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The augmented reality, as technology applied in medicine, meets the expectations of
potential users, bringing them a lot of experience. The diversity of the use of
augmented reality applications explains the need to develop and broadly apply the new
concepts, and for this reason the authors conducted a theoretical research on the
possibilities of using the augmented reality in the sanitary field. The advantages of using
the new technologies are mentioned in the present paper, and consumer needs atre
described based on the theoretical research.
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1. Introduction

The augmented reality, as a technology applied in medicine, meets the expectations of
potential users, bringing extra experience to students at the faculties of medicine, but also helping
physicians renowned in solving complicated cases. Augmented reality applied in healthcare can be
an effective way to help patients in better understanding certain medical procedures and even
more, help patients overcome certain medical problems through non-invasive methods.

The diversity of augmented reality applications explains the need for development and
and the broad application of newly emerging concepts. Along with advances in optics,
information systems and surgical instruments, augmented reality's demand for medicine is being
studied vigorously.

Augmented reality has an important role in many medical applications, especially those
using the laparoscope, endoscope, or catheterization interventions. Surgery changes from open
procedures to minimally invasive approaches. Augmented reality technology has great potential
to support this change and is becoming more and more important. The biggest advantage is to
visualize the region/point of interest, such as tumors, blood vessels and netrves that are often
invisible or hidden to direct vision”’.

The impressive development of medical imagistics technology over the past decades has
provided for physicians a growing amount of anatomical and functional data that is patient-
specific. In addition, the increasing use of real-time non-ionizing images, especially ultrasound
and optical imaging during surgical procedures, has created the need to design and develop new
viewing and display technologies that enable physicians to make full use of rich sources
preoperative heterogeneous and intraoperative data. In the 1990s, augmented medical reality was
proposed as a paradigm that brings new perspectives of visualization and interaction”.

97 Ho-Gun Ha and Jaesung Hong, Augmented Reality in Medicine, Hanyang Med Rev, 2016 Nov, 36(4), pp.242-247
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2. The need for augmented reality in medicine

One of the greatest benefits of augmented reality is the ability to demonstrate and
clearly visualize complicated concepts. The competitive landscape between manufacturers and
suppliers of medication/medical equipment means that small benefits can bring big gains. For
sales reps competing for a physician's attention, the ability to quickly demonstrate the benefits of
a new drug through augmented reality can be extremely beneficial. For example, viewing a 3D
organ on a doctor's desk and demonstrating the effect of that medicine has a greater impact than
a simple picture. Health professionals could use scanning to see the effects of a disease in 3D to
find out how treatment works, to see potential cost savings and much more.

Healthcare centers, such as hospitals and treatment centers, have increased care due to
the prevalence of superior technologies and doctors' expertise, but now there is an increase in
circulation towards more flexible and mobile care. Why? Access to healthcare in rural areas may
have poor medical outcomes. It is often difficult for patients or caregivers to come to a
healthcare office, especially when dealing with restrictive work or child care obligations.

In response to these new needs, there has been an increasing interest and investment in
telemedicine. But technology has not made telemedicine realistic, except for diagnosing and
treating common affections. But this can change with the development of augmented reality and
virtual reality. These technologies have the potential to eliminate the boundaries that divide
offices, hospitals and homes, and to redefine how medical specialists provide healthcare to
patients with chronic conditions.

From all of the above, we can draw some economic and human needs:

- The correctness of a medical diagnosis by non-invasive or minimally invasive methods.
- Convenience of diagnosis identification.
- Accessibility of health services in rural areas.
- Prevention.
- Health education.
- Reduced costs of the diagnosis and reduced treatment costs.
- Simplified patient-physician communication.
- Professional development.
- Performance.
- Evaluation.
Since the 1990s, augmented reality-based technologies have been on the rise, identifying
more and more user needs, and trying to find the best ways to meet their needs. There is a
multitude of applications that are already being used in the developed healthcare systems around
the world, and they are both useful to doctors and patients.

