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The Viability of Mixed Reality as a Medical Tool

Virtual Reality (VR) is a computer-generated simulation where users can interact with the
environment in seemingly real and physical way. Augmented Reality (AR) superimposes a
computer-generated simulation on one’s current, physical environment. Robert Mann (1965)
proposed the first use of VR in medicine, outlining a new training environment for orthopedics.
In the 1990s, hands-on training procedures were introduced (Brooks, 1988). Recently, medical
schools have begun to use VR in their curriculum. Doctors, patients, education systems, and
corporations compete to shape the role of VR in medicine.

According to Wu et al. (2019), while AR promotes engagement, contextualization, and
authenticity in education, users can incur cognitive overload from complex tasks. Some MDs,
such as Verghese (2011), fear that VR and other high-tech medical training is displacing other
important techniques, such as shadowing and other direct experiences with real patients.
However, because AR can elicit real emotion, such as fear or sense of threat, it can be useful in
research and clinical applications (Chessa et al. 2019). There are two opposing perspectives
towards this problem: high-tech medical training can simulate experiences that would otherwise
be difficult to obtain or repeat, but reliance on these techniques can be overwhelming and divert
students from real human interaction. How are advocates and critics of high-tech medical
education techniques competing to shape their place in medicine? Medical professionals tend to
question high-tech medical treatment, concerning the extent VR/AR will go. They fear its
detriment to the quality of a patient visit. Some patients tend to be optimistic about VR, and

some share the same fears as medical professionals. Education systems and VR corporations tend



to favor it. They value its quantitative benefits to a patient, such as surgery success rates and
costs per patient. The doctor and the patient value the social implications, while education

systems and VR developers value the technical implications.

Review of Research

On the technical aspects of VR in medicine, Wu et al. (2019) found that AR promotes
engagement, contextualization, and authenticity in education, however users can incur cognitive
overload from complex tasks. Chessa et al. (2019) found that AR can elicit real emotion, such as
fear or sense of threat, which can be useful in research and clinical applications. Dyer et al.
(2018) found that VR can enhance a student’s understanding of age-related health problems and
develop empathy for adults with certain health conditions. Krishnan et al. (2017) found that the
pros of simulated medicine include immersive and experimental learning, better understanding of
abstract concepts, skill acquisition, and patient safety among others. The cons include incomplete
mimicking of human systems, defective learning, attitude of learners, cost, time, and
technical/programming difficulties among others. Even though VR education can be realistic,
users approach simulations different to real life. Such research has substantiated the basis that
VR/AR could be a powerful tool in medical education if designed carefully.

On the social aspects of VR in medicine, Sauerland et al. (1999) found that critics of
evidence-based medicine tend to claim it’s a dangerous tool because they fear it will be used
against themselves. Pensieri et al. (2014) found that there is no clear consensus on the topic “VR
in Medicine.” They found that for physicians and surgeons, the “goal of VR is the presentation of
virtual objects to all the human senses in a way identical to their natural counterpart.” For

clinical psychologists and rehabilitation specialists the goal is to “provide a new human-



computer interaction paradigm in which users are no longer simply external observers of images
on a computer screen but active participants within a computer-generated 3D virtual world.”
They also found that some patients and clinicians believe VR raises safety and ethical issues
from its common side effects. This plays a key role in understanding why doctors are divided in
how they question high-tech medicine. Ventola (2019) found that it’s unclear whether or not
patients will be accepting of VR in pharmaceutical applications. While most patients would opt
to be treated with VR again, some found the equipment confusing, uncomfortable, or difficult to
use. He also found that students and teachers may prefer a traditional instructional approach, and
that the overhead of designing lessons in VR may be too much of a burden on teachers. He
suggests that external support would be required for VR to be used in education. Janisse (2000)
outlines the idea of belief-based medicine, which strongly appeals to low-tech medicine
advocates. He found that patients and physicians tend to act on their beliefs, which may be
rooted in ancient wisdom or science. Physicians may disregard the personal or cultural beliefs of
patients as they aren’t scientifically backed or because a physician may not want to leave the

safety of their training experience.

