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Abstract. Impairment in postural control is prevalent in patients with schizophre-
nia, and often limit occupational performance. Virtual reality (VR) has proven
its benefits for improving postural control and among schizophrenia population.
Remarkably, the effectiveness of a VR game-based intervention on postural con-
trol in this population has never been evaluated. The primary aim of this study is
to examine the effects and impact of VR on postural control parameters in patients
with schizophrenia. This is a single-blinded, randomised controlled trial with two
parallel groups. Thirty-four patients with schizophrenia are randomly assigned to
the virtual reality group (VR) or the inactive control group (CG). The intervention
consists of 3 30 min sessions for 4 weeks. Assessments are performed at baseline,
post-intervention and 1-month follow-up. The primary outcome is postural con-
trol. The center of pressure (COP) displacement and velocity in anteroposterior
(AP) and mediolateral (ML) directions are measured by PhyisoSensing pressure
platform. This study protocol comprises parameters that are thought to be crucial
to the success of the intervention. There are used objective and quantitative mea-
sures to evaluate the outcomes for effectively plan postural control interventions in
schizophrenia with more reliable and valid results. The results of the study will be
useful to clarify the effect of VR on postural control in patients with schizophrenia
and provide insight into the validity of this approach as an intervention technique. It
is expected that the results confirm the positive findings supporting the therapeutic
prospects of VR.

Keywords: Virtual reality · Postural control · Schizophrenia · Physical
rehabilitation

1 Introduction

Schizophrenia is a chronical severe mental disorder that affects 20 million people world-
wide. [1] Postural abnormalities are prevalent in patients with schizophrenia [2–5] and
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affect occupational performance [6, 7]. The first mentions to schizophrenia in the classi-
cal literature described the condition as dementia praecox, but Bleuler [8] rejected these
assumptions. He stated that schizophrenia “is not a disease in the strict sense but appears
to be a group of diseases […]” [9]. This is in line with recent findings.

Besides the core psychiatric symptoms, neurological soft signs (e.g., sensory inte-
gration, motor coordination, sequencing of complex motor acts, and primitive reflexes)
were identified in people with schizophrenia. [10–12] This appears to be consistent with
investigations that reportmotor functional abnormalities [13, 14]. Althoughmotor symp-
toms had been documented in the preneuroleptic era, [15] some studies have continued
to exclusively associate schizophrenia motor symptoms with antipsychotic treatment
effects [16, 17]. Currently, it is believed that motor abnormalities can be either intrin-
sic or antipsychotic drug induced [18–20]. This paradigm shift should have promoted
research in this field, considering the need for a better understanding of motor symptoms
in schizophrenia. Instead, they were broadly undervalued [14, 21].

The evolution of neuroimaging techniques has led to a new and deep understand-
ing of the motor symptoms, its etiology and impact on individuals. [4, 22, 23] As a
result, postural control appears as a more comprehensive and complex concept linked
to cerebellar dysfunctions [2, 20, 22, 24, 25]. The hypothesis of the importance of the
cerebellum for postural control dates back to the 1940s [26] and is now getting the atten-
tion of the scientific community. Imaging studies reveal that changes in the volume of
the cerebellum are correlated with poor postural control and sensory integration issues
[27–31].

Postural control aims to maintain an antigravity posture and balance, adjusting the
position and orientation of the corporal segments to interact with external perturbations.
To guarantee the immobilization of the center of mass, despite the external factors, it is
crucial to build a postural body scheme based on orientation and stability, integration
of multisensory inputs, and development of anticipatory reactions to recover balance
or postural stability [7, 32–35]. Without the interaction of postural control and limb
movement, it would not be possible to execute voluntary movements to complete daily
life tasks and activities [36–38]. Thus, it may threaten the individual’s independence,
affecting active and safe involvement in everyday occupations [7, 29, 36–41]. Given
the meaning of occupation to the process of Occupational Therapy [42] and its central
role in human life, [43] factors that limit engagement in occupation must be analysed.
Therefore, tools for the assessment and intervention of postural control in schizophrenia
play an important role.

