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BACKGROUND

The development of outstanding computer science technologies such as virtual reality (VR) and
augmented reality (AR) has provided new avenues in order to challenge the functional connectivity
disruption seen in neurodegenerative diseases.

Virtually simulating the outside world with high realism, close-to-total immersion and easiness
of interaction presents an interesting way to decipher new therapeutic perspectives as a non-
invasive and non-pharmacological neuromodulation tool.

As of recently, these cutting-edge techniques already appear to be used in the treatment of some
neuropsychiatric disorders, cognitive and behavioral impairments since the patient is placed in an
environment virtually yet specifically adapted to his needs. Specific use of VR and AR becomes
interesting for both social and functional rehabilitation whether it originates from traumatic
situations and injuries or from pathologies known to show from neuromuscular disturbances to
decay. Virtual reality is already used in research in combination to rehabilitation adapted treadmills
in order to help treat children with cerebral palsy (coordination impairment, stiff andweakmuscles,
tremors, etc.) that appear in early childhood (Sloot et al., 2015; Cho et al., 2016). However, there is
still some work to be done to improve the actual research setups and the reproducibility of results.

Therefore, we will review here the innovative and emergent role of cybertherapies and focus on
the possibilities to extend its use as far as rehabilitation centers to everyday well-being.

NEUROPSYCHIATRIC PERSPECTIVES

Nowadays, virtual simulations of our world are created with high realism coupled to immersion
techniques. This appears to be a useful tool in the treatment of neuropsychiatric diseases and
behavioral disorders which might concern almost 450 million of patients worldwide. Statistically,
one out of four people has already or will develop a mental disorder during their lifetime according
to theWorldHealth Organization (WHO, 2001). And because virtual reality allows for a wide range
of applications, this cutting-edge technology could find its place as a neuromodulator to target a
panel of states from wellbeing to mental diseases and pain management.

But, due to its innovative nature, there is a strong need to enhance its development and to
standardize applications. So far, specific adaptative environments and serious games are selected
as a means to a safe and regular use in clinical medicine. It constitutes in itself a brand new
public health approach to help treating brain disorders: troubled thinking and perception disorders,
cognitive impairment, disruption of emotions, or behavioral disorders are some of the areas
targeted by this cutting-edge treatment using serious games: the patient is in a specific virtual
environment and evolves as he would in his real life. The objective is to help him face his fears
or behavioral challenge in order to improve his day-to-day life (Malbos et al., 2013; Sarver et al.,
2014; Fleming et al., 2017).
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Traditional exposure methods were found in protocols such
as gradual in vivo exposure, role-playing games and sometimes
group therapy but all eventually led to a similar limitation
due to systematic desensitization (Cottraux, 1994). Success is
often reached with difficulties because of limitations like the
lack of imagination for the patient, usually coupled to a lack
of intimacy and aversion to participate or the cost of such a
therapy. All of which don’t appear with the virtual reality, since
VR allows for a private use at a lower cost: it has to be used as
an additional technique to overcome limitations of traditional
psychotherapies. Through VR the idea is to dive deep into an
anxiogene and interactive environment with a controlled, safe
and ludic protocol. A strong planning is mandatory, as every
patient needs a design specifically matched to his pathology. One
of the main challenges is to stick to the reality as accurately as
possible in order to solve or at least lessen the psychopathological
issue caused by the dismemberment of the conscience, which
appears like a conflict between stimuli and cognition, between
what we sense and what we live. This paradigm could be resolved
by a full presence feeling: the more we are in, the less we are in
conflict, and the more the treatment is effective.

That presence feeling could be brought by the AR technique,
where the system allows inserting virtual contents in the real
world as a real time perceived ultra-reality. Virtual elements are
superimposed over the real image of the environment, bringing
additional information and augmenting our perception. That
technology is already powerful in medical training (Cutolo et al.,
2017) and as a navigational tool in surgery (Cabrilo et al., 2014),
but appears to be useful in the treatment of specific phobia,
specifically on the phobia of small animals (Chicchi Giglioli et al.,
2015), even if there is still a strong protocols development and
clinical tests to do to extend its use not only in phobia but also in
other pathologies.