The Patient-Facing Perspective

Medical professionals who directly interact with patients tend to question high-tech
medical treatment. The American Hospital Association values cost-effective healthcare. It argues
that “low-tech solutions can be as straightforward as building time into patient visits... 80
percent of diagnoses can be made just based on the patient story alone” (Bathija, 2019). The
Society for Science Based Medicine values the integrity of medical products and treatments. It

contends that “as a profession we struggle to integrate the human warm-and-fuzzy aspects of



medicine with the advantages that modern technology bring” (Novella, 2018). GiHealth values
patients’ control over their health. It contends “there is tremendous hope and hype around VR,
but VR cannot cure cancer and should be recognized for what it is — a single tool that, in some
people, can help relieve distress in concert with a panoply of other treatments. I have sometimes
heard that VR is “transforming” healthcare. I think that is an overstatement and we should be
careful to recognize its limitations while also acknowledging its benefits” (Spiegel, 2016). Those
who hold such views argue that VR’s place in medicine should be carefully considered.

MDs present a variety of reasons high-tech medicine can be a setback. Verghese (2011)
suggests that high-tech medicine marginalizes real patients. Milani (Hansen, 2017) argues that
“technology is an enabler towards a better patient experience and better patient engagement. ..
we’ve got to make it easier for the caregivers to give care and not give them one more step to
do.” Janisse (2000) fears that high-tech medicine will supplant procedures physicians perform
now, the abundance of patient information will make it harder for a physician to provide a
diagnosis without external confirmation, and that physicians will forget that listening carefully,
attentively, and empathetically to a patient is a key role of their profession. Snyderman (2019)
contends that “technology must be continually advanced to improve care, but should never
eliminate the compassionate bond between patients and their physician. Technologies that
replace human interactions must be carefully judged against the need for, and value of,
compassion, which provides not only deep benefit to both the patient and physician but is more
cost-effective in many situations.” Pearl (2014) sums up these perspectives by claiming new
technologies don’t address the real problems, no one wants to pay for new technologies,
physicians are reluctant to show patients their medical information, technology slows down

many physicians, and many physicians see technology as impersonal. Those who hold such



views suggest VR should be kept away from patients, that medical visits should prioritize the
doctor-patient relationship, and that technology should be considered more carefully from the

role of the doctor.

The Patient Perspective

Patients tend to be split about the use of VR in medical treatment. Veeravagu (Erickson,
2017) claims that patients have chosen Stanford over other nearby hospitals solely because of
their VR technology. He contends that it helps the patient better understand the procedure they
will undergo and puts their minds at ease. Patient Sandi Rodoni (Erickson, 2017) used VR to
review her procedure, and she states that “[she] knew that Dr. Steinberg would be able to see the
same thing [she] saw, and he wasn’t going to run into any surprises.” Guillen et al. (2018)
conducted a survey on patients’ attitudes towards VR as a treatment for stress-related disorders.
She found that they had high opinions before treatment and even higher after. Some patients
reported that they “found it easier to express emotions” or that it was a “very useful treatment”
for them. Boeldt et al. (2015) conducted a more general survey on patients’ attitude towards high
tech medicine, and found that patients are generally supportive and tend to have greater
enthusiasm compared to health care providers. Patients believed that having more access to
health care resources gave them better management over their health, in contrast to health care
providers who believed that it would lead to anxiety. Cognitant values patient education through
3D experiences. They contend that “patients tend to feel overwhelmed because there’s so much
conflicting, concerning information online ... it’s important to move away from print and to
move to online, and to use visual tactics like VR and immersive content in 2D to empower

people with any educational background to understand their health” (Kent 2019). Those who



hold such views suggest VR will put the patient at ease and give them more control over their
health.

