
Frontiers in Psychology | www.frontiersin.org 1 January 2021 | Volume 11 | Article 607312

PERSPECTIVE
published: 07 January 2021

doi: 10.3389/fpsyg.2020.607312

Edited by: 
Marta Matamala-Gomez,  

University of Milano-Bicocca, Italy

Reviewed by: 
Sara Ventura,  

University of Valencia, Spain
Giorgia Tosi,  

University of Milano-Bicocca, Italy

*Correspondence: 
Anastasia Pavlidou  

pavlidou.anastasia@gmail.com;  
anastasia.pavlidou@upd.unibe.ch

Specialty section: 
This article was submitted to  

Neuropsychology,  
a section of the journal  
Frontiers in Psychology

Received: 16 September 2020
Accepted: 02 December 2020

Published: 07 January 2021

Citation:
Pavlidou A and Walther S (2021) 

Using Virtual Reality as a Tool in the 
Rehabilitation of Movement 

Abnormalities in Schizophrenia.
Front. Psychol. 11:607312.

doi: 10.3389/fpsyg.2020.607312

Using Virtual Reality as a Tool in the 
Rehabilitation of Movement 
Abnormalities in Schizophrenia
Anastasia Pavlidou * and Sebastian Walther 

 Translational Research Center, University Hospital of Psychiatry, Bern, Switzerland

Movement abnormalities are prevalent across all stages of schizophrenia contributing to 
poor social functioning and reduced quality of life. To date, treatments are scarce, often 
involving pharmacological agents, but none have been shown to improve movement 
abnormalities effectively. Virtual reality (VR) is a tool used to simulate virtual environments 
where behavioral performance can be quantified safely across different tasks while exerting 
control over stimulus delivery, feedback and measurement in real time. Sensory information 
is transmitted via a head mounted display allowing users to directly interact with virtual 
objects and bodies using gestures and body movements in the real world to perform 
different actions, permitting a sense of immersion in the simulated virtual environment. 
Although, VR has been widely used for successful motor rehabilitation in a variety of 
different neurological domains, none have been exploited for motor rehabilitation in 
schizophrenia. The objectives of this article are to review movement abnormalities specific 
to schizophrenia, and how VR can be utilized to restore and improve motor functioning 
in patients with schizophrenia. Constructing VR-mediated motor-cognitive interventions 
that can help in retaining and transferring the learned outcomes to real life are also discussed.
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INTRODUCTION

Schizophrenia is a severe disorder with devastating symptoms affecting approximately 2–3% of 
the general population. These symptoms can be  positive (hallucinations and delusions) and/or 
negative (reduced social drive and affective flattening) in nature, and include disorganized 
behavior and thinking, impaired cognitive and social functioning, anxiety, and lack of in-sight 
and self-awareness (Mccutcheon et  al., 2020). As a result, schizophrenia causes tremendous 
individual burden, reduced quality of life, occupational performance and life expectancy (between 
10 and 20  years), as well as, substantial costs to society. Although movement abnormalities are 
a part of the earliest descriptions of schizophrenia (Walther and Strik, 2012), their relevance 
was often reduced and attributed to pharmacological side effects (Walther and Mittal, 2017). 
Over the last decade clinicians and researchers alike have renewed their interest in movement 
abnormalities in schizophrenia as biological relatives, clinical high-risk individuals and non-medicated 
patients’ also exhibit unusual movements (Mittal et  al., 2006, 2008; Walther and Mittal, 2017; 
Walther et  al., 2020e).
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MOVEMENT ABNORMALITIES IN 
SCHIZOPHRENIA

Movement abnormalities in schizophrenia can occur 
spontaneously, may continue for several hours of the day and 
can also come and go. Clinicians have separated movement 
abnormalities in schizophrenia into six distinct categories 
(Walther and Strik, 2012). The first known as dyskinesia, is 
abnormal involuntary movements, which occurs as high frequent 
repetitive movements (Gervin et  al., 1998). The second is 
classified as parkinsonism and includes akinesia, rigor, and 
tremor in the absence of an idiopathic Parkinson’s syndrome 
(Waddington, 2020). The third is akathisia, characterized as 
restlessness and inner tension. The fourth is neurological soft 
signs (NSS), which are a set of tests evaluating patients’ motor 
coordination, sequence of motor acts, and sensory integration, 
which are often performed worse compared to healthy controls 
(Whitty et  al., 2009). The fifth is catatonia, which is a complex 
psychomotor syndrome that includes decreased, increased, and 
abnormal movements, disturbances of volition, and autonomous 
instability (Walther et al., 2019). Finally, the sixth is psychomotor 
slowing and it affects both fine (writing) and gross (walking) 
movements, facial expressions, and speech production (Morrens 
et  al., 2007; Osborne et  al., 2020). Patients with schizophrenia 
often suffer from multiple movement abnormalities during the 
course of their illness, and are thought to be  predictors in 
the risk of developing psychosis (Walther and Mittal, 2017).

Movement abnormalities are prevalent across all stages of 
schizophrenia although the symptoms are not consistent across 
the different stages (Walther and Strik, 2012). During the early 
stages, there seems to be  a link between the severities of 
movement abnormalities with the increase risk of developing 
the disorder. For example, at least one movement abnormality 
is present in 2/3rd of non-medicated first episode psychosis 
patients (Peralta and Cuesta, 2010). It increases drastically in 
chronically medicated patients, and affects almost all elderly 
patients with schizophrenia (Quinn et  al., 2001; Walther and 
Strik, 2012). In addition, increased levels of dyskinesia are 
reported in children who exhibit symptoms of psychosis, while 
individuals with increased risk of psychosis have been reported 
to present both dyskinesia and psychomotor slowing (Kindler 
et  al., 2016; Damme et  al., 2020). Overall, these observations 
suggest a crucial role of movement abnormalities in the 
development of schizophrenia, and its importance in successfully 
screening and staging their presence during the course of 
the disorder.

