially leading 
to collisions with physical objects when using 
immersive Head-Mounted Displays (HMDs). 
Location-based Augmented Reality (AR) systems 
may encounter inaccuracies in localization, causing 
misalignments between the virtual and physical 
worlds. Efforts are ongoing to improve tracking 
accuracy, computational efficiency, and interaction 
quality to enhance the reliability of XR systems. 

 
Privacy, Security, and Ethical Considerations 
As XR technologies gain popularity, significant 

privacy, security, and ethical considerations need to 
be addressed. Privacy breaches could occur through 
unauthorized access to cameras and GPS in mobile 
AR applications, posing risks to user data and 
experiences. Complex input sensors, including 
microphones and GPS, raise concerns about 
potential security vulnerabilities. In collaborative XR 
environments, intellectual property theft and identity 
manipulation are areas of vulnerability that require 
attention. 

 
Challenges in Mixed Reality (MR) Systems 
Mixed Reality (MR) systems present their own set 

of challenges. Achieving seamless integration of 
image capture components, computer vision, 
tracking, image fusion, and display is crucial but 
complex. The computational complexity and latency 
within each component must be managed to ensure 
real-time performance, particularly in medical 
applications. The Field of View (FOV) in MR glasses 
is also a consideration, as a narrow FOV can limit the 
usability of these systems. Additionally, memory 
storage and energy consumption are bottlenecks for 
mobile MR devices that require real-time 3D graphics 
rendering. 

 
Challenges in Virtual Reality (VR) 
In the realm of Virtual Reality (VR), several 
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challenges persist. Hardware modifications and 
updates often lead to content compatibility issues, 
hindering the consistent quality of VR experiences. 
Developing high-quality VR content is resource-
intensive and time-consuming, and the user 
experience hinges on well-designed hardware. VR 
devices can also induce negative side effects such as 
motion sickness, eye fatigue, and nausea. 
Furthermore, there is growing concern about the 
potential for VR addiction, especially among 
teenagers, due to its immersive and isolating nature, 
which can negatively impact physical and 
psychological well-being. 

 
Challenges in Educational Contexts 
In educational contexts, the adoption of VR and AR 

faces obstacles. These include a lack of focused 
attention, limited time to master the technology, high 
implementation costs, and infrastructural challenges 
such as stable internet connectivity. Virtual 
environments may demand spatial navigation skills 
and technological literacy, which can be particularly 
challenging for younger students. Despite these 
challenges, VR and AR are gaining popularity in 
educational settings. 

 
Addressing Technical, Privacy, Security, and 

Ethical Challenges 
Addressing these technical, privacy, security, and 

ethical challenges is crucial for the continued 
development and successful implementation of XR 
technologies across biomedical applications. It 
requires a concerted effort from researchers, 
developers, and policymakers to ensure that these 
technologies provide safe, effective, and ethically 
sound solutions for healthcare, education, and 
beyond. 

Efforts to overcome computational limitations and 
tracking issues must continue, with advancements in 
hardware and software playing a crucial role. Privacy 
and security measures need to be strengthened to 
protect user data and experiences. Ethical 
considerations, particularly concerning user well-
being and potential addiction, must be addressed to 
prevent negative impacts. In education, focused 
training and infrastructure improvements are 
necessary to fully realize the potential of VR and AR 
technologies. By tackling these challenges head-on, 
the XR community can ensure that these 
transformative technologies achieve their full 
potential, providing significant benefits across 
various domains, including biomedical applications. 
 
9. THE AI REVOLUTION WITHIN THE REALM 

OF HEALTHCARE SYSTEMS  

Artificial Intelligence (AI) encompasses a wide range 

variety of technologies, each bringing significant 
advancements to the healthcare sector. These 
technologies support diverse processes and tasks, 
offering a wide range of applications that enhance 
both clinical and administrative functions. 

 
Machine Learning (ML) in Healthcare 
Machine learning, which includes neural networks 

and deep learning, is a prominent form of AI. It 
involves training models with data to make 
predictions and decisions. In healthcare, machine 
learning is applied in precision medicine, helping to 
predict treatment success based on patient attributes 
and contexts. Neural networks and deep learning are 
advanced forms of machine learning used for 
complex tasks like disease prediction and radiology 
image analysis. These technologies enable more 
accurate diagnoses and personalized treatment 
plans by analyzing vast amounts of data to identify 
patterns and insights that might be missed by human 
practitioners. 

 
Natural Language Processing (NLP) 
Natural language processing (NLP) is another 

critical AI field, focusing on the understanding and 
interpretation of human language. It employs both 
statistical and semantic approaches to facilitate tasks 
such as clinical documentation analysis and 
transcription. NLP helps in extracting meaningful 
information from unstructured text, improving the 
efficiency and accuracy of clinical documentation and 
aiding in the creation of comprehensive patient 
records. 