On the contrary, there are those who find high-tech medicine as a detriment. Ernest
Quintana was a patient who found out he would soon pass away through a video stream at the
hospital. His daughter contends “it should have been human; it should have been a doctor that
came up to his bed side ... I just don’t think critically ill patients should see a screen, it should be
more human with compassion” (Jacobs, 2019). GiHealth values patients’ control over their
health. It claims that “patients still do not want to use VR in the hospital ... We approached [a
patient] with a set of goggles, explained how the VR technology might help with pain
management, and described how the experience might offer a temporary “escape” from the
hospital. She looked at us, silently and unblinkingly, as if we were dropped into her room from
another planet. She politely turned down the VR, but I could see in her eyes that our request was
simply out of place” (Spiegel, 2016). Those who hold such views suggest VR is a detriment to
the doctor-patient relationship. They also suggest that VR may be misunderstood by or be too

overwhelming for the patient.

The Educational Perspective

Medical professionals who educate aspiring doctors tend to favor high-tech methods.
Advocates of experiential learning argue VR can “guide students on a path from novice to
expert, a path that is difficult to traverse until they are faced with real-life experiences” (Drescher
et al., 2018). The Association of American Medical Colleges values health equity through
improving medical education, medical research, and patient care. It contends that if one can

“rehearse the surgery ahead of time [in VR], when [they] get there it’s not a surprise. It’s as if



[they] have been there before” (Breining, 2018). Educause values information technology in
higher education. It argues that “VR, AR and Mixed Reality are leading to innovations in the
learning environment, providing new opportunities to learn-by-doing for increased retention and
proficiency, share valuable resources globally, and offering savings in the high cost of training
and time” (Craig, 2017). To its advocates VR is the next innovation for medical training. It gives
students repeatable experiences that would otherwise be unattainable.

Some institutions, such as the University of Virginia, have already began implementing
such techniques. Dr. Ziv Haskal (Barney, Haksal 2019) argues “watching a 2-D animation,
listening to a lecture, or watching a physician on video simply fails to convey the subtleties of
the procedure ... With this approach (VR), doctors are simply going to be able to do things
better.” University of California San Francisco has taken a similar approach by offering a pilot
course in its anatomy curriculum. They contend that “virtual reality is exciting... because it is
going to help enhance the students’ understanding of the arrangement of the body. Because the
better they know the body, the better physicians they will end up being for the rest of their
careers” (Baker, Harmon, 2017). Stanford recently opened up Neurological Simulation Lab,
which allows doctors to practice upcoming surgeries. They contend “the VR system is helping
train residents, assist surgeons in planning upcoming operations and educate patients. It also
helps surgeons in the operating room, guiding them in a three-dimensional space” (Erickson,
2017). Northwestern takes a more conservative approach. They argue that “we need to better
understand the impact of [VR]. We need to engage in more scholarly activity before deploying
this just for the sake of deploying it, but we’ve got to start somewhere — it’s clearly the wave of

education in the future” (Williams, Garcia, 2018). These institutions believe that doctors will be



more capable having been trained with VR, and have began to incorporate VR in their

curriculum to reflect that.

The Corporate Perspective

Trade associations representing VR developers view it as a benefit to medicine. The
VR/AR association works closely with companies to promote medical VR for training, rehab,
and patient education. It believes VR is “helping in training, providing services, and of course,
education” (Kolo, 2018). Visualise values creating new immersive content. It contends “VR will
be used more and more to improve the accuracy and effectiveness of current [medical]
procedures, and enhance the capabilities of the human being, both as the care-giver and the
patient. Quite simply, the potential for VR in the healthcare sector is huge, limited only by the
creativity & ingenuity of those creating and applying the technology” (Engels, 2017). These
groups acknowledge the benefits of VR and seek its continued development in the medical field.