THE RAMIFICATIONS OF MOVEMENT 
ABNORMALITIES

Besides movement abnormalities being predictors for the risk 
of developing schizophrenia, they are also indicative of poor 
social and cognitive functioning, affecting the overall quality 
of life of patients (Putzhammer et  al., 2005). For example, 
NSS, parkinsonism, catatonia, dyskinesia, and akathisia reported 
in patients with the first episode of psychosis were strongly 

associated with the emergence of negative symptoms, executive 
dysfunctioning, and poor memory abilities (Cuesta et al., 2014, 
2018a,b; Walther et  al., 2015; Fritze et  al., 2020; Sambataro 
et  al., 2020; Schroder and Toro, 2020). This was true in both 
medicated and non-medicated patients. In addition, the presence 
of movement abnormalities are strongly linked to impaired 
gesture performance in schizophrenia, an important aspect of 
social communication, and were shown to be  directly related 
to poor social functioning even at 6-month’s follow-up (Walther 
et al., 2016). Errors during gesture performance are very frequent 
and consistent in schizophrenia patients (Walther et al., 2020d), 
as measured using the well-established Test of Upper Limb 
Apraxia (TULIA; Vanbellingen et  al., 2010), developed along 
the principal domains and semantic traits of gesture performance. 
Gestural errors in schizophrenia often involve spatial and 
temporal configurations. Minor errors include movements that 
are too slow or hesitant and appear almost robotic-like, with 
reduced amplitudes, while major errors include omissions, 
body-part-as-object errors, extra movements, and errors in 
spatial orientation (Walther et al., 2013a,b, 2020b). In addition, 
schizophrenia patients tend to use fewer gestures during 
interactions with their psychiatrist or during casual conversations 
(Lavelle et al., 2013, 2015). Moreover, clinical high-risk patients 
for psychosis not only use fewer gestures during clinical 
interviews, they also tend to use mismatch gestures (Millman 
et al., 2014). This suggest that abnormal gesturing in schizophrenia 
is highly relevant for communication (Walther et  al., 2020d).

Likewise, impaired gesture performance in schizophrenia is 
also associated with cognitive impairments, such as executive 
dysfunction (Walther et  al., 2013b, 2015). In addition, 
schizophrenia patients also have deficits in perceiving and 
interpreting gestures (Bucci et  al., 2008; White et  al., 2016) 
and this deficit is linked to movement abnormalities (Walther 
et  al., 2015). Hence, amelioration of movement abnormalities 
in schizophrenia has the potential to improve both social and 
cognitive functioning and expand patients’ quality of life.

TREATMENT OPTIONS FOR MOVEMENT 
ABNORMALITIES

To date, the standard treatment to alleviate movement 
abnormalities in schizophrenia exclusively relied on 
pharmacology. However, treatment effects have been 
heterogeneous. For example, some forms of movement 
abnormalities, such as catatonia and dyskinesia improved 
following the administration of antipsychotics and 
benzodiazepines (Peralta and Cuesta, 2010; Walther et  al., 
2019), while akathisia worsened (Peralta and Cuesta, 2010). 
This suggests that pharmacological treatments may not 
be ideal candidates and offer no long-term solution in taming 
movement abnormalities. Preliminary findings suggest 
non-invasive brain stimulation (NIBS) is a potential candidate 
in alleviating movement abnormalities in schizophrenia 
patients (Walther et  al., 2020a,c). Several ongoing clinical 
trials are currently administered to further assess the efficacy 
of NIBS (Lefebvre et  al., 2020); Personalized Non-invasive 
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Neuromodulation by rTMS for Chronic and Treatment-
Resistant Catatonia trial (RETONIC, NCT03116425), 
Overcoming Psychomotor Slowing in Psychosis trial (OCoPS-P, 
NCT03921450), and Brain Stimulation And Group Therapy 
to Improve Gesture and Social Skills in Psychosis trial 
(BrAGG-SoS, NCT04106427). Developing alternative 
interventions in tackling movement abnormalities may offer 
a better and long-term solution while addressing the concerns 
regarding usage of medication and their related side effects 
(Lieberman et  al., 2005; Stegmayer et  al., 2018). Successful 
movement production depends on the multisensory integration 
of different processes, thus better rehabilitative results are 
more likely to ensue when combining motor-socio-cognitive 
processes together with multimodal sensory feedback.

VIRTUAL REALITY AS A TOOL FOR 
MOTOR NEUROREHABILITATION

In recent years, Virtual Reality (VR) has become a popular 
tool in neurorehabilitation, as it promotes motor learning 
(ML) and neuroplasticity (Kleim and Jones, 2008; Cho and 
Lee, 2013). VR provides clinicians and researchers alike with 
the unique ability to simulate real world scenarios. It engages 
multiple senses, allows complete immersion within the virtual 
environment using a head-mounted display, and provides 
users with the opportunity to interact with virtual objects 
and/or other virtual characters, allowing the manipulation 
of a controlled and flexible setting while providing rapid 
online feedback, optimizing ML (Slater, 2009; Perez-Marcos 
et  al., 2012; Parsons et  al., 2017). ML is a process that 
examines the acquisition of newly developed motor skills 
via practice and experience and evokes a permanent change 
in the ability to execute a movement (Levac and Sveistrup, 
2014). Thus, VR as a multi-facet system, has the potential 
to enrich conventional therapies and provide its users with 
a more intensive and enjoyable alternative that can help in 
retaining and transferring ML to real life (Weiss et  al., 2014; 
Perez-Marcos, 2018; Perez-Marcos et  al., 2018).

Optimization of ML in VR is highly dependent on the 
manipulation of testing conditions that explicitly apply (i) 
external focus of attention, (ii) intensity, (iii) implicit learning, 
(iv) diversity, (v) task specificity, and (vi) real-time feedback 
(Table  1; Wulf et  al., 1998; Levac and Sveistrup, 2014; Perez-
Marcos et  al., 2018). These conditions support the acquisition, 
retention and transfer phase of newly developed movement 
skills (Willingham, 1998), and provide encouraging results in 
the motor rehabilitation of patients with neurological disorders. 
We discuss the importance of each condition below and provide 
their effectiveness in VR motor rehabilitation.

External focus of attention involves directing an individual’s 
attention to the effect of the performed movement in their 
environment such as: “lift your arm to touch a mark on the 
wall”, and has been effective in enhancing movement performance 
in gait, balance, and postural training (Wulf et al., 1998; Johnson 
et  al., 2013; Park et  al., 2015). In VR, Mirelman et  al. (2009) 
opted to teach post stroke patients how to navigate a plane 

or a boat within a virtual environment by moving their feet, 
rather than teaching patients’ how to move their feet. The use 
of these external cues directed patients’ attention within the 
virtual environment and away from the performed movements 
improving their overall therapeutic outcome.

Treatment intensity is highly recommended to maximize 
therapeutic effects, as it can induce structural neural changes. 
Animal studies report that functional tasks repeated a minimum 
of 400 times prompt such changes (Birkenmeier et  al., 2010). 
In a recent study, VR-mediated upper limb training in chronic 
stroke delivered a training intensity that was 10–15 times higher 
than that delivered in a standard clinical training (Perez-Marcos 
et al., 2017). Thus, VR provided large amounts of active training 
time and repetitions for each session, further highlighting VR’s 
efficiency in treatment outcomes.