 
Rule-Based Expert Systems and Physical 

Robots 
While rule-based expert systems have traditionally 

been used for clinical decision support, they are 
gradually being supplanted by data-driven 
approaches like machine learning, which offer more 
flexibility and accuracy. Physical robots are 
becoming increasingly intelligent and collaborative, 
finding applications in various healthcare settings, 
including surgical procedures. These robots can 
assist surgeons with precision tasks, reducing the 
risk of human error and improving surgical outcomes. 

 
Robotic Process Automation (RPA) 
Robotic process automation (RPA) involves the 

automation of structured digital tasks for 
administrative purposes, enhancing efficiency in 
areas such as claims processing and billing. RPA 
helps healthcare organizations streamline their 
operations, reduce administrative burdens, and 
minimize errors in repetitive tasks. 

 
Diagnosis and Treatment Innovations 
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AI has profound implications for diagnosis and 

treatment. Early AI systems were rule-based, but 
recent advancements in machine learning, deep 
learning, and big data have led to probabilistic and 
evidence-based diagnosis and treatment predictions. 
Companies like Google and various startups are 
focusing on AI-driven diagnostic and treatment 
applications. Additionally, genomic-based precision 
medicine is gaining traction, leveraging AI to analyze 
genetic information and develop personalized 
treatment plans. 

 
Integration Challenges 
Despite the promising potential of AI, integrating 

these technologies with clinical workflows and 
electronic health record (EHR) systems remains a 
significant challenge. Seamless integration is crucial 
to maximize the benefits of AI in healthcare, ensuring 
that AI-driven insights are easily accessible to 
healthcare professionals within their existing 
workflows. 

 
Patient Engagement and Adherence 
AI enhances patient engagement and adherence 

by personalizing and contextualizing care. Machine 
learning and business rules are used to provide 
nuanced interventions, tailored to individual patient 
needs and behaviors. This personalized approach 
helps improve patient participation and adherence to 
treatment plans, leading to better health outcomes. 

 
Administrative Applications 
In addition to clinical applications, AI has 

substantial administrative uses. Robotic process 
automation streamlines claims processing, chatbots 
facilitate patient interactions, and machine learning 
enhances claims and payment administration. These 
applications help healthcare organizations improve 
efficiency, reduce costs, and provide better services 
to patients. 

Figure 5 illustrates a visual overview of the impact 
of AI in healthcare, highlighting the various 
applications and benefits of these technologies. The 
AI revolution within healthcare systems is driving 
significant advancements across clinical and 
administrative domains. By leveraging machine 
learning, NLP, RPA, and other AI technologies, 
healthcare providers can enhance diagnostics, 
personalize treatments, improve patient 
engagement, and streamline administrative 
processes, ultimately leading to better patient care 
and operational efficiency. Addressing integration 
challenges and ethical considerations will be key to 
fully realizing the potential of AI in healthcare. 
 

 
FIGURE 5. A Visual Representation of AI in Healthcare  

 
10. RESULTS AND FINDINGS  

The rapid expansion of AI applications necessitates 
comprehensive guidelines and ethical frameworks to 
govern its multifaceted uses across research, clinical 
practice, and public health. Existing regulations may 
not fully cover the broad spectrum of AI applications, 
and relying solely on these mechanisms might not 
ensure public trust and accountability. To address 
these challenges, a systemic oversight approach 
known as AFIRRM (Assessment, Foresight, 
Innovation, Regulation, Responsibility, and 
Monitoring) has been proposed as a governance 
blueprint. This framework provides a structured 
approach to managing the ethical and practical 
aspects of AI integration. 

In the realm of AI-driven research, ethical review 
committees should incorporate reflexive 
assessments evaluating both scientific and societal 
implications. This may involve new professional 
figures, such as social scientists, to provide a broader 
perspective. Research funders could mandate 
monitoring mechanisms as part of research plans 
and establish multidisciplinary committees for 
periodic assessment. 

For large-scale AI-driven projects involving 
community data, inclusive practices must be 
experimented with to ensure broad social learning 
across various epistemic communities. This 
approach promotes transparency and accountability 
in handling community data. In the context of patient 
care, clinical validation is critical. While tailored 
evidence standards are essential for responsible 
clinical innovation, they alone cannot address the 
spectrum of ethical issues arising. Hospitals might 
establish "clinical AI oversight bodies" to advise 
on technology adoption, monitor its impact on patient 
journeys, and ensure engagement throughout care 
processes. As AI-driven diagnostics become 
prevalent, consent requirements need to adapt to 
highly automated data processing. This ensures 
patients are fully informed and consenting to the use 
of their data in these advanced systems. 