REHABILITATION MEDICINE

Associated with specific exercises, VR assisted rehabilitation
becomes interesting for both social and functional rehabilitation
(Laver et al., 2015; Dockx et al., 2016; White and Moussavi,
2016; Fernandez Montenegro and Argyriou, 2017). The overall
system using a treadmill or an exoskeleton plus a chosen
specific virtual environment might have an important impact
for post-traumatic injuries or diseases with neuromuscular
disturbances and degeneration (Villiger et al., 2013; Pietrzak
et al., 2014). Using the specified setup, the patient will be
able to walk and move, repeating the exercise and gradually
increasing the intensity. Such systems could bring an innovative
solution through the use of virtual reality, where objectives,
motivation, and targeted exercises could be mixed in a ludic
protocol. Indeed, VR assisted rehabilitation allows the patient
to work on locomotion disorders, postural rehabilitation, and
equilibrium as well as spatial navigation or any other disorders
(Chiarovano et al., 2017; Cogné et al., 2017). Patients with
memory impairment such as witnessed in Alzheimer’s disease
could benefit from experiencing a virtual walk outside without
putting them at risk of getting lost and VR could help creating
familiar environments with for example the incorporation of

musicotherapy and family pictures. With an adapted setup, both
young patients and senior patients could see their rehabilitation
sessions benefiting from a new vision and therefore see a new
capacity added to the means accessible to them in order to get
better. By targeting specific brain areas and specific training,
VR could be used as a cortical reorganization inducer, and
trigger new healing neurological and critical pathways in mental
health disorders or trauma induced stress and anxiety such
as Post-Traumatic Stress Disorder (Maples-Keller et al., 2017;
Tielman et al., 2017), to adaptive rehabilitation following stroke
induced neurological impairments (Xiao et al., 2017; Yasuda et al.,
2017).

The next step would be to integrate haptic control and
grabbing of virtual elements for the patient to be immersed
in an even more lifelike simulated reality in order to achieve
greater stimulation and to obtain enhanced results aiming
at improving living conditions for all patients suffering from
myopathies.

As of late, software improvements and reduction in the
costs of virtual gear transformed VR into a practical tool for
immersive multisensory experiences in 3D that can distract
patients from their chronic pains. Virtual reality is a promising
intervention with several potential applications in the inpatient
medical setting. Studies to date demonstrate some efficacy,
but there is a need for larger, well-controlled studies to show
clinical and cost-effectiveness (Dascal et al., 2017). Several
studies aiming to assess the effectiveness of VR in hospitalized
patients with chronic pains have been published. The use of
VR as a distraction in these patients was effective to a point
in reducing pain compared to a control distraction condition
(Jin et al., 2016; Jones et al., 2016; Garrett et al., 2017;
McSherry et al., 2017; Tashjian et al., 2017), showing that it
can be used as a bonus therapy tool for pain management.
But these findings are coming in contradiction to other
studies that point out that the use of VR didn’t change pain
thresholds in patients (Smith et al., 2017). VR and AR were
also studied in the context of Phantom Limb Pain (PLP). The
PLP patients present a perception of discomfort consecutive
to amputation of their limb. In such cases, mirror therapy is
used and VR and AR therapy can provide an increased level of
immersion with customizable environments for the amputee to
alleviate the discomfort. They can also use myoelectric sensors
to manipulate artificial limbs to perform several tasks, thus
limitating their handicap (Ortiz-Catalan et al., 2014; Dunn et al.,
2017).

The pain management of patients in hospital could
nonetheless benefit from VR as adjunctive therapy if it is
used in the right emotional and social context. For example,
the qualitative effects of immersive virtual reality therapy
during painful procedures are possible in the operating
theater environment and could contribute in postoperative
satisfaction (Mosso-Vázquez et al., 2014; Chan and Scharf,
2017). More insights will be obtained by future research with
more immersive VR technology to explore the potential link
between stimuli and the context that changes the value of
these stimuli. VR was also successful as adjunct therapy for
acute pain management but most of the studies reported very
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important individualized responses in patients (Garrett et al.,
2017).