Implicit learning is a form of learning that occurs without 
the person’s awareness (Reber, 1967). In VR rehabilitative 
treatments, implicit learning is often achieved using motor-
cognitive dual-task training, and shown to enhance ML more 
efficiently in patients with neurological disorder (Fritz et al., 
2015). Such tasks include walking while counting backwards, 
or walking while trying to avoid obstacles, and appear to 
be  more effective than walking alone (Yang et  al., 2008; 
Mirelman et al., 2016) while giving a more realistic approach 
in including the multiple processes (i.e., motor, cognitive, 
and social) necessary for daily functioning (Faria et  al., 
2016, 2018; Perez-Marcos, 2018). Studies implementing VR 
motor-cognitive tasks in post stroke, Parkinson’s, and multiple 
sclerosis patients report significant improvements in both 
the motor and cognitive (memory, attention and visual-spatial 
abilities) domains (Maggio et  al., 2019), with effects in the 
motor domain reportedly retained at follow-up (Mendes 
et  al., 2012; Mirelman et  al., 2016; Cano Porras et  al., 2018; 
Faria et  al., 2018).

Task variation is introduced by varying the difficulty of 
a performed task. Once the simple tasks are accomplished, 
complex tasks are introduced. This gradual level of learning 
sanctions a sense of triumph over the task, promoting self-
efficacy and ML while increasing patients’ motivation and 
enjoyment (Levac et al., 2019). For example, Jaffe et al. (2004) 
changed the difficulty level of their task by increasing the 
length and height of the obstacles in a virtual training course 
while poststroke hemiplegia patients walked on a treadmill. 

TABLE 1 | Movement learning principles for VR rehabilitation treatment.

Movement learning principles Examples

External focus of attention Navigating a virtual boat (Mirelman et al., 2009).
Intensity Multiple sessions, repetitions of task (Perez-

Marcos et al., 2017).
Implicit learning Walking on treadmill while avoiding obstacles 

(Yang et al., 2008).
Variance Increasing length and height of obstacles 

(Jaffe et al., 2004).
Task specificity Shopping in virtual supermarket (Rand et al., 

2009).
Real-time feedback Auditory feedback when the chosen response 

is incorrect (Adery et al., 2018).

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Pavlidou and Walther Movement Abnormalities in Schizophrenia Using VR

Frontiers in Psychology | www.frontiersin.org 4 January 2021 | Volume 11 | Article 607312

While, Yang et al. (2008) increased the speed of the treadmill 
5% after each training session, and introduced different 
walking scenarios. Such VR programs provide a more affluent 
training environment that involves adapting to unpredictable 
scenarios, which more reflect real-life scenarios more.

Task-specific training is one of most important aspects 
for treatment rehabilitation as it postulates that ML is promoted 
when the acquired movement skills are as close as possible 
to those expected to perform the task in the real world 
(Levac and Sveistrup, 2014). VR is the ideal candidate for 
such practice as it can simulate daily living challenges in a 
safe environment that with time translate to the real world. 
For example, Rand et  al. (2009) placed post stroke patients 
in a virtual shopping mall, and measured multitasking abilities 
over a period of 3 weeks. Patients improved their multitasking 
abilities from 20.5 to 51.2% following this VR intervention.

Finally, real-time feedback is extremely important in ML 
as it provides some information as to how a task is being 
performed allowing the possibility to adapt the training 
accordingly, and reinforce movement control and reduce 
movement compensation (Subramanian et  al., 2013). In a 
recent study, Van Gelder et  al. (2017) measured gait 
performance of children suffering from cerebral palsy as they 
walked on a VR instrumented treadmill. They performed 
three conditions: one condition provided no feedback while 
the other two conditions provided feedback on hip and knee 
angle. Significant improvements were observed in hip and 
knee extensions following real-time feedback. Whereas,  
Mirelman et  al. (2009) used real time feedback to encourage 
their patients whenever they successfully navigated their 
target by changing the target color from yellow to green 
along with the word “GREAT.” Providing VR real-time feedback 
provides patients with the opportunity to become aware of 
their shortcomings, as well as, their progress, motivating 
them to continue towards the road to autonomy, improving 
activities in their daily living, and improving their overall 
quality of life.

Taken together, VR has the ability to implement all elements 
of ML and can improve performance of movement skills 
important for real world functioning in patients suffering from 
different neurological disorders.

DISCUSSION

To our knowledge, no study to date has utilized ML in VR 
specifically for motor rehabilitation in patients with 
schizophrenia. However, patients with schizophrenia have 
been mastering VR trainings in previous research (Valmaggia 
et al., 2016; Rus-Calafell et al., 2018). Specifically, VR studies 
using elements of ML outside the motor domain, show 
promising results in enhancing and maintaining interpersonal 
social skills, as well as, reducing auditory hallucinations 
and paranoia in schizophrenia patients (Rus-Calafell et  al., 
2018). VR settings designed to allow schizophrenia patients 
to interact with different virtual characters while encouraging 
progressive learning of social skills and providing both positive 

and negative reinforcement showed significant improvements 
in emotion perception, assertive and conversational behavior, 
as well as, negative symptoms, psychopathology, social 
avoidance, discomfort, and functioning (Park et  al., 2011; 
Rus-Calafell et  al., 2014; Adery et  al., 2018). Most of these 
gains were also maintained at 4-month follow-up (Rus-Calafell 
et  al., 2014). In addition, schizophrenia patients undergoing 
a 10  h VR job interview training significantly improved 
their virtual interview and role-playing performance scores 
across increasing levels of difficulty and had greater odds 
of receiving a job offer at 6-month follow-up (Smith et  al., 
2015). Furthermore, VR therapy designed to have 
schizophrenia patients confront and interact with a visual 
representation of their most distressed auditory hallucination 
produced significant improvements in auditory verbal 
hallucination severity, depressive symptoms, as well as, quality 
of life that remained at 3-month follow-up (Du Sert et  al., 
2018), while, error-feedback during social perception judgments 
reduced paranoid ideation in patients with schizophrenia 
(Moritz et  al., 2014).

Overall, these studies show VR’s efficacy and feasibility in 
improving symptoms associated with schizophrenia. The use 
of ML elements in these paradigms shows patients’ ease in 
responding and adapting to the ever changing and increasingly 
challenging virtual environments reinforcing overall learning 
outcome. Patients have also recognized their enjoyment and 
increase motivation when using VR therapy where its use 
in combination with conventional therapy can have significant 
and everlasting benefits that can greatly influence patients’ 
quality of life (Adery et  al., 2018; Du Sert et  al., 2018; 
Rus-Calafell et  al., 2018).