In public health, AI's enhanced granularity in 
disease surveillance and health promotion 
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necessitates community-level negotiations to avoid 
disempowerment and maintain public trust. 
Community-wide inclusive deliberations will be 
pivotal in defining acceptable data collection and 
algorithmic analysis boundaries. These initiatives 
exemplify steps toward establishing AI as a socially 
robust technology. Societal stakeholders, including 
scientific and clinical institutions, are encouraged to 
experiment with governance frameworks that 
harness AI's benefits for knowledge and health while 
addressing emerging ethical challenges. Parallel to 
AI, XR technology, despite its existence for decades, 
has recently gained widespread attention, particularly 
in biomedical engineering. This research explores 
current trends in XR within medicine and biology, 
providing visual representations of the findings in 
Figure 6 for a better understanding.  
 

 
FIGURE 6. The results and findings concerning the research 

investigative explorations  
 
XR, especially Virtual Reality (VR), facilitates the 

visualization and analysis of 3D models across 
various scales, from molecular structures to 
anatomical representations. Integrating XR tools in 
education enhances learning, as seen in teaching cell 
structures and anatomy at various educational levels. 
XR also finds application in telehealth, therapy, and 
surgical planning, enabling remote consultations and 
treatments. While XR's potential is evident, several 
challenges must be addressed before it can be widely 
embraced. These include issues related to software, 
hardware, user experience, affordability, and 
mitigating side effects. Overcoming these hurdles is 
essential to realizing XR's full potential for public use. 
The research underscores the ongoing progress and 
potential of XR technology in biomedicine, 
acknowledging the hurdles that require resolution. 
Both AI and XR hold transformative potential for 
healthcare, but their integration must be carefully 
managed to ensure ethical, practical, and effective 
applications. The findings emphasize the need for 
robust governance frameworks and continuous 
innovation to fully harness these technologies for 

public benefit. 
 
11. DISCUSSIONS AND FUTURE DIRECTIONS  

AI is poised to play a transformative role in the future 
of healthcare, particularly through advancements in 
machine learning and deep learning. These 
technologies are driving the development of precision 
medicine by enabling more accurate and 
individualized treatment plans. Although AI has 
initially faced challenges in providing accurate 
diagnosis and treatment recommendations, 
continuous improvements suggest that AI will soon 
excel in these areas. 

One of the most promising areas of AI application 
in healthcare is imaging analysis. Rapid progress in 
this field indicates that machine examination of 
radiology and pathology images will become a 
standard practice. AI's ability to analyze large 
volumes of imaging data with high accuracy can 
significantly enhance diagnostic processes and 
outcomes. 

AI applications in speech and text recognition are 
already being used for tasks such as patient 
communication and clinical note capture. These 
applications are expected to expand, improving the 
efficiency and accuracy of documentation and 
communication within healthcare settings. As AI 
systems become more sophisticated, their ability to 
understand and process natural language will 
enhance various aspects of patient care. 

Despite these advancements, the main hurdle for 
AI adoption in healthcare lies in its integration into 
daily clinical practice. Several factors contribute to 
this challenge. 

    Regulatory Approval: Gaining regulatory 
approval for AI-driven healthcare solutions is a 
complex and time-consuming process. Ensuring that 
AI systems meet stringent safety and efficacy 
standards is crucial for their acceptance and use. 

 
    EHR System Compatibility: Integrating AI with 

existing Electronic Health Record (EHR) systems is 
essential for seamless operation. However, 
compatibility issues can arise, requiring significant 
efforts to standardize and harmonize data formats 
and protocols. 

 
    Standardization: The lack of standardized 

protocols and guidelines for AI implementation in 
healthcare poses a barrier to widespread adoption. 
Developing and adhering to uniform standards will be 
vital for ensuring consistency and reliability. 

 
    Clinician Training: Effective use of AI in 

healthcare requires clinicians to be adequately 
trained in using these technologies. Ongoing 
education and training programs will be necessary to 
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equip healthcare professionals with the skills needed 
to leverage AI tools effectively. 

 
    Funding: Securing funding for AI initiatives in 

healthcare is critical. Investment is needed not only 
for the development and implementation of AI 
systems but also for their maintenance and 
continuous improvement. 

 
    Ongoing Updates: AI systems require regular 

updates to incorporate new data, improve algorithms, 
and address emerging challenges. Ensuring that 
these updates are implemented without disrupting 
clinical workflows is essential for maintaining the 
efficacy of AI applications. 

