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ABSTRACT: This research explains the use of augmented reality (AR) and Virtual Reality (VR) in medicine. The main
concern of this paper is as technology advances mobile device usage has been in gradually increased AR and VR for
example it has been used in medical fields like medical education and training, surgical simulation, psychotherapy, and
telemedicine as a result of this technology the traditional medical care and malpractice caused by AR and VR have
reduced education. AR and VR technology have created a new opportunity in medical patients as user applications that
have helped medical students through virtual operations and functions for better understanding. At the medical level
consumer-level, virtual and augmented reality systems help customers adapt and interact through AR and VR
applications. It provides a conceptual framework for viewing and experiencing reality.
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I. INTRODUCTION

Augmented Reality (AR) and Virtual Reality (VR) have changed many fields, including medicine. These technologies
create special experiences by adding digital information to the real world (AR) or making completely new virtual worlds
(VR). With better hardware and software, AR and VR are now used in medical education, surgeries, rehabilitation, and
mental health treatments, offering new ways to improve patient care and medical practice. [1] Using AR and VR in
medicine has many benefits, like making surgeries more accurate, giving medical professionals better training, and
making patients more involved. These technologies allow for real-time practice, which is very helpful for medical
training, letting professionals gain experience without putting patients at risk. Also, AR and VR are now used as tools to
help with pain, anxiety, and cognitive issues. [2].

II. LITERATURE REVIEW

* Jones et al., 2022 ,Augmented Reality (AR) and Virtual Reality (VR) have changed medical education by offering
interactive learning spaces that mimic real medical situations. A study in 2021 by Smith and others found that VR
simulations greatly help medical students improve their skills in difficult surgeries. This technology gives a safe and
controlled place to practice, letting students perfect their This thesis [12]

* Davis et al., 2021 Augmented Reality (AR) and Virtual Reality (VR) are very important in teaching patients about their
health and treatments. A study in 2022 by Roberts and others showed that VR tools helped patients understand surgery
better, which made them more informed before agreeing to the procedure. AR is also used to show patients how their
treatment is going in real-time, making them more involved and likely to follow their doctor’s advice
« Singh et al., 2022 , Even though AR and VR have potential in medical uses, they have some problems. One big issue is
that the equipment and software are very expensive, which makes it hard for many places, especially those with fewer
resources, to use them. A study in 2021 by Williams and others showed that we need cheaper ways to make AR and VR
more available to hospitals. Also, there are big worries about keeping patient data private and safe when using these
technologies, as they often involve sharing sensitive information
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* Buchanan at 2021 Investigating VR integration in anatomy education. It shows that VR-based surgery improves student
engagement and learning retention compared to traditional methods.

* Liu and colleagues at 2022 showed that AR-based learning modules help students in surgical training by visualizing
complex anatomy in 3D, thereby improving spatial understanding.

* Feng et al (2020) used AR for preoperative planning. It allows surgeons to visualize a patient’s anatomy in 3D before
performing surgery. Improve surgical results.

* Park and others. (2022) report on the use of VR in neurosurgery planning. Use VR to simulate minimally invasive
surgery.

* Meyer and colleagues (2020) showed how AR improves patients’ understanding of complex medical procedures. By
reducing anxiety before surgery. AR and VR are also being used to enhance patient education by providing interactive
visualizations of medical conditions and procedures

* Garcia and colleagues (2021) recommended VR as a distraction technique for children undergoing painful procedures
* Buchanan at 2021 Investigating VR integration in anatomy education. It shows that VR-based surgery improves student
engagement and learning retention compared to traditional methods.

* Rodriguez et al (2022) investigated the use of VR in a combustion chamber. Where an immersive VR experience helps
relieve pain during dressing changes and wound care. VR is especially useful in pain management during medical
procedures and post-surgery recovery.

* Rahman et al (2020) discuss the integration of AR with telemedicine. It allows doctors to remotely recommend tests
and diagnose patients in real time.

* Smith and colleagues (2023) launched a VR-based surgery platform where surgeons can collaborate in a virtual space
to perform remote surgery. Especially in rural and disadvantaged abilities before treating actual patients. Also, AR
improves learning by putting anatomical details on physical models, which helps with learning anatomy [6].

* 2022, Garcia et al .In surgery, AR and VR are very important for planning before an operation and guiding during the
operation. A study in 2021 by Miller and others showed that AR, using special glasses, helps surgeons see bones and
joints clearly during orthopedic surgeries, which can reduce the need for more invasive methods. VR has also been used
to plan neurosurgery, as a 2022 study found. This study showed that VR simulations let surgeons practice difficult
procedures, making them more accurate and improving the results of the surgeries. [7].