CONCLUSION

As such, the efficiency of VR and AR, while attractive
due to the increasing levels of immersion, customizable
environments, and decreasing costs, is yet to be fully

proven and continues to need further research with higher

quality studies to fully explore its benefits and democratize
its use.

AUTHOR CONTRIBUTIONS

All authors worked from the conception of this article to the final
approval, and share the same opinion.

REFERENCES

Cabrilo, I., Bijlenga, P., and Schaller, K. (2014). Augmented reality

in the surgery of cerebral arteriovenous malformations: technique

assessment and considerations. Acta Neurochir. 156, 1769–1774.

doi: 10.1007/s00701-014-2183-9

Chan, P. Y., and Scharf, S. (2017). Virtual reality as an adjunctive

non-pharmacological sedative during orthopedic surgery under

regional anesthesia: a pilot and feasibility study. Anesth. Analg.

doi: 10.1213/ANE.0000000000002169. [Epub ahead of print].

Chiarovano, E., Wang, W., Rogers, S. J., MacDoughall, H. G., Curthoys,

I. S., and De Waele, C. (2017). Balance in virtual reality: effect of age

and bilateral vestibular loss. Front. Neurol. 8:5. doi: 10.3389/fneur.2017.

00005

Chicchi Giglioli, I. A., Pallavicini, F., Pedroli, E., Serino, S., and Riva, G.

(2015). Augmented Reality: a brand new challenge for the assessment

and treatment of psychological disorders. Comput. Math. Methods Med.

2015:862942. doi: 10.1155/2015/862942

Cho, C., Hwang, W., Hwang, S., and Chung, Y. (2016). Treadmill training

with virtual reality improves gait, balance and muscle strength in children

with cerebral palsy. Tohoku J. Exp. Med. 238, 213–218. doi: 10.1620/tjem.

238.213

Cogné, M., Taillade, M., N’Kaoua, B., Tarruella, A., Klinger, E., Larrue, F., et al.

(2017). The contribution of virtual reality to the diagnosis of spatial navigation

disorders and to the study of the role of navigation aids: a systematic literature

review. Ann. Phys. Rehabil. Med. 60, 164–176. doi: 10.1016/j.rehab.2015.12.004

Cottraux (1994). Cognitive and Behavioral Therapies. 3rd Edn. Paris: PUF.

Cutolo, F., Meola, A., Carbone, M., Sinceri, S., Cagnazzo, F., Denaro, E.,

et al. (2017). A new head-mounted display-based augmented reality

system in neurosurgical oncology: a study on phantom. Comput.

Assist. Surg. (Abingdon). 22, 39–53. doi: 10.1080/24699322.2017.

1358400

Dascal, J., Reid, M., Ishak, W., Spiegel, B., Recacho, J., Rosen, B., et al. (2017).

Virtual reality and medical inpatients: a systematic review of randomized,

controlled trials. Innov. Clin. Neurosci. 14, 14–21.

Dockx, K., Bekkers, E. M., Van der Bergh, V., Ginis, P., Rochester,

L., Hausdorff J. M. et al. (2016). Virtual reality for rehabilitation

in Parkinson’s disease. Cochrane Database Syst. Rev. 12:CD010760.

doi: 10.1002/14651858.CD010760.pub2

Dunn, J., Yeo, E., Moghaddampour, P., Chau, B., and Humbert, S. (2017). Virtual

and augmented reality in the treatment of phantom limb pain: a literature

review. NeuroRehabilitation. 40, 595–601. doi: 10.3233/NRE-171447

Fernandez Montenegro, J. M., and Argyriou, V. (2017). Cognitive evaluation

for the diagnosis of Alzheimer’s disease based on turing test and virtual

environments. Physiol. Behav. 2017, 42–51. doi: 10.1016/j.physbeh.2017.

01.034

Fleming, T. M., Bavin, L., Stasiak, K., Hermansson-Webb, E., Merry S.

N., Cheek, C., et al. (2017). Serious games and gamification for mental

health: current status and promising directions. Front. Psychiatry 2017:215.

doi: 10.3389/fpsyt.2016.00215

Garrett, B., Taverner, T., and McDade, P. (2017). virtual reality as an adjunct home

therapy in chronic pain management: an exploratory study. JMIR Med. Inform.