 
The future of AI in healthcare is promising, with 
significant potential to improve diagnostics, 
treatment, and overall patient care. However, 
realizing this potential will require addressing the 
integration challenges through regulatory support, 
standardization, training, funding, and continuous 
updates. As these hurdles are overcome, AI will 
become an integral part of healthcare, driving 
innovation and enhancing the quality of care provided 
to patients. 
 
12. CONCLUSIONS  

AI is set to significantly enhance the capabilities of 
human clinicians, rather than replace them. It will 
augment their efforts, allowing them to concentrate 
on human-centric skills while leveraging AI 
technologies for improved efficiency and accuracy. 
Over the next few years, we expect limited AI use in 
clinical practice, with more extensive integration 
anticipated within the next decade. Similarly, XR 
technology, despite its long history, has seen a surge 
in popularity recently, especially within biomedical 
engineering. XR applications are being developed 
across medicine and biology, highlighting current 
trends in XR implementation within these domains. 

XR, particularly VR, is being utilized to visualize 
and analyze 3D models across various scales, from 
molecular structures to anatomical representations. 
Its integration into educational settings enhances 
learning by providing immersive and interactive 
experiences. XR is increasingly being adopted to 
teach biological concepts at all educational levels, 
from high school to university. It shows promise in 
replacing traditional cadaver-based training for 
medical students, offering a realistic and interactive 
alternative. 

XR technology is also making inroads into 
telehealth and therapy, aiding in remote 
consultations and treatments. The ability to create 
immersive and interactive environments allows for 
better patient engagement and more effective 

treatment plans, even from a distance. The case 
studies investigations illustrates the XR's potential 
across various applications. 

 
Learning with Google Cardboard provides an 
affordable entry point into VR education. Visualizing 
single-cell protein images using VR enables 
researchers to explore cellular structures in an 
immersive 3D environment. Surgical planning using 
AR and VR offers enhanced visualization and 
precision, leading to better surgical outcomes. 

 
Despite the growing use of XR in biomedicine, 

several challenges need to be addressed for its 
widespread adoption in daily use. These include: 
 
Software Development: Creating robust and user-
friendly XR applications that meet the specific needs 
of healthcare professionals. 
 
Hardware Limitations: Ensuring that XR devices 
are comfortable, reliable, and affordable for regular 
use in clinical settings. 
 
User Experience: Enhancing the user experience to 
ensure that XR applications are intuitive and easy to 
use. 
 
Affordability: Reducing the cost of XR technology to 
make it accessible to a broader range of healthcare 
providers and educational institutions. 

 
Both AI and XR technologies hold tremendous 
potential to revolutionize healthcare and biomedical 
engineering. While AI will enhance the capabilities of 
clinicians, XR will provide new ways to visualize, 
analyze, and interact with complex biological data. 
Addressing the current challenges in software, 
hardware, user experience, and affordability will be 
crucial for the widespread adoption of these 
technologies. As these challenges are overcome, AI 
and XR will become integral parts of healthcare, 
driving innovation and improving patient care and 
education. 
 
REFERENCES  

[1] John Denis Enderle; Joseph D. Bronzino (2012). Introduction to 
Biomedical Engineering. Academic Press. pp. 16–. ISBN 978-

0-12-374979-6.  

[2] "Medical Device Regulations: Global overview and guiding 
principles" (PDF). World Health Organization (WHO). 2003.  

[3] "Disciplines. Countries. USA". Archived from the original on 
2023-02-20. Retrieved 2023-02-20.  

[4] Goyal, Megh R. (2018-01-03). Scientific and Technical Terms in 
Bioengineering and Biological Engineering. CRC Press. ISBN 
978-1-351-36035-7.  

[5] "Biomedical Engineering - Electrical and Computer Eng. 
Ryerson". Ee.ryerson.ca. 2011-08-04. Archived from the 

original on September 27, 2011. Retrieved 2011-09-24.  

https://ijeeemi.ijahst.org/
https://doi.org/10.35882/jeeemi.v6i3.4
mailto:zarifbinakhtarg@gmail.com
mailto:zarifbinakhtar@ieee.org
https://creativecommons.org/licenses/by-sa/4.0/


Indonesian Journal of Electronics, Electromedical Engineering, and Medical Informatics 
August 2024, Vol. 6, No. 3, pp. 132-146, e-ISSN: 2656-8624, https://ijeeemi.ijahst.org JEEEMIi

 
https://doi.org/10.35882/jeeemi.v6i3.4  

 

 
Corresponding author: Zarif Bin Akhtar, zarifbinakhtarg@gmail.com, zarifbinakhtar@ieee.org, Department of Engineering, University of 
Cambridge, United Kingdom  

Copyright © 2024 by the authors. Published by Jurusan Teknik Elektromedik, Politeknik Kesehatan Kemenkes Surabaya Indonesia. This 
work is an open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0).  

