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ABSTRACT

The integration of Augmented Reality (AR) in healthcare systems has revolutionized medical practice
globally, offering enhanced precision, efficiency, and patient care. In India, AR is emerging as a
transformative tool, particularly in the areas of diagnostics, surgical procedures, medical education, and
patient management. This paper explores the impact of AR on the digital healthcare landscape in India,
analyzing its potential to improve healthcare accessibility, reduce errors in medical procedures, and
streamline medical training. The review highlights the benefits of AR in telemedicine, surgical navigation,
and remote diagnostics, addressing key challenges such as infrastructural limitations, high implementation
costs, and regulatory hurdles that hinder its widespread adoption in the country. Furthermore, the role of AR
in bridging the healthcare divide between urban and rural areas is discussed, along with the opportunities
it presents for startups and public healthcare institutions. While AR offers immense promise for India’s
healthcare future, the need for stronger policy frameworks, better funding, and greater technological
awareness is crucial to unlocking its full potential.
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Augmented reality is a technology that can be used to improve health. AR has several advantages to
bring up and offer to action the patient’s physical space. These benefits include substituting unpleasant
experiences and making a passive activity more active. Providing customized graphics, illustrating in
real-time, bringing the focus of the presentation forward, and being entertaining. Augmented reality is a
technology that allows the placement of virtual objects in a real setting, in such a way that it is possible
to interact with them. The user sees the real world while it is enriched in real-time with additional data.
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This technology, which allows elements to be superimposed on the real world, improves performance.
This can be applied in computer security training and in the performance of medical activities; it has
developed specific applications for learning and professional updating. Augmented reality is an affordable
technological tool that can be experienced as an innovative strategy in the development of emerging
technologies adapted by the health sector!!l. The impact it can offer in terms of advantageous resolution
for patients can be launched to obtain a winning solution. The doctor-patient relationship is better if
both have access to shared information, and for the viewer, it is possible not only to receive information
but also to optimize the visualization and the tools that allow updating the doctor. Augmented Reality
(AR) plays an important role in the healthcare system. Augmented Reality (AR) simplifies human
life by providing reliable and structured information and eliminates the traditional use of computers
and digital display technologies like mobile devices and tablets. Augmented Reality offers interactive
functionality and digital learning in the healthcare system. As we belong to the information and social
media age, technology in education and business environments should be interactive and sympathetic.
Research in physical therapy, dentistry, surgery, and other health areas shows that digital reality has
the potential to create a more interactive learning environment that helps improve student engagement,
eases comprehension, and allows learners to explore new perspectives in health management, physical
therapy, and overall healthcare!®.

The concept of Augmented Reality (AR) is not a new technology, but it remains a dissonance. AR
technology is the ability to run a simulation approach of user senses though aesthetically presented
in a virtual environment. It provides a new knowledge retrieval path that was previously unavailable.
The visual and auditory are the first approaches tested in the nascent AR studies!”. Only in recent years
have more sophisticated experimental essays in sensory and interaction prototypes on olfaction and
gustation been tested and published. The development of 3D-based simulations has also allowed for
better approximation in virtual haptic reality. The possibility to interact with and inspect information,
objects, and structures from different perspectives as well as at various resolutions streamlines learning
and information gathering. It automatically poses a risk of producing an excess of information, just about
due to immersion in the new experience!®!,

OBJECTIVE OF THE STUDY

The work entitled ‘The Impact of Augmented Reality in the Digital Healthcare System’is theoretical in
nature and deals with the following essential objective and agenda (but not limited to)—

O To know about the current applications of Augmented Reality (AR) in healthcare system.
O To learn about the potential benefits of AR in improving healthcare accessibility.

O To know about the challenges and barriers to AR adoption in India’s healthcare system.
O To learn about the impact of AR on patient engagement and education.

O To know about the future of AR in healthcare system.

REVIEW OF LITERATURE

Conducting this theoretical type study on ‘The Impact of Augmented Reality in the Digital Healthcare
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System’ a large number of research papers, government records and research platforms have been studied
and referred, some significant among them are specially mentioned here in detail by giving the necessary
details of the researchers whose works have been taken into consideration for this literature review.