» Wang et al., 2021. Augmented Reality (AR) and Virtual Reality (VR) are being used more and more in rehab, helping
patients with interactive exercises that improve their movement. A study in 2023 by Lee and others looked at using VR
for stroke rehab and found that patients who did VR therapy got better at moving than those who used regular methods.
AR is also being used to make special rehab plans, where real-time advice makes the exercises work better
» Wang et al., 2021. Augmented Reality (AR) and Virtual Reality (VR) are being used more and more in rehab, helping
patients with interactive exercises that improve their movement. A study in 2023 by Lee and others looked at using VR
for stroke rehab and found that patients who did VR therapy got better at moving than those who used regular methods.
AR is also being used to make special rehab plans, where real-time advice makes the exercises work better [10].

* Harris et al., 2023 ,As telemedicine becomes more common, AR and VR technologies are being used to help with
remote doctor visits and surgeries. A study in 2021 by Patel and colleagues showed that AR-assisted telemedicine lets
specialists guide general doctors during difficult procedures, which helps patients get better. VR is also being tested for
remote surgery, where surgeons can perform operations on patients from far away using VR-controlled robotic
systems[11]. Harris et al., 2023 ,As telemedicine becomes more common, AR and VR technologies are being used to
help with remote doctor visits and surgeries. A study in 2021 by Patel and colleagues showed that AR-assisted
telemedicine lets specialists guide general doctors during difficult procedures, which helps patients get better. VR is also
being tested for remote surgery, where surgeons can perform operations on patients from far away using VR-controlled
robotic systems [11].

II1. USAGE STATISTICS

According to survey, we got some responses from doctors from various hospitals. Ac-cording to responses only 16.7
percent of people have implemented and experienced these augmented reality and virtual reality tools. Others 83.3percent
have not experienced this. By this we get to know that still this technology has not been reached all over India. This is
because of the high cost, lack of technical expertise, lack of understanding, and use of these emerging technologies. As
the scientific network maintains to recognize the trans-formative capability of AR and VR, addressing those limitations
will be vital for wider implementation and maximizing the impact of this revolutionary technology on affected person
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care and clinical schooling. Augmented Reality and Virtual Reality have been picking pace in the last decade in the sector
of healthcare, and therefore transformed the way healthcare is provided, and the way professionals undergo medical
training. These technologies apply across all specialties, though with different rates of adoption concern-ing application.
Going by 2023, the estimated market size of AR and VR in healthcare was pegged at 2.4 billion. A CAGR of more than
25 percent is projected for this period of five years ahead. Its main drivers remain enhanced medical training and patient
care, and most importantly, improvements in surgical precision

There is an evident use of AR and VR in medical education and training, and these applications occupy nearly 40 percent
of their uses in the healthcare sector. Various trained medical professionals, including surgeons, practice complex
surgeries through the medium of VR simulations in controlled and risk- free environment. AR overlays provide real-time
interactive guidelines at the time of actual surgeries with more vivid visualization of anatomical structures. These
technologies allow surgeons to better practice and prepare themselves for surgery, thereby reducing operative time by
15-30 percent in some cases. It is most important in the high-risk surgeries where precision is all the difference that
matters. VR-based training has been found to retain procedural knowledge in the surgical mind as much as up to 80
percent more than in the case of other methods of traditional training.

The other area where AR and VR are making massive impacts is in patient care, about 25 percent of the utilization. For
instance, in pain management, there has been use of VR to act as a distraction during some procedures or treatment of
chronic pain. This has been proven to reduce the perception of pain by half, thus providing an avenue for giving a non-
pharmacological pain relief option. This has especially been helpful in pediatric care and in burn treatments where the
objective is to decrease the use of painkillers as much as possible. AR is being used to augment rehabilitation programs.
For instance, an AR-guided physiotherapy can give the patient in real-time feedback about his movement such that they
achieve the proper form that can be achieved by them and lessened recovery time up to 30
Telemedicine has increased the use of VR for virtual consultations and remote diagnoses up to 15 percent of AR and VR
applications in health. In a 3D environment, a doctor can check patients remotely, especially in rural and underserved
communities, and in some areas, the diagnostic accuracy has increased up to 20 percent. This is attributed to the
immersive environment providing more detail than other traditional telemedicine tools. In addition, AR and VR are also
used in treatments in cases of mental health disorders, estimating around 10 percent. VR exposure therapy is also highly
prescribed in dealing with phobias, anxiety, or PTSD. Studies prove that VR can decrease the symptoms of PTSD by as
much as 70

Dot Chart: AR/VR Applications in Healthcare (2023)
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Figure 1: Statistics of AR and VR in Medical
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Finally, the residual 10 percent of AR and VR application in healthcare includes items like medical appliance design,
anatomical visualization for patient education, and enhancement of medical research through data simulation and
modeling. As these technologies become advanced, the application percentages of both of these in these fields will look
even more promising due to growing accessibility of AR and VR devices along with broad expansion in medical
applications.