144 

 

[6] Fagette Jr., Paul H.; Horner, Patricia I., eds. (2004). Celebrating 

35 years of Biomedical Engineering: An Historical 
Perspective (PDF). Landover, MD: Biomedical Engineering 
Society. p. 4.  

[7] Verma, Pranshu; Schaul, Kevin. "See why AI like ChatGPT has 
gotten so good, so fast". Washington Post. Archived from the 
original on 29 May 2023. Retrieved 28 May 2023.  

[8] "Will AI-generated images create a new crisis for fact-checkers? 
Experts are not so sure". Reuters Institute for the Study of 

Journalism. 11 April 2023. Archived from the original on 28 
May 2023. Retrieved 28 May 2023. 

  

[9] "How Generative AI Can Augment Human Creativity". Harvard 
Business Review. 16 June 2023. ISSN 0017-8012. Archived 

from the original on 20 June 2023. Retrieved 20 June 2023.  

 

[10] Berdahl, Carl Thomas; Baker, Lawrence; Mann, Sean; Osoba, 
Osonde; Girosi, Federico (7 February 2023). "Strategies to 
Improve the Impact of Artificial Intelligence on Health Equity: 

Scoping Review". JMIR AI. 2: e42936. doi:10.2196/42936. 
ISSN 2817-1705. S2CID 256681439. Archived from the 
original on 21 February 2023. Retrieved 21 February 2023.  

 

[11] Urbina, Fabio; Lentzos, Filippa; Invernizzi, Cédric; Ekins, Sean 

(7 March 2022). "Dual use of artificial-intelligence-powered 
drug discovery". Nature Machine Intelligence. 4 (3): 189–191. 
doi:10.1038/s42256-022-00465-9. PMC 9544280. PMID 

36211133. S2CID 247302391.  

 

[12] E McGaughey, 'Will Robots Automate Your Job Away? Full 
Employment, Basic Income, and Economic Democracy' 
(2022) 51(3) Industrial Law Journal 511–559 Archived 27 May 

2023 at the Wayback Machine  

 

[13] Vincent, James (15 November 2022). "The scary truth about 
AI copyright is nobody knows what will happen next". The 
Verge. Archived from the original on 19 June 2023. Retrieved 

19 June 2023.  

 

[14] "Artificial Intelligence Index Report 2023/Chapter 6: Policy and 
Governance" (PDF). AI Index. 2023. Archived (PDF) from the 
original on 19 June 2023. Retrieved 19 June 2023.  

 

[15] Kissinger, Henry (1 November 2021). "The Challenge of Being 
Human in the Age of AI". The Wall Street Journal. Archived 

from the original on 4 November 2021. Retrieved 4 November 
2021.  

 

[16] Deloitte Insights State of AI in the enterprise. Deloitte, 2018. 
www2.deloitte.com/content/dam/insights/us/articles/4780_St

ate-of-AI-in-the-
enterprise/AICognitiveSurvey2018_Infographic.pdf. [Google 
Scholar]  

 

[17] Lee SI, Celik S, Logsdon BA, et al. A machine learning 

approach to integrate big data for precision medicine in acute 
myeloid -leukemia. Nat Commun 2018;9:42. [PMC free 
article] [PubMed] [Google Scholar]  

 

[18] Sordo M. Introduction to neural networks in healthcare. 

OpenClinical, 2002. 
www.openclinical.org/docs/int/neuralnetworks011.pdf  
[Google Scholar]  

 

[19] Fakoor R, Ladhak F, Nazi A, Huber M. Using deep learning to 

enhance cancer diagnosis and classification. A conference 
-presentation The 30th International Conference on Machine 
Learning, 2013. [Google Scholar]  

 

[20] Vial A, Stirling D, Field M, et al. The role of deep learning and 

-radiomic feature extraction in cancer-specific predictive 
modelling: a review. Transl Cancer Res 2018;7:803–16. 
[Google Scholar]  

 

[21] Hussain A, Malik A, Halim MU, Ali AM. The use of robotics in 

-surgery: a review. Int J Clin Pract 2014;68:1376–82. 
[PubMed] [Google Scholar]  

 

[22] Bush J. How AI is taking the scut work out of health care. 
Harvard Business Review 2018. https://hbr.org/2018/03/how-

ai-is-taking-the-scut-work-out-of-health-care. [Google 
Scholar]  

 

[23] Ross C, Swetlitz I. IBM pitched its Watson supercomputer as 
a revolution in cancer care. It's nowhere close. Stat 2017. 

www.statnews.com/2017/09/05/watson-ibm-cancer. [Google 
Scholar]  

 

[24] Davenport TH. The AI Advantage. Cambridge: MIT Press, 
2018. [Google Scholar]  

 

[25] Schmidt-Erfurth U, Bogunovic H, Sadeghipour A, et al. 