Some companies have already formed around VR medicine. Osso VR values patient
outcomes from surgeries. It claims that VR “gives users the opportunity to preview the procedure
they will be performing, without the risk of operating on an actual human patient or on a
complicated rig that requires setup and takedown just to use” (Onkka, 2018). XRHealth values
engaging methods for physical therapy. It claims that “the gamification element that VR can add
to physical therapy is a crucial feature to improve patients’ engagement and overall progress... A
strong immersive experience can stimulate the patient and accomplish the same objective as
conventional therapy, but with a simpler approach” (XRHealth 2019). These views suggest that
VR can be a profitable model in medicine. According to Delshad et al. (2018), hospitals can use

VR to cut costs, on average $5.39 per patient.



Data-driven VR developers believe VR will benefit a patient’s health. MD Connect
values data-driven healthcare services. It contends that VR can build a better doctor-patient
relationship; “many doctors try to encourage their high-functioning patients by downplaying the
severity of their symptoms compared to other cases... how would doctors know? They’ve likely
never experienced their patients’ pain themselves” (Cartley, 2017). It suggests VR will allow
doctors to better empathize with their patients’ symptoms and provide better treatment and
patient satisfaction. The International Data Corporation values engaging technology buyers with
data. It contends that “the industry and, more importantly, patients have suffered under
inconvenient access to healthcare; digital patient engagement is poised to change that by
providing healthcare consumers access to both administrative and clinical support conveniently
in a personalized and interactive dialogue when needed. IDC believes this will improve not only
the patient experience but improve patient compliance to health improvement strategies and
result in better health” (Burghard, 2018). These companies emphasize an improved patient
experience with VR, but they are truly interested in its quantitative results; patients will continue
to use their products.

Insurance corporations take a supportive stance. Aetna values affordable and accessible
health care. It argues that “the ability to access high quality health services via technology such
as VR offers a lifeline to employees in the field” (Aetna, 2018). Blue Cross Blue Shield is a
health insurance provider. It contends “virtual Care has the ability to reach so many people who
may otherwise not be able to visit a physician or counselor” (Page, 2018). The American
Telemedicine Association values accessibility and availability of healthcare. It contends that VR
and other high-tech medicine is transforming the way healthcare is delivered, with an emphasis

on accessibility, cost efficiency, quality, and consumer demand (Telehealth, 2019). These
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corporations believe VR is a benefit to medicine as it makes healthcare more accessible.
Consistent with other VR developers, their interests are in the numbers; how many more people

can be treated by VR healthcare.

Conclusion

Many doctors who interact with patients fear that VR in medicine may impair the doctor-
patient relationship they value, make it more complicated to provide a diagnosis, or replace
responsibilities of the doctor. They contend that VR substitutes artificial interactions for the
doctor-patient relationship. Patients tend to be optimistic that VR can give them more control
over their health and reduce anxiety from uncertainties in procedures they might undergo.
However, some dread the lack of empathy it may create and some find the technology confusing
or misunderstand its purpose. The doctor and the patient prioritize social implications that VR
has in medicine.

On the contrary, many medical schools and VR corporations advocate VR as an effective
method of teaching and treating a patient. Their interests are in the numbers; higher surgery
success rates, rehab effectiveness, savings per patient, and patient satisfaction among others.
Some VR corporations contend that it will actually improve the doctor-patient relationship by
teaching doctors to better empathize with their patients, or that patients will receive better care
when provided more access to their digital record. Although these contentions appeal to the
social side, the latent function is to improve the experience of the patient, which is where
hospitals and those specific corporations make their money. Medical schools and VR

corporations prioritize the technical implications that VR has in medicine.



11

References

Aetna (2018, April 9) Get real: How virtual reality is transforming international health care.
www.aetnainternational.com/en/about-us/explore/international-health-insurance/virtual-
reality-augmented-reality-access-health-care.html.

Baker, M. (2017, Sep. 18). How VR is Revolutionizing the Way Future Doctors are Learning
about Our Bodies. www.ucsf.edu/news/2017/09/408301/how-vr-revolutionizing-way-
future-doctors-are-learning-about-our-bodies.

Barney, J. (2018, March 19). Virtual Reality Puts Physicians, Trainees — Even You — Right in the
Operating Room. Retrieved from news.virginia.edu/content/virtual-reality-puts-
physicians-trainees-even-you-right-operating-room.