Since, schizophrenia patients respond well to VR-therapy, 
and are able to adapt to different scenarios, we  can apply 
ML in VR to ameliorate movement abnormalities in these 
patients by restoring, retaining, and transferring the learned 
movement skills, similarly to that done with neurological 
patients. Why is it important to do so? Movement abnormalities 
are ubiquitous across all stages in schizophrenia patients. 
These movement deficits are linked to socio-cognitive 
impairments, such as gesture performance, an integral part 
of communication, which can have devastating consequences 
on patients clinical outcome and overall functioning (Walther 
et  al., 2020d). Designing a VR paradigm that encompasses 
motor and socio-cognitive domains, where for example, 
communicative gestures are mastered and are then applied 
during social interactions, can improve patients’ overall 
communication. This can have substantial benefits in how 
they express themselves to their therapist or doctor, how 
they navigate daily tasks, while promoting autonomy and 
overall functioning.

FUTURE OUTLOOK AND CONCLUSION

Although movement abnormalities are prevalent in 
schizophrenia affecting overall communication and social 
functioning very little has been done to treat and alleviate 
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these deficits. Psychopharmacology has proven to have very 
little effects on psychomotor abnormalities, while NIBS has 
some promise (Lefebvre et  al., 2020). In this perspective 
paper, we  highlight VR’s success in effectively combining 
all elements of ML in improving motor abnormalities in 
neurological disorders, and advocate its potential use in 
ameliorating, restoring, and improving movement abnormalities 
in schizophrenia patients. Using ML, we  can combine motor 
and socio-cognitive domains to establish personalized simulated 
real-life scenarios tailored to each patient’s individual needs 
promoting autonomy that can greatly improve their quality of 
life, such as gesture performance. In addition, combining 
VR with NIBS can further benefit patients with schizophrenia 
as, neuromodulation of the affected cortical areas while 
being placed in a safe virtual environment, could allow for 
direct translation to the real world (Gainsford et  al., 2020; 
Lefebvre et  al., 2020).

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included 
in the article/supplementary material, further inquiries can 
be  directed to the corresponding author.

AUTHOR CONTRIBUTIONS

AP drafted the manuscript. SW revised the manuscript. AP and 
SW edited the manuscript. Both the authors contributed to the 
article and approved the submitted version.

FUNDING

This project is funded by SNF- Nr. 32003B_l84717/1 awarded to SW.

 

REFERENCES

Adery, L. H., Ichinose, M., Torregrossa, L. J., Wade, J., Nichols, H., Bekele, E., 
et al. (2018). The acceptability and feasibility of a novel virtual reality based 
social skills training game for schizophrenia: preliminary findings. Psychiatry 
Res. 270, 496–502. doi: 10.1016/j.psychres.2018.10.014

Birkenmeier, R. L., Prager, E. M., and Lang, C. E. (2010). Translating animal 
doses of task-specific training to people with chronic stroke in 1-hour 
therapy sessions: a proof-of-concept study. Neurorehabil. Neural Repair 24, 
620–635. doi: 10.1177/1545968310361957

Bucci, S., Startup, M., Wynn, P., Baker, A., and Lewin, T. J. (2008). Referential 
delusions of communication and interpretations of gestures. Psychiatry Res. 
158, 27–34. doi: 10.1016/j.psychres.2007.07.004

Cano Porras, D., Siemonsma, P., Inzelberg, R., Zeilig, G., and Plotnik, M. (2018). 
Advantages of virtual reality in the rehabilitation of balance and gait: systematic 
review. Neurology 90, 1017–1025. doi: 10.1212/WNL.0000000000005603

Cho, K. H., and Lee, W. H. (2013). Virtual walking training program using 
a real-world video recording for patients with chronic stroke: a pilot study. 
Am. J. Phys. Med. Rehabil. 92, 371–380. doi: 10.1097/PHM.0b013e318 
28cd5d3

Cuesta, M. J., Garcia De Jalon, E., Campos, M. S., Moreno-Izco, L., 
Lorente-Omenaca, R., Sanchez-Torres, A. M., et al. (2018a). Motor abnormalities 
in first-episode psychosis patients and long-term psychosocial functioning. 
Schizophr. Res. 200, 97–103. doi: 10.1016/j.schres.2017.08.050

Cuesta, M. J., Moreno-Izco, L., Ribeiro, M., Lopez-Ilundain, J. M., Lecumberri, P., 
Cabada, T., et al. (2018b). Motor abnormalities and cognitive impairment 
in first-episode psychosis patients, their unaffected siblings and healthy 
controls. Schizophr. Res. 200, 50–55. doi: 10.1016/j.schres.2017.10.035

Cuesta, M. J., Sanchez-Torres, A. M., De Jalon, E. G., Campos, M. S., Ibanez, B., 
Moreno-Izco, L., et al. (2014). Spontaneous parkinsonism is associated with 
cognitive impairment in antipsychotic-naive patients with first-episode 
psychosis: a 6-month follow-up study. Schizophr. Bull. 40, 1164–1173. doi: 
10.1093/schbul/sbt125

Damme, K. S. F., Osborne, K. J., Gold, J. M., and Mittal, V. A. (2020). Detecting 
motor slowing in clinical high risk for psychosis in a computerized finger 
tapping model. Eur. Arch. Psychiatry Clin. Neurosci. 270, 393–397. doi: 
10.1007/s00406-019-01059-0

Du Sert, O. P., Potvin, S., Lipp, O., Dellazizzo, L., Laurelli, M., Breton, R., 
et al. (2018). Virtual reality therapy for refractory auditory verbal hallucinations 
in schizophrenia: a pilot clinical trial. Schizophr. Res. 197, 176–181. doi: 
10.1016/j.schres.2018.02.031

Faria, A. L., Andrade, A., Soares, L., Badia, I., and Badia, S. B. (2016). Benefits 
of virtual reality based cognitive rehabilitation through simulated activities 
of daily living: a randomized controlled trial with stroke patients. J. Neuroeng. 
Rehabil. 13:96. doi: 10.1186/s12984-016-0204-z

Faria, A. L., Cameirão, M. S., Couras, J. F., Aguiar, J. R. O., Costa, G. M., 
Bermúdez, I., et al. (2018). Combined cognitive-motor rehabilitation in 
virtual reality improves motor outcomes in chronic stroke – a pilot study. 
Front. Psychol. 9:854. doi: 10.3389/fpsyg.2018.00854