Machine learning to analyze the prognostic value of current 
imaging biomarkers in neovascular age-related macular 
degeneration. Opthamology Retina 2018;2:24–30. [PubMed] 

[Google Scholar]  

 

[26] Rajkomar A, Oren E, Chen K, et al. Scalable and accurate 
deep learning with electronic health records. npj Digital 
Medicine 2018;1:18 www.nature.com/articles/s41746-018-

0029-1. [Google Scholar]  

 

[27] UserTesting Healthcare chatbot apps are on the rise but the 
overall customer experience (cx) falls short according to a 
UserTesting report. San Francisco: UserTesting, 2019. 

[Google Scholar]  

 

[28] Char DS, Shah NH, Magnus D. Implementing machine 
learning in health care – addressing ethical challenges. N 
Engl J Med 2018;378:981–3. [PMC free article] [PubMed] 

[Google Scholar]  

 

[29] Tu, Xinyi (2023). "TwinXR: Method for using digital twin 

descriptions in industrial eXtended reality applications". 
Frontiers in Virtual Reality. 4. doi:10.3389/frvir.2023.1019080. 
ISSN 2673-4192.  

 

[30] Casini, Marco (2022). "Extended Reality for Smart Building 

Operation and Maintenance: A Review". Energies. 15 (10): 
3785. doi:10.3390/en15103785. ISSN 1996-1073.  

 

[31] Chuah, Stephanie Hui-Wen (2018). "Why and Who Will Adopt 
Extended Reality Technology? Literature Review, Synthesis, 

and Future Research Agenda". SSRN 3300469.  

 

[32] "NASA shows the world its 20-year virtual reality experiment 
to train astronauts: The inside story – TechRepublic". 
TechRepublic. Retrieved 15 March 2017.  

 

[33] James, Paul (19 April 2016). "A Look at NASA's Hybrid Reality 

Astronaut Training System, Powered by HTC Vive – Road to 
VR". Road to VR. Retrieved 15 March 2017.  

 

[34] "Multiple Conformant OpenXR Implementations Ship Bringing 
to Life the Dream of Portable XR Applications". Khronos 

Group. 2020-07-28. Retrieved 2020-10-26.  

https://ijeeemi.ijahst.org/
https://doi.org/10.35882/jeeemi.v6i3.4
mailto:zarifbinakhtarg@gmail.com
mailto:zarifbinakhtar@ieee.org
https://creativecommons.org/licenses/by-sa/4.0/
http://www.openclinical.org/docs/int/neuralnetworks011.pdf
https://hbr.org/2018/03/how-ai-is-taking-the-scut-work-out-of-health-care
https://hbr.org/2018/03/how-ai-is-taking-the-scut-work-out-of-health-care
http://www.statnews.com/2017/09/05/watson-ibm-cancer
http://www.nature.com/articles/s41746-018-0029-1
http://www.nature.com/articles/s41746-018-0029-1


Indonesian Journal of Electronics, Electromedical Engineering, and Medical Informatics 
August 2024, Vol. 6, No. 3, pp. 132-146, e-ISSN: 2656-8624, https://ijeeemi.ijahst.org JEEEMIi

 
https://doi.org/10.35882/jeeemi.v6i3.4  

 

 
Corresponding author: Zarif Bin Akhtar, zarifbinakhtarg@gmail.com, zarifbinakhtar@ieee.org, Department of Engineering, University of 
Cambridge, United Kingdom  

Copyright © 2024 by the authors. Published by Jurusan Teknik Elektromedik, Politeknik Kesehatan Kemenkes Surabaya Indonesia. This 
work is an open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0).  

145 

 

[35] "Snapdragon Spaces XR Developer Platform Launches to 

Create Headworn AR Experiences that Adapt to the Spaces 
Around Us | Qualcomm". www.qualcomm.com.  Retrieved 
2022-08-11.  

 

[36] Yeung, A., Tosevska, A., Klager, E., Eibensteiner, F., Laxar, D., 

Stoyanov, J., Glisic, M., Zeiner, S., Kulnik, S. T., Crutzen, R., 
Kimberger, O., Kletecka-Pulker, M., Atanasov, A. G., & 
Willschke, H (10 February 2021). "Virtual and Augmented 

Reality Applications in Medicine: Analysis of the Scientific 
Literature". Journal of Medical Internet Research. 23 (2): 
e25499. doi:10.2196/25499. PMC 7904394. PMID 

33565986.  