Bathija, P. (2019, April 30). Don’t overlook the low-tech solutions that can promote value in
your organizations. www.aha.org/news/blog/2019-04-30-dont-overlook-low-
techsolutions-can-promote-value-your-organizations.

Beqiri, G. (2018, Aug. 22). Experiential Learning with Virtual Reality. virtualspeech.com/blog/
experiential-learning-vr.

Boeldt, D. L., Wineinger, N. E., Waalen, J., Gollamudi, S., Grossberg, A., Steinhubl, S. R.,
McCollister-Slipp, A., Rogers, M. A., Silvers, C., & Topol, E. J. (2015). How Consumers
and Physicians View New Medical Technology: Comparative Survey. Journal of
Medical Internet Research, 17(9), €215. doi.org/10.2196/jmir.4456

Breining, G. (2018, Aug. 28). Future or fad? Virtual reality in medical education. www.aamc.
org/news-insights/future-or-fad-virtual-reality-medical-education.

Brooks F. P. (1988). Grasping reality through illusion: interactive graphics serving science. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI
’88). Association for Computing Machinery, New York, N.Y., pp 1-11.

Burghard, C. (2018, June). IDC Innovators: Digital Patient Engagement, 2018. www.idc.com/
getdoc.jsp.

Catley, J. (2017, Aug. 10). Building Better Doctor-Patient Relationships with Virtual Reality.
www.mdconnectinc.com/medical-marketing-insights/building-better-doctor-patient-
relationships-with-virtual-reality.

Chessa Manuela, Guido Maiello, Alessia Borsari & Peter J. Bex (2019) The Perceptual Quality
of the Oculus Rift for Immersive Virtual Reality. Human-Computer Interaction 32, pp.
51-82. Web of Science.



12

Craig, E., & Georgieva, M. (2017, Aug. 30). VR and AR: Driving a Revolution in Medical
Education & Patient Care. er.educause.edu/blogs/2017/8/vr-and-ar-driving-a-revolution-
in-medical-education-and-patient-care.

Delshad, S.D., Almario, C.V., Fuller, G., Luong, D., Spiegel, B.M. (2018) Economic Analysis of
Implementing Virtual Reality Therapy for Pain Among Hospitalized Patients. npj Digital
Medicine 1, pp 22. www.nature.com/articles/s41746-018-0026-4.

Drescher, T., Hannans, J., & Leafstedt, J. (2018, June 15). Using Immersive Reality to Enhance
Experiential Learning: The Unforgettable Experience. er.educause.edu/blogs/2018/6/
using-immersive-reality-to-enhance-experientiallearning-the-unforgettable-experience.

Dyer, E., Swartzlander, B. J., & Gugliucci, M. R. (2018). Using virtual reality in medical
education to teach empathy. Journal of the Medical Library Association: JMLA, 106(4),
498-500. National Library of Medicine.

Engels, H. (2017, Sep. 22). Virtual Reality in the Healthcare Industry. visualise.com/virtual-
reality/virtual-reality-healthcare.

Erickson, M. (2017, July 11). Virtual reality system helps surgeons, reassures patients. med.
stanford.edu/news/all-news/2017/07/virtual-reality-system-helps-surgeons-reassures-
patients.html.

Guillén V., Bafios R.M. and Botella C. (2018) Users’ Opinion about a Virtual Reality System as
an Adjunct to Psychological Treatment for Stress-Related Disorders: A Quantitative and
Qualitative Mixed-Methods Study. Frontiers in Psychology 9:1038.

Hansen, C. (2017, Nov. 2). Experts Discuss Role of Technology in Patient Experience. U.S.
News. www.usnews.com/news/healthcare-of-tomorrow/articles/2017-11-02/using-
technology-in-the-patient-experience-experts-discuss-impact-on-the-human-side-of-
health-care.