Augmented and virtual reality are promising inventions with many potential
applications in the hospital environment. Studies to date demonstrate utility, but there is a bigger
need of well-controlled studies to demonstrate clinical and cost effectivenes”.

One challenge is to develop or adapt computer systems based on expert support in
order to be used by consumers. Most of these systems were originally developed to provide
advice for clinicians on diagnosis or disease management, but they also could cover certain needs
of healthcare clients. Computer-based applications are developed to help doctors integrate patient
preferences (values) with scientific evidence, patient history and local constraints. These systems
also help patients to make treatment or screening choices based on their preferences for

. 1
different outcomes'”.

99 Dascal, J. et al, Virtual Reality and Medical Inpatients: A Systematic Review of Randomized, Controlled Trials, Innov
Clin Neurosci, 2017,14(1-2), pp. 14-21.

100 Eysenbach, G. Consumer health informatics, BM] Publishing Group, 2000, pp.1713-1716, available at:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1127483 /#
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3. Discussions

Through immersive environments, clinicians are more likely to expose patients to
fearful stimuli over traditional techniques, providing greater efficacy in treatments and resulting in
significant improvements in the overall welfare of patients. In addition, the mobilization of
healthcare services for smartphones and other devices facilitates the migration of services beyond
the walls of the traditional doctot's office, in the homes and everyday life of those who need it
the most. This also implies an important intervention in the economic environment, which is
implicitly influenced by the emergence and use of new technologies.

Surgical simulators have already proved to be extremely precious in training students and
novice doctors, which demonstrates the interdisiplinarity of augmented reality in various areas -
in this case in the educational system with practical medicine application. By combining visual
simulation with haptic technology, the student or young surgeon can virtually experience all the
essential factors of a procedure that normally involves invasive techniques on a real patient or a
corpse.

Also, a very important role of augmented and virtual reality technologies is as diagnostic
mechanisms. By associating these methods with other ones such as MRI imaging, for example
physicians can clearly establish the causes of a condition without the need of invasive or
complicated procedures. These aspects reduce long-term costs and demonstrate their
effectiveness in modern healthcare systems that focus on development and innovation.

Starting from digital systems that digital design on connected mannequins and
simulated surgical devices to light carrier devices that provide medical knowledge based on vital
signs monitoring, augmented and virtual reality vary depending on where and how they are used.
In most cases, the only real limitation of augmented and virtual reality is human creativity. Any
medical scenario could be simulated for learners/students/users. Cancer patients who are
isolated during chemotherapy treatment can travel anywhere with a headset, provided that
someone can make visuals rich enough to take the patient away. These technologies can make so
much that it is essential that innovators be willing to address to healthcare systems and take
benefit of this opportunity.

The first health field that has been influenced by the augmented reality has been
medical education. Innovations in information technology, along with the low cost of hardware
and software, will refine and enhance the efficiency, expertise and competence of the medical act
in order to ensure patient comfort and an adequate and safe therapeutic approach'”".

Along with virtual reality and interactive computer-generated environments, people can
experience their problematic situations repeatedly, and learn through psychological evidence-
based treatments how to overcome the difficulties'”. Also, start-ups are currently using virtual
and augmented reality technologies in order to train employees by helping them to familiarize
with different backgrounds, in the end bringing benefits for both parties.

For both healthcare professionals and patients or other health care providers, an
important role is to ensure the availability of skills and familiarity with modern tools, as well as a
proper understanding of the context in which they interact. Cyberterapy has begun to make
progress in treating a variety of disorders. However, there is still a need for the use of these
techniques and the creation of accessible environments, the development of objective
measurement tools, the need to adapt potential side effects, and the implementation of more
controlled studies for the assessment of cyber resistance compared to therapies'”.