 

[37] Akhtar, Z. B., & Gupta, A. D. (2024). Advancements within 
Molecular Engineering for Regenerative Medicine and 
Biomedical Applications an Investigation Analysis towards A 

Computing Retrospective. Journal of Electronics, 
Electromedical Engineering, and Medical Informatics, 6(1), 
54-72. https://doi.org/10.35882/jeeemi.v6i1.351  

 

[38] Akhtar, Z. B., & Gupta, A. D. . (2024). Integrative Approaches 

for Advancing Organoid Engineering: From Mechanobiology 
to Personalized Therapeutics. Journal of Applied Artificial 
Intelligence, 5(1), 1–27. 

https://doi.org/10.48185/jaai.v5i1.974  

 

[39] Akhtar, Z. B. (2023). Accelerated Computing A Biomedical 
Engineering and Medical Science Perspective. In Annals of 
the Academy of Romanian Scientists Series on Biological 

Sciences (Vol. 12, Issue 2, pp. 138–164). Academia 
Oamenilor de Stiinta din Romania. 
https://doi.org/10.56082/annalsarscibio.2023.2.138  

 

[40] Akhtar, Z. (2023). Designing an AI Healthcare System: EHR 

and Priority-Based Medical Segmentation Approach. Medika 
Teknika : Jurnal Teknik Elektromedik Indonesia, 5(1), 50-66. 
doi: https://doi.org/10.18196/mt.v5i1.19399  

 

[41] Akhtar, Z.B. Unveiling the evolution of generative AI (GAI): a 

comprehensive and investigative analysis toward LLM 
models (2021–2024) and beyond. Journal of Electrical 
Systems and Inf Technol 11, 22 (2024). 
https://doi.org/10.1186/s43067-024-00145-1  

 

[42] Zarif Bin Akhtar"Unraveling the Promise of Computing DNA 

Data Storage: An Investigative Analysis of Advancements, 
Challenges, Future Directions," Journal of Advances in 
Artificial Intelligence vol. 2, no. 1, pp. 122-137, 2024. 

https://www.jaai.net/vol2/JAAI-V2N1-22.pdf  

 

[43] Akhtar, Z.B.: The design approach of an artificial intelligent (AI) 
medical system based on electronical health records (EHR) 
and priority segmentations. J. Eng. 2024, 1–10 (2024). 

https://doi.org/10.1049/tje2.12381  

 

[44] Z. B. Akhtar and V. Stany Rozario, "The Design Approach of 
an Artificial Human Brain in Digitized Formulation based on 
Machine Learning and Neural Mapping," 2020 International 

Conference for Emerging Technology (INCET), Belgaum, 
India, 2020, pp. 1-7, doi: 
10.1109/INCET49848.2020.9154000. 

https://ieeexplore.ieee.org/document/9154000 

 

[45] Akhtar, Z. B. (2024). Mapping Generative Artificial Intelligence 
(GAI’s) Exciting Future: From Gemini to Q* and Beyond. EAI 
Endorsed Transactions on AI and Robotics, 3. 

https://doi.org/10.4108/airo.5962  

 

[46] AKHTAR, Z. (2024). BIOMEDICAL ENGINEERING (BME) 

AND MEDICAL HEALTH SCIENCE: AN INVESTIGATION 
PERSPECTIVE EXPLORATION. Quantum Journal of 
Medical and Health Sciences, 3(3), 1–24. Retrieved from 

https://www.qjmhs.com/index.php/qjmhs/article/view/89  

 

[47] Bin Akhtar, Z. (2024). Artificial intelligence (AI) within 
manufacturing: An investigative exploration for opportunities, 
challenges, future directions. Metaverse, 5(2), 2731. 

doi:http://dx.doi.org/10.54517/m.v5i2.2731 

 

[48] Bin Akhtar, Z. (2024). From bard to Gemini: An investigative 
exploration journey through Google’s evolution in 
conversational AI and generative AI. Computing and Artificial 

Intelligence, 2(1), 1378. 
https://doi.org/10.59400/cai.v2i1.1378  

 

[49] Akhtar, Z. B. (2024). Exploring Biomedical Engineering (BME): 
Advances within Accelerated Computing and 

Regenerative Medicine for a Computational and Medical Science 
Perspective Exploration Analysis. J Emerg Med OA, 2(1), 

01-23. https://www.opastpublishers.com/open-access-
articles/exploring-biomedical-engineering-bme-advances-
within-accelerated-computing-and-regenerative-medicine-

for-a-computational.pdf 

  

 

 

AUTHOR BIOGRAPHY  

Zarif Bin Akhtar a research scholar who is 

currently pursuing Master of Philosophy 

(MPhil) Reserach in Machine Learning and 

Machine Intelligence within the Department 

of Engineering at the University of 

Cambridge. His undergrad academic 

journey was a bumpy road start during the 

timeline of his undergrad studies. Initially 

selected and admitted into The University 

of Dhaka (DU) at the Institute of Information Technology (IIT) within 

the Software Engineering (SE) Department for the BSSE program. 