Bansal, N. & Mehta, D. (2018) the authors emphasized on how Augmented Reality (AR) technology
may be employed in the Indian healthcare system to diagnose and treat eye disorders. According to
their research, AR-based tools greatly improved ophthalmologists’ skills by providing high-resolution,
real-time visualizations of the retina and other interior eye structures. Macular degeneration, glaucoma,
and diabetic retinopathy could all be more accurately diagnosed because to these sophisticated imaging
features. In order to prevent eyesight loss, practitioners were able to identify anomalies early on by using
AR tools to overlay digital information onto the physical examination. Chowdhury, S., & Banerjee, A.
(2021) they have identified that Augmented Reality (AR) plays a major role in improving Emergency
Medical Services (EMS) in India. In particular, AR technology is viewed as a game-changing instrument
that can empower paramedics by giving them life-saving advice in real time during stressful and urgent
situations. By overlaying critical medical information, procedural steps, and diagnostic guidance directly
into the paramedics’ field of vision via smart glasses or mobile devices, augmented reality (AR) can help in
emergency situations where every second counts. This hands-free access to professional knowledge closes
the skill gap in under-resourced or distant places while simultaneously increasing the accuracy of medical
procedures performed on-site. Das, A., & Roy, P. (2019) they have studied closely at how Augmented
Reality (AR) might improve telemedicine services, especially in India’s rural and isolated areas where it
is still very difficult to get high-quality medical care. The study emphasizes how AR technology, which
provides more immersive and engaging communication, can help close the gap between rural healthcare
demands and metropolitan medical expertise. In particular, augmented reality (AR) boosts diagnosis
and treatment planning accuracy by allowing physicians to present three-dimensional (3D) medical
pictures during virtual consultations. Kapoor, A., & Jain, M. (2020) the authors studied how combining
artificial intelligence (Al) with augmented reality (AR) could revolutionize the Indian healthcare system.
Their research highlights how this combination might greatly improve clinical judgment and medical
diagnostics. By superimposing digital data on the physical world, augmented reality enables medical
practitioners to see intricate anatomical features and perform real-time surgical simulations. By spotting
minute trends that conventional techniques might miss, artificial intelligence (AI) might help with early
disease diagnosis. Examples of these Al capabilities include machine learning algorithms and predictive
analytics. By helping surgeons and doctors with real-time guidance and error reduction, this fusion also
helps to increase treatment accuracy.

In their work Kumar, R., & Patel, S. (2021) studied how Augmented Reality (AR) might be used as a
cutting-edge tool to improve patient involvement in the Indian healthcare system. The study showed how
AR can be a useful tool for visualizing and simplifying complicated medical information so that patients
can better understand and access it. Through augmented reality (AR), patients can better comprehend
their diagnoses, available treatments, and physiological problems by superimposing digital images over
real-world settings. In addition to lowering confusion and anxiety, this participatory approach gives
patients the power to make knowledgeable decisions about their health. Mishra, A., & Gupta, P. (2023)
the researchers conducted an extensive study of the revolutionary effects of Augmented Reality (AR) on
India’s healthcare system. Three crucial areas were the main focus of their research: surgical techniques,
patient education, and medical training. By mimicking real-life medical situations, augmented reality
(AR) has made medical education more engaging and dynamic for professionals and students. This has
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greatly improved our comprehension of intricate clinical processes and anatomical structures. Nair, V.,
& Bhaskar, R. (2017) the researchers have thoroughly investigated how Augmented Reality (AR) is
being used in Indian dental clinics, emphasizing how revolutionary it may be in contemporary dentistry.
Their study concentrated on ways to improve accuracy and efficiency by incorporating AR technology
into standard clinical processes. AR greatly helps dentists visualize three-dimensional (3D) models of
patients’ oral anatomy, such as teeth, jawbones, and surrounding tissues, according to the study’s findings.
More precise diagnosis and better planning for intricate operations like oral surgery and dental implant
installation are made possible by this sophisticated imaging. Sethi, G., & Singh, P. (2022) they have
studied the integration of AR into physiotherapy and rehabilitation centers across India. The findings
suggested that AR enables patients to interact with virtual environments, promoting faster recovery and
improving motivation during rehabilitation. Sharma, K., & Verma, S. (2022) they have mentioned the
effectiveness of AR-based simulations for medical education in India. Their research revealed that AR
enhances the quality of learning for medical students, allowing them to visualize complex surgeries,
study anatomy, and practice procedures in a risk-free environment.