101 Balan, 0., Moldoveanu,A., Moldoveanu,F.,, Morar,A., Virtual Reality in healthcare - Achievements, Problems and
Trends, 2013 available at:
http://www.academia.edu/17251974/Realitatea_Virtualda_in_Medicina-Realizari_Probleme_si_Tendinte

102 Freeman, D. et al, Virtual Reality in Assessing, Understanding and Treating Mental Health Disorders, 2017,
available at:https://www.cambridge.org/core/journals/psychological-medicine/article/virtual-reality-in-the-
assessment-understanding-and-treatment-of-mental-health-disorders/A786FC699B11F6A4BB02B6F99DC20237

103 Wiederholdlan, B., Wiederhold, M., Augmenting Behavioral Healthcare: Mobilizing Services with Virtual Reality
and Augmented Reality, Digital Health, 2018, pp 123-137, disponibil la:
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One of the examples of augmented reality application in medicine refers to women's
specific medical procedures, such as gynecological interventions, which often serve as sources of
stress and anxiety for women, resulting in increased pain, decreased welfare, and decreased
likelihood of perform the necessary examinations. In particular, new technologies have emerged
as an effective tool in behavioural health, used to treat phobias, anxiety, and stress and pain
management' ™ .

In health field, augmented reality has been integrated in a series of applications.
Surgery, anatomy, education and simulation are some of these. Augmented reality applications
have been developed with varying success so far, but most agree that augmented reality will
become better and will become a part of clinical care and education in next years.

At the International Healthcare Simulation Meeting (IMSH) in Los Angeles, California
(the largest medical simulation conference) from January 2018, CAE Healthcare announced the
CAE LucinaAR release together with Microsoft HoloLens as the first birth simulator from the
wortld. It is the first augmented reality simulator for childbirth and includes both mother and fetal
physiology. The learning module provides immediate assistance and feedback to physician
movements and information about their effectiveness. It is obvious that the largest companies in
the world devote an important part of their activity to research and development of augmented
reality, which directly explains the economic implication.

Augmented reality applications, usable devices and mobile devices have shown
tremendous potential in self-monitoring, diagnosis, and patient care. Augmented reality, in real
light, offers digital images, sounds or other stimuli that give information about collected data, or
add extensive detail to reality. From contact lenses that give visual indications to diabetics when
glucose levels fluctuate dangerously to smartwatchs that use real-time communication to remind
patients to take prescription drugs when they are nearby, there are already technologies in
development that helps patients take control of their health through AR.

Augmented reality can also help healthcare providers to free themselves from fixed
technologies that limit circulation and disrupt care. Based on stationary terminals for data entry,
viewing medical records should not necessarily be a standard practice. For example, the goggles
that use augmented reality with gesture-based interfaces, display information for patients and
creates the hands-free opportunity which is extremely useful to suppliers. Given that technology,
access to data and information processing are already at a advanced level, the next step is to bring
meaningful information, even life-saving, in the attention of doctors. For example, if there is a
complicated operation, there may be very little time to check if the patient has a specific type of
allergy. So, instead of searching through documents or databases, the surgeon could see the
relevant data on his AR screen in seconds. However, not only data, but other types of medical
information, such as the location of veins or organs, could be projected into the environment,
helping physicians in their activity.

Experts say that augmented reality will transform medical care by improving precision
during operations, reducing medical errors, and also providing physicians and patients a better
understanding of complex medical issues.