5:e11. doi: 10.2196/medinform.7271

Jin, W., Choo, A., Gromala, D., Shaw, C., and Squire, P. (2016). A

virtual reality game for chronic pain management: a randomized,

controlled clinical study. Stud. Health Technol. Inform. 220, 154–160.

doi: 10.3233/978-1-61499-625-5-154

Jones, T., Moore, T., and Choo, J. (2016). The impact of virtual reality

on chronic pain. PLoS ONE 211:e0167523. doi: 10.1371/journal.pone.01

67523

Laver, K. E., George, S., Thomas, S., Deutsch, J. E., and Crotty, M. (2015). Virtual

reality for stroke rehabilitation. Cochrane Database Syst. Rev. 2:CD008349.

doi: 10.1002/14651858.CD008349.pub3

Malbos, E., Boyer, L., and Lançon, C. (2013). Virtual reality in the treatment

of mental disorders. Presse Med. 42, 1442–1452. doi: 10.1016/j.lpm.2013.

01.065

Maples-Keller, J. L., Yasinski, C., Manjin, L., and Rothbaum, B. O. (2017).

Virtual reality-enhanced extinction of phobias and post-traumatic

stress. Neurotherapeutics 14, 554–563. doi: 10.1007/s13311-017-

0534-y

McSherry, T., Atterbury, M., Gartner, S., Helmold, E., Searles, D. M.,

and Schulman, C. (2017). Randomized, crossover study of immersive

virtual reality to decrease opioid use during painful wound care

procedures in adults. J. Burn Care Res. doi: 10.1097/BCR.00000000000

00589. [Epub ahead of print].

Mosso-Vázquez, J. L., Gao, K., Wiederhold, B. K., and Wiederhold, M.

D. (2014). Virtual reality for pain management in cardiac surgery.

Cyberpsychol. Behav. Soc. Netw. 17, 371–378. doi: 10.1089/cyber.

2014.0198

Ortiz-Catalan, M., Sander, N., Kristoffersen, M. B., Håkansson, B., and Brånemark,

R. (2014). Treatment of phantom limb pain (PLP) based on augmented

reality and gaming controlled by myoelectric pattern recognition: a case

study of a chronic PLP patient. Front. Neurosci. 8:24. doi: 10.3389/fnins.2014.

00024

Pietrzak, E., Pullman, S., and McGuire, A. (2014). Using virtual reality

and videogames for traumatic brain injury rehabilitation: a structured

literature review. Games Health J. 3, 202–214. doi: 10.1089/g4h.

2014.0013

Sarver, N. W., Beidel, D. C., and Spitalnick, J. S. (2014). The feasibility and

acceptability of virtual environments in the treatment of childhood

social anxiety disorder. J. Clin. Child. Adolesc. Psychol. 43, 63–73.

doi: 10.1080/15374416.2013.843461

Sloot, L. H., Harlaar, J., and Van der Krogt, M. M. (2015). Self-paced

versus fixed speed walking and the effect of virtual reality in children

with cerebral palsy. Gait Posture 42, 498–504. doi: 10.1016/j.gaitpost.2015.

08.003

Smith, A., Carlow, K., Biddulph, T., Murray, B., Paton, M., and Harvie,

D. S. (2017). Contextual modulation of pain sensitivity utilising

virtual environments. Br. J. Pain. 11, 71–80. doi: 10.1177/2049463717

698349

Tashjian, V. C., Mosadeghi, S., Howard, A. R., Lopez, M., Dupuy, T., Reid, M., et al.

(2017). Virtual reality for management of pain in hospitalized patients: results

of a controlled trial. JMIR Ment. Health. 4:e9. doi: 10.2196/mental.7387

Tielman, M. L., Neerincx, M. A., Bidarra, R., Kybartas, B., and Brinkman, W. P.

(2017). A therapy system for post-traumatic stress disorder using a virtual agent

and virtual storytelling to reconstruct traumatic memories. J. Med. Syst. 41:125.

doi: 10.1007/s10916-017-0771-y

Villiger, M., Bohli, D., Kiper, D., Pyk, P., Spillmann, J., Meilick, B., et al. (2013).