IV. FINDINGS

A look at recent research shows that AR and VR have greatly helped in many parts of medicine, from teaching and
training to helping patients and making them feel more involved. These technologies are especially good at creating
realistic experiences that make medical work and patient care better. Studies from 2021 to 2023 show that more people
are interested in these technologies and think they could change medicine a lot.

Another important point is how AR and VR can improve surgery results and recovery. Being able to practice surgeries
and create special recovery plans has been shown to make medical procedures more accurate and treatments more
effective. The evaluate of modern studies famous that AR and VR technologies have made enormous strides in improving
clinical schooling, especially in surgical education and anatomy visualization. Studies continually show that these
technology enhance learning consequences via presenting interactive, arms- on reports in a controlled, chance-unfastened
environment. AR has been mainly effective in surgery, imparting surgeon’s real- time information and stepped forward
precision Patient care has also benefited from that immersive technology. VR, specially, has tested to be a powerful
device in rehabilitation, pain control, and intellectual fitness remedies.

The ability to create tailored virtual environments has allowed healthcare vendors to provide extra personalized
treatments, main to advanced patient pride and outcomes.

However, the adoption of AR and VR in healthcare is not without its demanding situations. The excessive cost of those
technologies stays an enormous obstacle, as many healthcare carriers conflict to come up with the money for the essential
gadget and training. Additionally, technical limitations such as latency and movement illness in VR environments keep
to avert their broader use, specifically in longer or greater extensive scientific applications. Between 2020 and 2023,
augmented reality and virtual reality expanded significantly in the medical world, particularly amidst technological
advancements and easy access. Several researches highlighted that some sectors are actually making significant progress
by using AR and VR impacts.

From a medical education perspective, AR and VR have played an essential role in ensuring an enhancement of learning
experiences interactive simulations of human professionals.

anatomy, surgical procedures, or even patient inter- actions. In 2022, a study proved that students who completed anatomy
training through a VR program were able to retain 30 percent more information than they would have in a traditional
training setting. VR-based tools, such as virtual cadavers,” allow for extensive visual representations in 3D, meaning
students can practice multiple times without the constraints of physical specimens.

Surgeons view actual anatomical There is surgical training and preparation too.

structures through AR over-lays during surgeries which reduces the complication risks as a result of complicated
operations. For example, according to a 2021 study, it was found that the use of the AR-assisted surgeries had reduced
certain operation time for particular operations to as little as 20 percent in certain cases such as orthopedic as well as
neurosurgeries. This inclusion has improved accuracy while at the same time providing better results for patients. There
has also been the use of AR and VR in pain management and rehabilitation. VRET is effective in the treatment of chronic
pain, anxiety, and PTSD since it allows the patient to be submerged within controlled therapeutic surroundings. According
to a study conducted in 2023 on patients with chronic pain conditions, there was a discovered 40 percent reduction in
their pain perception after undergoing VRET. That is, from 2020 to the present, AR and VR have expanded their roles in
medical education in students, surgical planning, and therapeutic interventions; in reality, they have changed the ways
professionals in medicine train, plan, and treat patients.
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The loss of standardized hints for incorporating AR and VR into scientific exercise additionally poses a challenge. While
research demonstrates the advantages of those technologies, there may be nevertheless a need for greater complete
protocols that may be without difficulty included into current scientific workflows. Ethical concerns, especially regarding
affected person privacy, additionally want to be addressed as AR and VR preserve to expand in healthcare. Ensuring
information security and maintaining affected person confidentiality can be crucial to the extensive attractiveness of those
technology, AR and VR are also becoming useful tools for mental health and pain control, providing ways to treat these
issues without needing drugs or invasive methods. .

V. FUTURE IMPROVEMENTS

AR and VR have shown great promise in the medical field, but there’s still a lot of room for improvement and new ideas.
Future studies should work on solving current problems, like the expensive equipment and the need for more tests to
prove how well these technologies work. Also, making AR and VR systems cheaper and easier to use could help them
become more common in healthcare. AR and VR have to focus on addressing the cost obstacles associated with AR and
VR in healthcare. Developing more inexpensive hardware answers and exploring fee-effective software program
platforms may be essential in making those technologies greater handy to a much wider range of healthcare companies.

There is likewise a want for improved VR hardware to mitigate troubles such as motion illness and latency. Advancements
in these regions will enhance the person enjoy and allow longer, more complex packages of VR in scientific education
and patient care. Collaboration between healthcare specialists and tech developers may want to boost up those
improvements.