An example of economic need based on augmented reality is the UK National Health
Service (the national healthcare provider in the UK) which trains thousands of nurses, doctors
and employs about 1.5 million persons every year, which makes it the most important global
employer. As a result, they are constantly looking for better ways to train their employees and
achieve better learning outcomes. One problem they identified was that some areas were
challenging for students if using conventional training methods that are both costly and time-
consuming. They needed a solution to accelerate the transfer of knowledge in key areas, reduce
costs and improve the number of people who can be exposed to training, and augmented reality
is the perfect answer to the problem.

https://link.springer.com/chapter/10.1007/978-3-319-61446-5_9
104 Vazquez, J., Vaca, V., Wiederhold, B., Miller- 1., Wiederhold, M., Virtual Reality Pain Distraction During Gynecological
Surgery—A Report of 44 Cases, 2017, pp.12-16
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The combined market of augmented and virtual reality grows exponentially, as can be
seen in the graph below:

Forecast augmented (AR) and virtual reality (VR) market size
worldwide from 2016 to 2022 (in billion U.S. dollars)

192.7

14.1 12.1

Figure 1. Market size forecast
Source: https://www.statista.com/topics/3286/augmented-reality-ar/

These data represent the image of the future, but for medicine and the healthcare
systems these are a necessity, a natural approach to responding to the needs and expectations of
the population.

Results published in 2018 by Perkins Coie International Law Firm as a result of the
research conducted among new technology experts, reveal that health is ranked No. 3 in the
interest of investment in the augmented reality interests (ranked first being gaming and ranked
the second being education). The biggest impediment identified is user experience and the costs
related to development of these tehnologies. The same study indicates that augmented reality will
lower virtual reality in less than three years, and the biggest obstacles in developing new
technologies from companies' point of view is data security and consumer privacy.

Certainly the gaming industry is vast and offering, but the satisfaction of using
augmented reality in the healthcare field is far more important, relying on the image of a healthy
population, but at the same time can lead to a reduction in the development time of new
products, and also in testing them and implementing treatments.

Even if it is not easy, the expectations of healthcare customers have to intersect with the
perceptions'”, being a field in which the psychological implication is an important one. Although
the healthcare systems provides concrete physical evidence, the real accumulated benefit by the
consumer is an intangible item.'"

4. Conclusions
Augmented reality technology needs to evolve, in order for all benefits to be tested and

approved, and doctors need to buy the concept. The hardware must fit comfortably and securely
with the practitioner's head. For some applications, the images must be as opaque as possible,

105 Mohan, K., Health Care Marketing, Discovery Publishing House, 2006, p.56

106 Kalenskaya, N. Gafurov, I, Novenkova, Marketing of educational services: Research on service providers
satisfaction, Procedia Economics and Finance 5, 2013, International Conference on Applied Economics 2013, pp.368-
376
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while others will need to be more translucent. If the projected images are used for operative
guidance, they must be positioned with extreme precision. There are a variety of technical
challenges, but none of them is unthinkable.

The needs and expectations of potential users of augmented healthcare technology are

diverse:

+ the prevention of certain diseases, which can easily be explained with the help of new
technologies, bringing to users' attention the good practices in vatious fields;

+ learning as easy as possible by combining studied theoretical concepts and practice

explained with the help of augmented reality, also benefiting from the opportunity of learning
special and very serious cases;
+ ease of decision-making, ease of communication between doctors (physicians from
different countries, facilitating remote exchanges of experience), ease of communication
between doctors and patients (facilitating access to healthcare by the population regardless of
the background);

ease of patient diagnosis by minimally invasive methods;

the behavioural change is induced by explicitly describing the reasons/benefits that
accompany the cause;

easy pre and post-consultation patient and easy treatment assessment;

development of adjacent medicine and techniques through the variety of studies and
experiments conducted, resulting in information which is available to all network users;

the interdisciplinary nature of the information that can be made available to users in
order to help the professional development.

The advantages of using augmented reality in medicine are clear and incontestable.
Worldwide, the emergence of the results of its use will not be delayed, and the desired
behavioural changes will be achieved in a much shorter time, with minimal effort on the part of
users, but with the maximum possible effect. The augmented reality is ready to anticipate
population and sanitary systems problems and also their needs in order to contribute to the
reduction of the existing gaps between the markets through the ease of use, respectively the
reduction of the inequalities between the categories of consumers, patients and users.

ottt
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