ADOPTED METHODOLOGY

The work entitled ‘The Impact of Augmented Reality in the Digital Healthcare System’ is an
interdisciplinary study, where Augmented Reality (AR) is given central focus in terms of its evolution,
conceptual framework, major characteristics, and practical implementations. The study explores how
AR technology is transforming healthcare delivery and patient engagement through immersive, real-time
interactive tools. To conduct this study, a wide range of literature has been reviewed, encompassing both
primary and secondary sources. Relevant data collected from journals, articles, case studies, and technical
reports have been systematically analyzed.

INTEGRATION OF AUGMENTED REALITY IN INDIAN HEALTHCARE
SYSTEM

The healthcare industry in India is expected to grow at a faster rate than the tourism sector. India has
become one of the most preferred destinations for the production of medicines and healthcare services.
Chronic diseases, excessive alcohol consumption, smoking, poor diet, and physical inactivity have steadily
increased the need for healthcare systems. However, in India, the vision tests needed to diagnose diseases
are extremely limited and require some form of additional support. One way to effectively improve the
implementation of visual testing and augment the whole process with additional steps for treatment is
to use augmented reality. The integration of state-of-the-art technology into healthcare would have a
massive effect on the depth of the knowledge that already exists. The current process involves the doctor
taking standard vision tests and using the results to diagnose. However, there may be better diagnosis
and visualization of the results and possibly additional information from the patient. After the doctor
has ordered treatments, they may be able to augment the view of what the treatment would expect. By
finding out what could happen, the patient is even more prepared and can ask questions that the doctor
can respond to. This will also boost the patient-physician balance®.

Challenges and Opportunities

The healthcare system in any country is one of the backbones that decides its human development index
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and, hence, is very crucial to attend to the challenges that the healthcare system faces. This is even more
applicable for a country like India with a population of more than a billion people. With the advancements
of modern science and technology, the newer platforms of augmented reality and virtual reality can be
used successfully in curing, training the workforce, and rehabilitation in various medical disorders. The
technology can be of great help in training, especially in medical colleges, as a practically implemented
curriculum®, The very realistic approach helps in understanding the human body and various diseases
in a much better way. Stroke and traumatic brain injury patients also seem to benefit from this kind of
therapeutic approach.

The use of AR technology for first aid will also play an important role in achieving a good outcome
for emergency situations. The four most important components in achieving a good outcome include
recognizing the symptoms, assessing the injury, starting cardiopulmonary resuscitation, and calling for
assistance. With the usage of AR technology, bystanders may help each other to understand the symptoms
and responses to start first aid. Especially in rural Indian setups, where health infrastructure is very
weak and it may be even difficult to find the nearest hospital, the use of AR technology in handling such
emergency situations may be even more necessary. With the tremendous development in the field of
wearable technology, the use of AR to monitor the real-time health data of the patients is also possible.
The professionals can quickly diagnose or treat the patient with the real-time health data. Due to this,
anyone can live an independent lifestyle with AR. Overall, AR technology has the capacity to transform
how we visualize and interact with medical information, as well as improve our approach to education,
training, simulation, and physical rehabilitation!*!,

BENEFITS OF USING AUGMENTED REALITY IN HEALTHCARE

First, it offers portability. Most of the AR-based apps are designed to be a mobile solution. These apps
are lightweight, easy to install, connect to the internet, and don’t rely on bulky hardware. Second, it
offers convenience because AR can be a quicker approach to examining data. Such examination tends
to shorten the visits of a patient to the hospital. It also helps the first responder transmit a patient’s image
for diagnosis and other data to the doctor despite being miles away. Third, it affords better results. Both
surgeons and students, via the use of AR, can improve their ability to recall how to perform a procedure,
reduce operating time, and provide greater precision. It also offers constant, real-time guidance to avoid
any errors. As a result, the rate of complications can be significantly decreased. The AR-based technology
continues to show promise, not only in improving patient care but also in education, which results in more
qualified doctors and first responders!'”. Moreover, the widespread use of AR-equipped apps in healthcare
can even help reduce operating costs in hospitals, as the tools and software could replace certain expensive
medical equipment. With an increase in IoT healthcare products and other startups, people will have better
access to healthcare in an emergency. The road that still lies ahead calls for improved safety standards,
better access, and the incorporation of AR within hospital architecture to support the adoption of AR for
the betterment of healthcare. Fig. 1 shows how medical fields are benefited from Virtual Reality (VR).

Applications of Augmented Reality in Healthcare

(a) Surgical Assistance

One of the most promising applications of AR in healthcare is in surgical planning and assistance. Surgeons
can use AR to visualize a patient’s anatomy in three dimensions, allowing them to plan procedures with

Print ISSN : 2348-7437 149 Online ISSN : 2454-9533



INFORMATION SCIENCE AND TECHNOLOGY Ban dyop adhyay etal.