Fritz, N. E., Cheek, F. M., and Nichols-Larsen, D. S. (2015). Motor-cognitive 
dual-task training in persons with neurologic disorders: a systematic review. 
J. Neurol. Phys. Ther. 39, 142–153. doi: 10.1097/NPT.0000000000000090

Fritze, S., Sambataro, F., Kubera, K. M., Bertolino, A. L., Topor, C. E., Wolf, R. C., 
et al. (2020). Neurological soft signs in schizophrenia spectrum disorders 
are not confounded by current antipsychotic dosage. Eur. Neuropsychopharmacol. 
31, 47–57. doi: 10.1016/j.euroneuro.2019.11.001

Gainsford, K., Fitzgibbon, B., Fitzgerald, P. B., and Hoy, K. E. (2020). Transforming 
treatments for schizophrenia: virtual reality, brain stimulation and social 
cognition. Psychiatry Res. 288:112974. doi: 10.1016/j.psychres.2020.112974

Gervin, M., Browne, S., Lane, A., Clarke, M., Waddington, J. L., Larkin, C., 
et al. (1998). Spontaneous abnormal involuntary movements in first-episode 
schizophrenia and schizophreniform disorder: baseline rate in a group of 
patients from an Irish catchment area. Am. J. Psychiatr. 155, 1202–1206. 
doi: 10.1176/ajp.155.9.1202

Jaffe, D., Brown, D., Pierson-Carey, C., Buckley, E., and Lew, H. (2004). Stepping 
over obstacles to improve walking in individuals with poststroke hemiplegia. 
J. Rehabil. Res. Dev. 41, 283–292. doi: 10.1682/JRRD.2004.03.0283

Johnson, L., Burridge, J. H., and Demain, S. H. (2013). Internal and external 
focus of attention during gait re-education: an observational study of physical 
therapist practice in stroke rehabilitation. Phys. Ther. 93, 957–966. doi: 
10.2522/ptj.20120300

Kindler, J., Schultze-Lutter, F., Michel, C., Martz-Irngartinger, A., Linder, C., 
Schmidt, S. J., et al. (2016). Abnormal involuntary movements are linked 
to psychosis-risk in children and adolescents: results of a population-based 
study. Schizophr. Res. 174, 58–64. doi: 10.1016/j.schres.2016.04.032

Kleim, J. A., and Jones, T. A. (2008). Principles of experience-dependent neural 
plasticity: implications for rehabilitation after brain damage. J. Speech Lang. 
Hear. Res. 51, S225–S239. doi: 10.1044/1092-4388(2008/018)

Lavelle, M., Dimic, S., Wildgrube, C., Mccabe, R., and Priebe, S. (2015). Non-
verbal communication in meetings of psychiatrists and patients with 
schizophrenia. Acta Psychiatr. Scand. 131, 197–205. doi: 10.1111/acps.12319

Lavelle, M., Healey, P. G. T., and Mccabe, R. (2013). Is nonverbal communication 
disrupted in interactions involving patients with schizophrenia? Schizophr. 
Bull. 39, 1150–1158. doi: 10.1093/schbul/sbs091

Lefebvre, S., Pavlidou, A., and Walther, S. (2020). What is the potential of 
neurostimulation in the treatment of motor symptoms in schizophrenia? 
Expert. Rev. Neurother. 20, 697–706. doi: 10.1080/14737175.2020.1775586

Levac, D. E., Huber, M. E., and Sternad, D. (2019). Learning and transfer of 
complex motor skills in virtual reality: a perspective review. J. Neuroeng. 
Rehabil. 16:121. doi: 10.1186/s12984-019-0587-8

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1016/j.psychres.2018.10.014
https://doi.org/10.1177/1545968310361957
https://doi.org/10.1016/j.psychres.2007.07.004
https://doi.org/10.1212/WNL.0000000000005603
https://doi.org/10.1097/PHM.0b013e31828cd5d3
https://doi.org/10.1097/PHM.0b013e31828cd5d3
https://doi.org/10.1016/j.schres.2017.08.050
https://doi.org/10.1016/j.schres.2017.10.035
https://doi.org/10.1093/schbul/sbt125
https://doi.org/10.1007/s00406-019-01059-0
https://doi.org/10.1016/j.schres.2018.02.031
https://doi.org/10.1186/s12984-016-0204-z
https://doi.org/10.3389/fpsyg.2018.00854
https://doi.org/10.1097/NPT.0000000000000090
https://doi.org/10.1016/j.euroneuro.2019.11.001
https://doi.org/10.1016/j.psychres.2020.112974
https://doi.org/10.1176/ajp.155.9.1202
https://doi.org/10.1682/JRRD.2004.03.0283
https://doi.org/10.2522/ptj.20120300
https://doi.org/10.1016/j.schres.2016.04.032
https://doi.org/10.1044/1092-4388(2008/018)
https://doi.org/10.1111/acps.12319
https://doi.org/10.1093/schbul/sbs091
https://doi.org/10.1080/14737175.2020.1775586
https://doi.org/10.1186/s12984-019-0587-8


Pavlidou and Walther Movement Abnormalities in Schizophrenia Using VR

Frontiers in Psychology | www.frontiersin.org 6 January 2021 | Volume 11 | Article 607312

Levac, D., and Sveistrup, H. (2014). “Motor learning and virtual reality” in 
Virtual reality for physical and motor rehabilitation eds. P. Weiss, E. Keshner 
and M. Levin (Springer), 25–46.

Lieberman, J. A., Stroup, T. S., Mcevoy, J. P., Swartz, M. S., Rosenheck, R. A., 
Perkins, D. O., et al. (2005). Effectiveness of antipsychotic drugs in patients 
with chronic schizophrenia. N. Engl. J. Med. 353, 1209–1223. doi: 10.1056/
NEJMoa051688

Maggio, M. G., Russo, M., Cuzzola, M. F., Destro, M., La Rosa, G., Molonia, F., 
et al. (2019). Virtual reality in multiple sclerosis rehabilitation: a review on 
cognitive and motor outcomes. J. Clin. Neurosci. 65, 106–111. doi: 10.1016/j.
jocn.2019.03.017

Mccutcheon, R. A., Reis Marques, T., and Howes, O. D. (2020). Schizophrenia—
an overview. JAMA Psychiat. 77, 201–210. doi: 10.1001/jamapsychiatry.2019.3360

Mendes, F. A. D. S., Pompeu, J. E., Lobo, A. M., Da Silva, K. G., Oliveira, T. D. 
P., Zomignani, A. P., et al. (2012). Motor learning, retention and transfer 
after virtual-reality-based training in Parkinson's disease – effect of motor 
and cognitive demands of games: a longitudinal, controlled clinical study. 
Physiotherapy 98, 217–223. doi: 10.1016/j.physio.2012.06.001