Virtual reality-augmented neurorehabilitation improves motor function

and reduces neuropathic pain in patients with incomplete spinal cord

Frontiers in Neuroscience | www.frontiersin.org 3 September 2017 | Volume 11 | Article 491

https://doi.org/10.1007/s00701-014-2183-9
https://doi.org/10.1213/ANE.0000000000002169
https://doi.org/10.3389/fneur.2017.00005
https://doi.org/10.1155/2015/862942
https://doi.org/10.1620/tjem.238.213
https://doi.org/10.1016/j.rehab.2015.12.004
https://doi.org/10.1080/24699322.2017.1358400
https://doi.org/10.1002/14651858.CD010760.pub2
https://doi.org/10.3233/NRE-171447
https://doi.org/10.1016/j.physbeh.2017.01.034
https://doi.org/10.3389/fpsyt.2016.00215
https://doi.org/10.2196/medinform.7271
https://doi.org/10.3233/978-1-61499-625-5-154
https://doi.org/10.1371/journal.pone.0167523
https://doi.org/10.1002/14651858.CD008349.pub3
https://doi.org/10.1016/j.lpm.2013.01.065
https://doi.org/10.1007/s13311-017-0534-y
https://doi.org/10.1097/BCR.0000000000000589
https://doi.org/10.1089/cyber.2014.0198
https://doi.org/10.3389/fnins.2014.00024
https://doi.org/10.1089/g4h.2014.0013
https://doi.org/10.1080/15374416.2013.843461
https://doi.org/10.1016/j.gaitpost.2015.08.003
https://doi.org/10.1177/2049463717698349
https://doi.org/10.2196/mental.7387
https://doi.org/10.1007/s10916-017-0771-y
http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive


Benyoucef et al. Cybertherapies for Neuropsychiatric Disease

injury. Neurorehabil. Neural Repair 27, 675–683. doi: 10.1177/1545968313

490999

White, P. J., and Moussavi, Z. (2016). Neurocognitive treatment for a

patient with Alzheimer’s disease using a virtual reality navigational

environment. J. Exp. Neurosci. 2016, 129–135. doi: 10.4137/JEN.

S40827

World Health Organization (WHO) (2001). Mental and Neurological Disorders.

The World Health Report, Mental Health: New Understanding, New Hope.

Geneva: NMH Communications.

Xiao, X., Lin, Q., Lo, W.-L., Mao, Y.-R., Shi, X.-C., Cates, R. S., et al.

(2017). Cerebral reorganization in subacute stroke survivors after virtual

reality-based training: a preliminary study. Behav. Neurol. 2017:6261479.

doi: 10.1155/2017/6261479

Yasuda, K., Muroi, D., Ohira, M., and Iwata, H. (2017). Validation of an

immersive virtual reality system for training near and far space neglect

in individuals with stroke: a pilot study. Top. Stroke Rehabil. 12, 1–6.

doi: 10.1080/10749357.2017.1351069

Conflict of Interest Statement: Spacemedex is a start-up in the field of aerospace

medicine, biotechnologies and medical devices. The corresponding author is the

founder and chief executive officer. All other authors have worked as consultants

in neuroscience and collaborate to the successful development of our research

policies.

Copyright © 2017 Benyoucef, Lesport and Chassagneux. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) or licensor are credited and that the original publication in this

journal is cited, in accordance with accepted academic practice. No use, distribution

or reproduction is permitted which does not comply with these terms.

Frontiers in Neuroscience | www.frontiersin.org 4 September 2017 | Volume 11 | Article 491

https://doi.org/10.1177/1545968313490999
https://doi.org/10.4137/JEN.S40827
https://doi.org/10.1155/2017/6261479
https://doi.org/10.1080/10749357.2017.1351069
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive

	The Emergent Role of Virtual Reality in the Treatment of Neuropsychiatric Disease
	Background
	Neuropsychiatric Perspectives
	Rehabilitation Medicine
	Conclusion
	Author Contributions
	References