Standardizing protocols for using AR and VR in medicine is some other area wherein future work is needed. Creating
comprehensive hints for the mixing of these technologies into clinical curricula and medical practice will help streamline
their adoption and make certain constant, splendid care across institutions.

Between 2020 and 2023, progress in Augmented Reality (AR) and Virtual Reality (VR) technology in medicine exploded,
but there are many areas for potential change still available. First, the realism and accuracy of the AR and VR systems
could be enhanced for simulation. Today, the technology offers valuable training environments, but the addition of haptic
feedback, real-time patient data, and Al-based simulations would likely lift the fidelity of the virtual surgical and
diagnostic environments to real life. This improved fidelity would generate better prepared professionals and better
remote diagnosis and treatment.

Second, AR and VR technologies have not been widely used because of the cost of VR and AR software and hardware.
The AR and VR objects would need to be developed to be less expensive, but high-quality. This would allow many more
medical professionals and institutions especially in under-resourced areas to experience advanced medical simulations
and telemedicine applications.

Third, patient engagement in their rehabilitation might benefit greatly from AR and VR implementation. AR and VR
applications could be designed to solicit patient engagement in exercises, but more could be done in the future to
personalize the experience for individuals based on their needs, injury, or condition. With the support the addition of Al,
AR and VR systems could make real-time changes to rehabilitation scenarios or therapy sessions, and provide real-time,
personalized, and dynamic rehab and mental health feedback, improving experiences and outcomes.

Finally, security and privacy are a considerable concern. Since AR and VR require sensitive data and medical information
to properly simulate a treatment or surgical interaction, assured encryption, anonymization, and secure cloud- based
platforms will be an important advancement, all the while assuring patient safety and anonymity. These future
improvements will be imperative for AR and VR technologies to become a frequent component of the medical ecosystem.

Finally, further research is essential to deal with the moral and privateness worries associated with AR and VR in health-
care. Developing robust facts protection measures
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And ethical pointers may be important as those technology end up greater extensively used in telemedicine, far flung
consultations, and different areas of patient care.

In the end, AR and VR are changing medicine by offering new ways to improve medical training, patient results, and
treatment methods. As the technology keeps getting better, its uses in healthcare will probably grow, giving us even more
chances to make patient care better.

VI. CONCLUSION

The applications of AR and VR in remedy provide incredible capability for transforming affected person care, medical
education, and surgical practices. These technology provide immersive, interactive reviews that beautify studying,
enhance precision in surgical procedures, and provide personalized remedy alternatives for patients. From rehabilitation
remedy to mental health care, AR and VR are proving to be treasured tools in promoting quicker restoration and better
patient consequences.

However, from 2020 to 2023, the growth of AR and VR within healthcare has been it is transforming medical education,
surgical training, diagnostics, and substantial.

patient rehabilitation by introducing application use in the medical world. In medical education, AR and VR provide an
immersive learning environment that helps in student understanding complex anatomical structures; it presents real-time,
interactive simulations. It would let the students do practices in a risk- free space, instead of cadaver-based learning and
would allow hands-on practice with greater accuracy.

In the operating room, both technologies advance in pre- operative planning and in operative navigation. Surgeons can
now overlay AR during surgeries and thus visualize the internal structures such as blood vessels and bones, thus
decreasing complications in the procedures and increasing the level of accuracy. VR is highly used during surgical
rehearsals that allow surgeons to conduct and perfect some very complex surgeries even before applying them to patients.
VR is also found to be of high value in the rehabilitation of patients, particularly in regaining lost motor abilities and
cognitive therapy. These offer the patients controlled and interactive settings where they can carry out their exercises and
regain their wiped out abilities.

These technologies have also significantly aided mental health treatments, including exposure therapy for anxiety, PTSD,
and phobias, from 2020 to 2023. VR environments have given the patients controlled settings to interact with fears in a
safe and controlled environment. ”Research from these years suggests growing evidence that AR and VR can augment
patient outcomes, train healthcare professionals better, and optimize the precision of procedures.”. These technologies
will only increase their use in care delivery, decrease costs, increase accessibility, and improve the patient experience.
The future for AR and VR in medicine is bright because subsequent innovation will undoubtedly expand their scope of
application and impact on healthcare.

However, challenges which include excessive costs, technical limitations, and privateness worries remain great obstacles
to the vast adoption of those technology in healthcare. Ad- dressing these demanding situations would require continued
studies, innovation, and collaboration among the scientific and tech industries.

As AR and VR continue to evolve, they’ll probably play an increasingly more crucial function in healthcare, supplying
new methods to diagnose, treat, and take care of sufferers. The future of medication can be formed by way of these

immersive technologies,

Main to more secure, more efficient, and more powerful healthcare solutions.
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