Millman, Z. B., Goss, J., Schiffman, J., Mejias, J., Gupta, T., and Mittal, V. A. 
(2014). Mismatch and lexical retrieval gestures are associated with visual 
information processing, verbal production, and symptomatology in youth 
at high risk for psychosis. Schizophr. Res. 158, 64–68. doi: 10.1016/j.
schres.2014.06.007

Mirelman, A., Bonato, P., and Deutsch, J. E. (2009). Effects of training with a 
robot-virtual reality system compared with a robot alone on the gait of individuals 
after stroke. Stroke 40, 169–174. doi: 10.1161/STROKEAHA.108.516328

Mirelman, A., Rochester, L., Maidan, I., Del Din, S., Alcock, L., Nieuwhof, F., 
et al. (2016). Addition of a non-immersive virtual reality component to 
treadmill training to reduce fall risk in older adults (V-TIME): a randomised 
controlled trial. Lancet 388, 1170–1182. doi: 10.1016/S0140-6736(16)31325-3

Mittal, V. A., Neumann, C., Saczawa, M., and Walker, E. F. (2008). Longitudinal 
progression of movement abnormalities in relation to psychotic symptoms 
in adolescents at high risk of schizophrenia. Arch. Gen. Psychiatry 65, 
165–171. doi: 10.1001/archgenpsychiatry.2007.23

Mittal, V. A., Tessner, K. D., Mcmillan, A. L., Delawalla, Z., Trotman, H. D., 
and Walker, E. F. (2006). Gesture behavior in unmedicated schizotypal 
adolescents. J. Abnorm. Psychol. 115, 351–358. doi: 10.1037/0021-843X.115.2.351

Moritz, S., Voigt, M., Köther, U., Leighton, L., Kjahili, B., Babur, Z., et al. 
(2014). Can virtual reality reduce reality distortion? Impact of performance 
feedback on symptom change in schizophrenia patients. J. Behav. Ther. Exp. 
Psychiatry 45, 267–271. doi: 10.1016/j.jbtep.2013.11.005

Morrens, M., Hulstijn, W., and Sabbe, B. (2007). Psychomotor slowing in 
schizophrenia. Schizophr. Bull. 33, 1038–1053. doi: 10.1093/schbul/sbl051

Osborne, K. J., Walther, S., Shankman, S. A., and Mittal, V. A. (2020). Psychomotor 
slowing in schizophrenia: implications for endophenotype and biomarker 
development. Biomark. Neuropsych. 2:100016. doi: 10.1016/j.bionps.2020.100016

Park, K. -M., Ku, J., Choi, S. -H., Jang, H. -J., Park, J. -Y., Kim, S. I., et al. 
(2011). A virtual reality application in role-plays of social skills training 
for schizophrenia: a randomized, controlled trial. Psychiatry Res. 189, 
166–172. doi: 10.1016/j.psychres.2011.04.003

Park, S. H., Yi, C. W., Shin, J. Y., and Ryu, Y. U. (2015). Effects of external 
focus of attention on balance: a short review. J. Phys. Ther. Sci. 27, 3929–3931. 
doi: 10.1589/jpts.27.3929

Parsons, T. D., Gaggioli, A., and Riva, G. (2017). Virtual reality for research 
in social neuroscience. Brain Sci. 7:42. doi: 10.3390/brainsci7040042

Peralta, V., and Cuesta, M. J. (2010). The effect of antipsychotic medication on 
neuromotor abnormalities in neuroleptic-naive nonaffective psychotic patients: 
a naturalistic study with haloperidol, risperidone, or olanzapine. Prim. Care 
Companion J. Clin. Psych. 12:PCC.09m00799. doi: 10.4088/PCC.09m00799gry

Perez-Marcos, D. (2018). Virtual reality experiences, embodiment, videogames 
and their dimensions in neurorehabilitation. J. Neuroeng. Rehabil. 15:113. 
doi: 10.1186/s12984-018-0461-0

Perez-Marcos, D., Bieler-Aeschlimann, M., and Serino, A. (2018). Virtual reality 
as a vehicle to empower motor-cognitive neurorehabilitation. Front. Psychol. 
9:2120. doi: 10.3389/fpsyg.2018.02120

Perez-Marcos, D., Chevalley, O., Schmidlin, T., Garipelli, G., Serino, A., Vuadens, P., 
et al. (2017). Increasing upper limb training intensity in chronic stroke 
using embodied virtual reality: a pilot study. J. Neuroeng. Rehabil. 14:119. 
doi: 10.1186/s12984-017-0328-9

Perez-Marcos, D., Solazzi, M., Steptoe, W., Oyekoya, O., Frisoli, A., Weyrich, T., 
et al. (2012). A fully immersive set-up for remote interaction and neurorehabilitation 
based on virtual body ownership. Front. Neurol. 3:110. doi: 10.3389/fneur.2012.00110

Putzhammer, A., Perfahl, M., Pfeiff, L., and Hajak, G. (2005). Correlation of 
subjective well-being in schizophrenic patients with gait parameters, expert-
rated motor disturbances, and psychopathological status. Pharmacopsychiatry 
38, 132–138. doi: 10.1055/s-2005-864125

Quinn, J., Meagher, D., Murphy, P., Kinsella, A., Mullaney, J., and Waddington, J. L. 
(2001). Vulnerability to involuntary movements over a lifetime trajectory 
of schizophrenia approaches 100%, in association with executive (frontal) 
dysfunction. Schizophr. Res. 49, 79–87. doi: 10.1016/S0920-9964(99)00220-0

Rand, D., Weiss, P., and Katz, N. (2009). Training multitasking in a virtual 
supermarket: a novel intervention after stroke. Am. J. Occup. Ther. 63, 
535–542. doi: 10.5014/ajot.63.5.535

Reber, A. S. (1967). Implicit learning of artificial grammars. J. Verbal Learn. 
Verbal Behav. 6, 855–863. doi: 10.1016/S0022-5371(67)80149-X

Rus-Calafell, M., Garety, P., Sason, E., Craig, T. J. K., and Valmaggia, L. R. 
(2018). Virtual reality in the assessment and treatment of psychosis: a 
systematic review of its utility, acceptability and effectiveness. Psychol. Med. 
48, 362–391. doi: 10.1017/S0033291717001945