Unfortunately, at the time due to his dad's heart attack along with 

stroke which ultimately was forwarded into hospitalization and 

operation during that time, he had moved into The American 

International University-Bangladesh (AIUB) into the Faculty of 

Engineering (FE) within the Computer Engineering (CoE) 

Department for the Bachelor of Science (B.Sc.) program. He had 

finished his 4-year undergrad studies from AIUB where he had 

completed a total number of 188 credits which after mapping was 

finalized into 159 credits with the awarded degree for Bachelor of 

Science (B.Sc.) in Computer Engineering (CoE) with a Major in 

Biomedical Engineering and a Minor in 3D Modeling and 

Animation. As he was graduating, he had also received Honors 

which came in the form of the Prestigious Vice-Chancellors (VC) 

Award and Deans Award for the Best Project & Thesis along with, 

The Leadership Award at the 20th convocation of AIUB that had 

taken place on 2021.  

 

https://ijeeemi.ijahst.org/
https://doi.org/10.35882/jeeemi.v6i3.4
mailto:zarifbinakhtarg@gmail.com
mailto:zarifbinakhtar@ieee.org
https://creativecommons.org/licenses/by-sa/4.0/
http://www.qualcomm.com/
https://doi.org/10.35882/jeeemi.v6i1.351
https://doi.org/10.48185/jaai.v5i1.974
https://doi.org/10.56082/annalsarscibio.2023.2.138
https://doi.org/10.18196/mt.v5i1.19399
https://doi.org/10.1186/s43067-024-00145-1
https://www.jaai.net/vol2/JAAI-V2N1-22.pdf
https://doi.org/10.1049/tje2.12381
https://ieeexplore.ieee.org/document/9154000
https://doi.org/10.4108/airo.5962
https://www.qjmhs.com/index.php/qjmhs/article/view/89
http://dx.doi.org/10.54517/m.v5i2.2731
https://doi.org/10.59400/cai.v2i1.1378
https://www.opastpublishers.com/open-access-articles/exploring-biomedical-engineering-bme-advances-within-accelerated-computing-and-regenerative-medicine-for-a-computational.pdf
https://www.opastpublishers.com/open-access-articles/exploring-biomedical-engineering-bme-advances-within-accelerated-computing-and-regenerative-medicine-for-a-computational.pdf
https://www.opastpublishers.com/open-access-articles/exploring-biomedical-engineering-bme-advances-within-accelerated-computing-and-regenerative-medicine-for-a-computational.pdf
https://www.opastpublishers.com/open-access-articles/exploring-biomedical-engineering-bme-advances-within-accelerated-computing-and-regenerative-medicine-for-a-computational.pdf


Indonesian Journal of Electronics, Electromedical Engineering, and Medical Informatics 
August 2024, Vol. 6, No. 3, pp. 132-146, e-ISSN: 2656-8624, https://ijeeemi.ijahst.org JEEEMIi

 
https://doi.org/10.35882/jeeemi.v6i3.4  

 

 
Corresponding author: Zarif Bin Akhtar, zarifbinakhtarg@gmail.com, zarifbinakhtar@ieee.org, Department of Engineering, University of 
Cambridge, United Kingdom  

Copyright © 2024 by the authors. Published by Jurusan Teknik Elektromedik, Politeknik Kesehatan Kemenkes Surabaya Indonesia. This 
work is an open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0).  

146 

   Ahmed Tajbiul Rawol is an aspiring Developer who is currently 

pursuing within the context of Software 

Development. His services and skillset 

extends towards Custom Software 

Development, Web Development, Web 

Design, Application Development, Cloud 

Management, SaaS Development, and 

Blogging. He received his undergard 

degree for the Bachelor of Science 

(B.Sc.) in Computer Science & Software 

Engineering (CSSE) within the Faculty of 

Science and Technology from the 

Department of Computer Science at the American International 

University-Bangladesh (AIUB), Bangladesh.  

 

 

 

https://ijeeemi.ijahst.org/
https://doi.org/10.35882/jeeemi.v6i3.4
mailto:zarifbinakhtarg@gmail.com
mailto:zarifbinakhtar@ieee.org
https://creativecommons.org/licenses/by-sa/4.0/