Hsin-Kai Wu, Silvia Wen-Yu Lee, Hsin-Yi Chang, Jyh-Chong Liang (2013, March). Current
Status, Opportunities and Challenges of Augmented Reality in Education. Computers and
Education 62, pp. 41-49. Web of Science.

Jacobs, J. (2019, March 9). Doctor on Video Screen Told a Man He Was Near Death, Leaving
Relatives Aghast. New York Times. www.nytimes.com/2019/03/09/science/telemedi cine-
ethical-issues.html

Janisse, Tom. (2000). High Tech—High Touch: Dilemma or Solution. Permanente Journal 4,
pp. 3-5.

Kent, C. (2019, May 20). VR in the medical field is reshaping how patients understand their
health. www.medicaldevice-network.com/features/vr-in-the-medical-field.



13

Kolo, K. (2018, May 11). VR AR in Healthcare is the Future of Care and the Future is Now.
Read about VRARA Members Leading the Way. www.thevrara.com/blog2/2018/5/
14/bjgatg3iz362ongafigk9spbu3sjgs.

Krishnan, D. G., Keloth, A.V., & Ubedulla, S. (2017). Pros and cons of simulation in medical
education: A review. International Journal of Medical and Health Research, 3(6), pp 84-
87.

Mann, R.W. (1965). The evaluation and simulation of mobility aids for the blind. American
Foundation Blind Research Bulletin 11, pp. 93-98.

Novella, S. (2018, March 28). Augmented Reality in Medicine. sciencebasedmedicine.org/
augmented-reality-in-medicine.

Onkka, K.H. (2018, July 11). Vision and purpose expands Osso VR’s surgical residency
programs. healthiar.com/vision-and-purpose-expands-osso-vrs-surgical-residency-
programs.

Page, K. (2018, June 18). Capital BlueCross Launches New Virtual Care App and Expands
Telehealth Access for Behavioral Health Services. www.bcbs.com/press-releases/capital-
bluecross-launches-new-virtual-care-app-and-expands-telehealth-access

Pearl, R. (2014, Sep. 11). 5 Things Preventing Technology Adoption in Health Care. Forbes.
www.forbes.com/sites/robertpearl/2014/09/11/5-things-preventing-technology-adoption-
in-health-care/#503433716889.

Pensieri, Claudio & Pennacchini, Maddalena. (2014, Jan.). Overview: Virtual Reality in
Medicine. Journal of Virtual Worlds Research 7, pp. 1-34.

Preece, D., Williams, S. B., Lam, R. and Weller, R., (2013, July), “Let’s Get Physical”:
Advantages of a physical model over 3D computer models and textbooks in learning
imaging anatomy. American Association of Anatomists 6, pp. 216-224. Web of Science.

Snyderman, R. (2019, March 21). Medicine’s new tools can’t replace compassion. News
Observer. www.newsobserver.com/opinion/article228257294 . html.

Spiegel, B. (2016, Aug. 15). Top 10 Lessons Learned Using VR in Hospitalized Patients.
mygi.health/blog/expert-opinions/top-10-lessons-learned-using-virtual-reality-
hospitalized-patients.

Telehealth (2019, March 29). Telehealth Basics. www.americantelemed.org/resource/why-
telemedicine.



14

Ventola C.L. (2019). Virtual Reality in Pharmacy: Opportunities for Clinical, Research, and
Educational Applications. P&T: a peer-reviewed journal for formulary management,
44(5), pp. 267-76.

Verghese, Abraham (2011, Feb. 26) Treat the Patient, Not the CT Scan. New York Times.
www.nytimes.com/2011/02/27/opinion/27verghese.html

Williams, A. (2018, Nov. 29). Incorporating Virtual Reality into Medical Education. news.fein
berg.northwestern.edu/2018/11/incorporating-virtual-reality-into-medical-education.

XRHealth (2019, Aug. 5) VRHealth: The Next Big Thing in Physical Rehabilitation. www.xr.
health/vrhealth-the-next-big-thing-in-physical-rehabilitation.