Rus-Calafell, M., Gutiérrez-Maldonado, J., and Ribas-Sabaté, J. (2014). A virtual 
reality-integrated program for improving social skills in patients with 
schizophrenia: a pilot study. J. Behav. Ther. Exp. Psychiatry 45, 81–89. doi: 
10.1016/j.jbtep.2013.09.002

Sambataro, F., Fritze, S., Rashidi, M., Topor, C. E., Kubera, K. M., Wolf, R. C., 
et al. (2020). Moving forward: distinct sensorimotor abnormalities predict 
clinical outcome after 6 months in patients with schizophrenia. Eur. 
Neuropsychopharmacol. 36, 72–82. doi: 10.1016/j.euroneuro.2020.05.002

Schroder, J., and Toro, P. (2020). Neurological soft signs predict outcomes in 
schizophrenia. Nat. Rev. Neurol. 16, 659–660. doi: 10.1038/s41582-020-0403-x

Slater, M. (2009). Place illusion and plausibility can lead to realistic behaviour 
in immersive virtual environments. Philos. Trans. R. Soc. Lond. Ser. B Biol. 
Sci. 364, 3549–3557. doi: 10.1098/rstb.2009.0138

Smith, M. J., Fleming, M. F., Wright, M. A., Roberts, A. G., Humm, L. B., 
Olsen, D., et al. (2015). Virtual reality job interview training and 6-month 
employment outcomes for individuals with schizophrenia seeking employment. 
Schizophr. Res. 166, 86–91. doi: 10.1016/j.schres.2015.05.022

Stegmayer, K., Walther, S., and Van Harten, P. (2018). Tardive dyskinesia 
associated with atypical antipsychotics: prevalence, mechanisms and 
management strategies. CNS Drugs 32, 135–147. doi: 10.1007/s40263-018-0494-8

Subramanian, S. K., Lourenco, C. B., Chilingaryan, G., Sveistrup, H., and 
Levin, M. F. (2013). Arm motor recovery using a virtual reality intervention 
in chronic stroke: randomized control trial. Neurorehabil. Neural Repair 27, 
13–23. doi: 10.1177/1545968312449695

Valmaggia, L. R., Day, F., and Rus-Calafell, M. (2016). Using virtual reality to 
investigate psychological processes and mechanisms associated with the onset 
and maintenance of psychosis: a systematic review. Soc. Psychiatry Psychiatr. 
Epidemiol. 51, 921–936. doi: 10.1007/s00127-016-1245-0

Van Gelder, L., Booth, A. T. C., Van De Port, I., Buizer, A. I., Harlaar, J., and 
Van Der Krogt, M. M. (2017). Real-time feedback to improve gait in children 
with cerebral palsy. Gait Posture 52, 76–82. doi: 10.1016/j.gaitpost.2016.11.021

Vanbellingen, T., Kersten, B., Van Hemelrijk, B., Van De Winckel, A., Bertschi, M., 
Müri, R., et al. (2010). Comprehensive assessment of gesture production: 
a new test of upper limb apraxia (TULIA). Eur. J. Neurol. 17, 59–66. doi: 
10.1111/j.1468-1331.2009.02741.x

Waddington, J. L. (2020). Psychosis in Parkinson's disease and parkinsonism 
in antipsychotic-naive schizophrenia spectrum psychosis: clinical, nosological 
and pathobiological challenges. Acta Pharmacol. Sin. 41, 464–470. doi: 10.1038/
s41401-020-0373-y

Walther, S., Alexaki, D., Schoretsanitis, G., Weiss, F., Vladimirova, I., Stegmayer, K., 
et al. (2020a). Inhibitory repetitive Transcranial magnetic stimulation to 
treat psychomotor slowing: a Transdiagnostic, mechanism-based randomized 
double-blind controlled trial. Schizophr. Bull. Open 1. doi: 10.1093/
schizbullopen/sgaa020

Walther, S., Alexaki, D., Stegmayer, K., Vanbellingen, T., and Bohlhalter, S. 
(2020b). Conceptual disorganization impairs hand gesture performance in 
schizophrenia. Schizophr. Res. 215, 467–468. doi: 10.1016/j.schres.2019.09.001

Walther, S., Eisenhardt, S., Bohlhalter, S., Vanbellingen, T., Muri, R., Strik, W., 
et al. (2016). Gesture performance in schizophrenia predicts functional 

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://www.researchgate.net/publication/264456754_Sensorimotor_Recalibration_in_Virtual_Environments
https://doi.org/10.1056/NEJMoa051688
https://doi.org/10.1056/NEJMoa051688
https://doi.org/10.1016/j.jocn.2019.03.017
https://doi.org/10.1016/j.jocn.2019.03.017
https://doi.org/10.1001/jamapsychiatry.2019.3360
https://doi.org/10.1016/j.physio.2012.06.001
https://doi.org/10.1016/j.schres.2014.06.007
https://doi.org/10.1016/j.schres.2014.06.007
https://doi.org/10.1161/STROKEAHA.108.516328
https://doi.org/10.1016/S0140-6736(16)31325-3
https://doi.org/10.1001/archgenpsychiatry.2007.23
https://doi.org/10.1037/0021-843X.115.2.351
https://doi.org/10.1016/j.jbtep.2013.11.005
https://doi.org/10.1093/schbul/sbl051
https://doi.org/10.1016/j.bionps.2020.100016
https://doi.org/10.1016/j.psychres.2011.04.003
https://doi.org/10.1589/jpts.27.3929
https://doi.org/10.3390/brainsci7040042
https://doi.org/10.4088/PCC.09m00799gry
https://doi.org/10.1186/s12984-018-0461-0
https://doi.org/10.3389/fpsyg.2018.02120
https://doi.org/10.1186/s12984-017-0328-9
https://doi.org/10.3389/fneur.2012.00110
https://doi.org/10.1055/s-2005-864125
https://doi.org/10.1016/S0920-9964(99)00220-0
https://doi.org/10.5014/ajot.63.5.535
https://doi.org/10.1016/S0022-5371(67)80149-X
https://doi.org/10.1017/S0033291717001945
https://doi.org/10.1016/j.jbtep.2013.09.002
https://doi.org/10.1016/j.euroneuro.2020.05.002
https://doi.org/10.1038/s41582-020-0403-x
https://doi.org/10.1098/rstb.2009.0138
https://doi.org/10.1016/j.schres.2015.05.022
https://doi.org/10.1007/s40263-018-0494-8
https://doi.org/10.1177/1545968312449695
https://doi.org/10.1007/s00127-016-1245-0
https://doi.org/10.1016/j.gaitpost.2016.11.021
https://doi.org/10.1111/j.1468-1331.2009.02741.x
https://doi.org/10.1038/s41401-020-0373-y
https://doi.org/10.1038/s41401-020-0373-y
https://doi.org/10.1093/schizbullopen/sgaa020
https://doi.org/10.1093/schizbullopen/sgaa020
https://doi.org/10.1016/j.schres.2019.09.001