FOUNDATION

higher precision. AR overlays real-time data, such as vital signs and internal organ models, directly onto
the patient’s body during surgery, providing crucial information without breaking the surgeon’s focus!®.

For example, in India, several medical institutions have started incorporating AR into neurosurgery and
orthopedic procedures. This approach reduces the margin for error and improves patient safety.

e 1
Reduce surgical Reduced errors Reduce
time training cost
\ ——
D ——
4 Y Increase
Improved
—_— confidence
L ) Virtual reality
benefits in —
( ) medical field Store patient
Improve . .
- data digitally
communication
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entertain the patient patient
patient ~—

Fig. 1: The Benefits of Virtual Reality in Medical Fields

(b) Medical Training and Education

Medical students in India can benefit from AR-enhanced training programs, which allow for interactive
learning environments. AR-based simulations help students practice complex surgical procedures without
risk to real patients. Detailed 3D models of organs and systems provide a more immersive learning
experience compared to traditional textbooks or 2D images®!.

AR also enables remote learning, a significant advantage in a country where medical education
infrastructure is unevenly distributed. Through AR applications, students in rural areas can access high-
quality education resources, bridging the gap between urban and rural healthcare training.

(c) Patient Education

AR helps patients understand their medical conditions and treatment options more clearly. By visualizing
complex medical information, such as the progress of a disease or the effects of a proposed treatment,
patients can make more informed decisions about their health. In India, where medical literacy varies
greatly, AR could play a crucial role in patient education and awareness, particularly in rural communities!?'.

(d) Diagnostics and Imaging

AR applications in diagnostics enhance medical imaging technologies such as MRI and CT scans. By
overlaying these scans onto the patient’s body, doctors can visualize the location and extent of diseases
or injuries in real-time. This is especially useful in oncology and orthopedics, where precision is key for
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effective treatment. Several hospitals in India are exploring AR-based diagnostic tools to improve the
speed and accuracy of diagnosis, particularly in complex cases that require detailed internal imaging.
Fig. 2 shows the various applications of Augmented Reality (AR) in Healthcare sector!™.

MEDICAL
TRAINING &
EDUCATION

PHARMA
MARKETING &
ADVERTISING

SURGICAL
PLANNING &
PROCEDURES

KEY AR
APPLICATIONS
IN HEALTHCARE

PROSTHETICS
& ORTHOTICS

MEDICAL
VISUALIZATION

DIAGNOSTIC
PROCEDURES

Fig. 2: Application of Augmented Reality in Healthcare

1. Year-wise Implementation of AR in Digital Healthcare System in India

With progress in digital programs and medical technology, the usage of Augmented Reality (AR) in
India’s digital healthcare system has been gradually increasing since 20151, The country’s usage of AR
in diagnosis, medical education, and patient care is growing every year by year —

2015

O Initial Exploration: Early discussions and explorations of AR technology began in Indian
medical institutions, primarily focusing on its potential for enhancing medical education. Initial
AR applications included basic anatomy visualizations using smartphone-based AR apps.

2016

O Medical Training Innovations: Institutions like All India Institute of Medical Sciences (AIIMS)
started experimenting with AR for medical training, utilizing AR applications to visualize human
anatomy and improve surgical education.

2017

O Patient Education: Healthcare providers began using AR to educate patients about their medical
conditions. AR applications provided 3D visualizations of diseases and treatment procedures,
improving patient understanding and engagement.

2018

O Surgical Applications: Indian hospitals, including Apollo Hospitals, began integrating AR into
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2019

2020

2021

2022

2023

surgical procedures. Surgeons used AR overlays to enhance precision in surgeries, leading to
improved outcomes in complex operations like orthopedic surgeries™.

Augmented Reality in Medical Imaging: AR applications were introduced to enhance medical
imaging diagnostics, allowing radiologists to overlay imaging data onto patients for better
visualization during consultations.

Development of AR Tools: Companies like AccuVein entered the Indian market, providing AR
tools for vein visualization, improving the accuracy of venipuncture, especially in difficult cases
like pediatrics and geriatrics.

AR in Rehabilitation: Rehabilitation centers began exploring AR for physical therapy, using AR
apps to guide patients through exercises, ensuring they performed movements correctly.