Pavlidou and Walther Movement Abnormalities in Schizophrenia Using VR

Frontiers in Psychology | www.frontiersin.org 7 January 2021 | Volume 11 | Article 607312

outcome after 6 months. Schizophr. Bull. 42, 1326–1333. doi: 10.1093/schbul/
sbw124

Walther, S., Kunz, M., Müller, M., Zürcher, C., Vladimirova, I., Bachofner, H., 
et al. (2020c). Single session transcranial magnetic stimulation ameliorates 
hand gesture deficits in schizophrenia. Schizophr. Bull. 46, 286–293. doi: 
10.1093/schbul/sbz078

Walther, S., and Mittal, V. A. (2017). Motor system pathology in psychosis. 
Curr. Psychiatry Rep. 19:97. doi: 10.1007/s11920-017-0856-9

Walther, S., Mittal, V. A., Stegmayer, K., and Bohlhalter, S. (2020d). Gesture 
deficits and apraxia in schizophrenia. Cortex 133, 65–75. doi: 10.1016/j.
cortex.2020.09.017

Walther, S., Stegmayer, K., Sulzbacher, J., Vanbellingen, T., Muri, R., Strik, W., 
et al. (2015). Nonverbal social communication and gesture control in 
schizophrenia. Schizophr. Bull. 41, 338–345. doi: 10.1093/schbul/sbu222

Walther, S., Stegmayer, K., Wilson, J. E., and Heckers, S. (2019). Structure and 
neural mechanisms of catatonia. Lancet Psychiatry 6, 610–619. doi: 10.1016/
S2215-0366(18)30474-7

Walther, S., and Strik, W. (2012). Motor symptoms and schizophrenia. 
Neuropsychobiology 66, 77–92. doi: 10.1159/000339456

Walther, S., Van Harten, P. N., Waddington, J. L., Cuesta, M. J., Peralta, V., 
Dupin, L., et al. (2020e). Movement disorder and sensorimotor abnormalities 
in schizophrenia and other psychoses  - European consensus on assessment 
and perspectives. Eur. Neuropsychopharmacol. 38, 25–39. doi: 10.1016/j.
euroneuro.2020.07.003

Walther, S., Vanbellingen, T., Muri, R., Strik, W., and Bohlhalter, S. (2013a). 
Impaired gesture performance in schizophrenia: particular vulnerability of 
meaningless pantomimes. Neuropsychologia 51, 2674–2678. doi: 10.1016/j.
neuropsychologia.2013.08.017

Walther, S., Vanbellingen, T., Muri, R., Strik, W., and Bohlhalter, S. (2013b). 
Impaired pantomime in schizophrenia: association with frontal lobe function. 
Cortex 49, 520–527. doi: 10.1016/j.cortex.2011.12.008

Weiss, P. L., Kizony, R., Feintuch, U., Rand, D., and Katz, N. (2014). “Virtual 
reality applications in neurorehabilitation” in Textbook of neural repair and 
rehabilitation: Medical neurorehabilitation. Vol. 2. eds. G. Kwakkel, L. G. 
Cohen., M. E. Selzer, R. H. Miller and S. Clarke (Cambridge: Cambridge 
University Press), 198–218.

White, T. P., Borgan, F., Ralley, O., and Shergill, S. S. (2016). You looking at 
me?: interpreting social cues in schizophrenia. Psychol. Med. 46, 149–160. 
doi: 10.1017/S0033291715001622

Whitty, P. F., Owoeye, O., and Waddington, J. L. (2009). Neurological signs 
and involuntary movements in schizophrenia: intrinsic to and informative 
on systems pathobiology. Schizophr. Bull. 35, 415–424. doi: 10.1093/schbul/
sbn126

Willingham, D. B. (1998). A neuropsychological theory of motor skill learning. 
Psychol. Rev. 105, 558–584. doi: 10.1037/0033-295x.105.3.558

Wulf, G., Höß, M., and Prinz, W. (1998). Instructions for motor learning: 
differential effects of internal versus external focus of attention. J. Mot. 
Behav. 30, 169–179. doi: 10.1080/00222899809601334

Yang, Y. -R., Tsai, M. -P., Chuang, T. -Y., Sung, W. -H., and Wang, R. -Y. 
(2008). Virtual reality-based training improves community ambulation in 
individuals with stroke: a randomized controlled trial. Gait Posture 28, 
201–206. doi: 10.1016/j.gaitpost.2007.11.007

Conflict of Interest: SW received honoraria from Janssen, Lundbeck, and Sunovion. 
AP declares no conflict of interest.

Copyright © 2021 Pavlidou and Walther. 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) and the copyright owner(s) 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.

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1093/schbul/sbw124
https://doi.org/10.1093/schbul/sbw124
https://doi.org/10.1093/schbul/sbz078
https://doi.org/10.1007/s11920-017-0856-9
https://doi.org/10.1016/j.cortex.2020.09.017
https://doi.org/10.1016/j.cortex.2020.09.017
https://doi.org/10.1093/schbul/sbu222
https://doi.org/10.1016/S2215-0366(18)30474-7
https://doi.org/10.1016/S2215-0366(18)30474-7
https://doi.org/10.1159/000339456
https://doi.org/10.1016/j.euroneuro.2020.07.003
https://doi.org/10.1016/j.euroneuro.2020.07.003
https://doi.org/10.1016/j.neuropsychologia.2013.08.017
https://doi.org/10.1016/j.neuropsychologia.2013.08.017
https://doi.org/10.1016/j.cortex.2011.12.008
https://doi.org/10.1017/S0033291715001622
https://doi.org/10.1093/schbul/sbn126
https://doi.org/10.1093/schbul/sbn126
https://doi.org/10.1037/0033-295x.105.3.558
https://doi.org/10.1080/00222899809601334
https://doi.org/10.1016/j.gaitpost.2007.11.007
http://creativecommons.org/licenses/by/4.0/

	Using Virtual Reality as a Tool in the Rehabilitation of Movement Abnormalities in Schizophrenia
	Introduction
	Movement Abnormalities in Schizophrenia
	The Ramifications of Movement Abnormalities
	Treatment Options for Movement Abnormalities
	Virtual Reality as a Tool for Motor Neurorehabilitation
	Discussion
	Future Outlook and Conclusion
	Data Availability Statement
	Author Contributions

	References