Telemedicine Growth: The COVID-19 pandemic accelerated the adoption of telemedicine and
AR in remote consultations. Hospitals leveraged AR to facilitate remote guidance during surgeries
and procedures.

Educational Platforms: AR-based educational platforms were developed, enabling medical
students to access immersive learning experiences, enhancing their understanding of complex
medical concepts.

Innovations in AR Training: Medical colleges across India started adopting AR technologies for
training medical professionals. AR simulations became integral in teaching surgical techniques,
allowing students to practice in a risk-free environment.

Government Initiatives: The Indian government launched initiatives to promote digital health
technologies, including AR, through the National Digital Health Mission (NDHM). This initiative
encouraged the integration of AR in public health programs.

Research and Development: Several studies were conducted to explore the efficacy of AR in
improving patient outcomes and educational experiences in healthcare. Institutions focused on
refining AR technologies for specific applications in medicine.

AR for Chronic Disease Management: AR applications began to be used for chronic disease
management, enabling patients to visualize their treatment plans and adherence schedules.

Mainstream Adoption: AR technology in healthcare became more mainstream, with a variety of
AR applications being used across urban and rural hospitals. Hospitals utilized AR for patient
education, surgical assistance, and diagnostic imaging.
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O Integration with Al and IoT: The integration of AR with Artificial Intelligence (AI) and Internet
of Things (IoT) technologies started to emerge, providing real-time data visualization for healthcare
providers and enhancing remote monitoring of patients.

O Cultural and Market Expansion: The cultural acceptance of AR in India’s healthcare system
continued to grow, with AR applications being developed for various specialties, including
cardiology, orthopedics, and rehabilitation.

Future Trends (2024 and Beyond)

O Wider Accessibility: As AR technology becomes more affordable and accessible, its applications
are expected to expand into more remote and underserved areas of India, improving healthcare
delivery across the country.

O Enhanced User Experience: Future AR applications will likely focus on user experience, making
interfaces more intuitive for healthcare providers and patients alike, facilitating easier adoption
and integration.

O Regulatory Framework: The establishment of clear regulations regarding the use of AR in
healthcare is anticipated, which will further encourage innovation and investment in this technology.

O Personalized Healthcare: Future developments may see AR being used for personalized patient
care, allowing for tailored treatment plans based on individual patient data visualized through AR,

2. Future Trends and Innovations

With advances in science and technology, new trends and innovations have emerged that could be potential
tools to resolve various issues related to healthcare. Due to the advantages and increasing applications
of AR, it can be considered a vital source of digital change in healthcare systems. Healthcare industries
and allied sectors can use these technologically advanced AR applications to improve the efficiency of
healthcare facilities for the betterment of their patients!”). The emerging healthcare trends can help people
feel optimistic regarding their assistance in furthering the use of technologies to better our health and
healthcare.

Trends to keep an eye on in digital healthcare include AR, which mirrors the influences of the related
sectors. The advantages of integrating AR with the digital healthcare system involve dynamic visualization
and virtual life-size models alongside virtual reality, which can probably improve diagnostic accuracy while
maintaining the connection with the real world in diagnosing and treating various diseases and traumal®.,
The usage of AR has been evolving progressively in the healthcare field and is providing promising
outcomes with better patient results. However, the application of AR in the healthcare system is still in
its initial phase. It needs more enhancement in terms of user advancement and the next generation of
hardware in order to set up a fully integrated treatment of AR support along the entire malignant pathway.

CONCLUSION

In conclusion, the integration of augmented reality (AR) in the digital healthcare system in India holds
immense potential to transform patient care, medical training, diagnostics, and surgical procedures. As
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evidenced by the literature, AR has already demonstrated significant benefits, such as enhancing the
precision of surgeries, improving diagnostics, and providing immersive medical education experiences.
AR also offers promising solutions for addressing healthcare disparities, particularly in rural areas, by
facilitating remote consultations and real-time monitoring. However, the widespread adoption of AR in
India’s healthcare system faces several challenges, including high costs, infrastructural limitations, and a
lack of technical expertise. Furthermore, issues related to regulatory frameworks, patient privacy, and data
security remain pressing concerns that need to be addressed to ensure safe and effective implementation.
To fully harness the potential of AR in healthcare, it is imperative for India to invest in infrastructure,
training, and awareness programs. Collaborative efforts between the government, healthcare providers,
and technology innovators will be essential in creating an ecosystem where AR can thrive and enhance
the quality and accessibility of healthcare across the country.
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