The gold standard method to assess postural control is force-plate posturography,
with COP being a valid and reliable parameter that calculates several spatiotemporal
metrics. [44–46] Several studies have assessed postural sway using posturography in
patients with psychotic disorders. However, there is not a standard for assessment con-
ditions. It varies between a statistic and dynamic, eyes open and closed, open base and
closed base, hard or soft surface, and dual or single task [47].

Few interventions on people with schizophrenia have specifically targeted postural
control and none of them has used virtual reality (VR) as the intervention of interest. [48,
49] The therapeutic use of VR in mental health has not extended its potential beyond
the psychosocial, phobias and symptoms-focused interventions [50, 51]. Nevertheless,
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virtual reality has been proving to be an effective and rising intervention in schizophrenia
physical rehabilitation [52–56]. Studies using VR exercises revealed positive changes
in the COP parameters, balance, mobility, postural stability and other postural control
variables [48, 57, 58]. It is suitable and safe to use either in people with schizophrenia
or psychosis [59, 60]. VR creates an immersive, controlled and real-time experience,
gamifying the therapeutic environment. The patient feels like interacting in a parallel
world, being allowed to have an active role in his rehabilitation process [61]. This sense of
reality promotes skills acquisition and retention and induces functional recovery, which
represents a big advantage for the intervention goals [62]. Nevertheless, it is unknown
whether skills are transferable to the real world or not [61, 63, 64].

Considering the disruptive contribution ofVR interventions and the concomitant lack
of evidence regarding its application on postural control in schizophrenia, this study sets
out to determine the clinical effects of VR treatment on postural control in people with
schizophrenia.

Aims. The study aims to determine the effectiveness of a virtual reality game-based
intervention for improvement of postural control in patients with schizophrenia.

The primary hypothesis is that:

– Compared to the control group (CG), VR intervention will lead to an improvement
in postural control by decreasing COP displacement and velocity in anteroposterior
(AP) and mediolateral (ML) directions (post-intervention, 1 month).

The secondary hypotheses are:

– The benefits of VR will be maintained at follow-up (1 month).
– Intervention effects are correlated with body mass index (BMI), age and physical
activity.

Trial Design. The trial is designed as a single-blind parallel-group randomized con-
trolled trial that investigates the efficacy of a game-based virtual reality intervention on
postural control among people with schizophrenia. This is a quantitative, experimental
and analytical study. It intends to gather and analyse numerical data by using statistical
methods to predict the strength of the relationship between intervention and outcomes,
comparing two study arms. [65–68] Participants will be randomly assigned to the VR
group or inactive control group by an independent person who is not involved in the
recruitment, assessments, or intervention. Assessments of outcome variables will be
carried out at baseline, after 12 sessions and 1 month (follow-up) by an occupational
therapist, blinded to treatment allocation. A summary of the trial design can be seen
in Fig. 1. Flow chart of the study protocol. The protocol is described according to the
Standard Protocol Items: recommendations for Interventional Trials (SPIRIT) Checklist
for clinical trials [69].
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Fig. 1. Flow chart of the study protocol.

2 Methods

2.1 Participants

The trial participants will be patients with schizophrenia. The recruitment methods will
be via direct patient contact and seeking referrals to the trial from relevant clinical teams
(outpatient mental health services, clinics). A convenience non-probability sampling
method was chosen due to its ready availability and cost-effectiveness. Nevertheless,
cautionmust be taken regarding the statistical representativeness of this type of sampling
[70]. With the clinical team’s approval, if willing to take part of the study, patients are
approached by the research team to give them more information and verify if they met
the inclusion criteria (eligibility screening). After the confirmation of their participation,
written informed consent is obtained from all participants and anonymity is assured. The
study will take place in Physical Rehabilitation Laboratory at Porto School of Health.

Patients eligible for the trial must meet the following inclusion criteria: (1) adults
aged 18 to 64, inclusive, (2) clinical primary diagnosis of schizophrenia according to
DSM-5 criteria, (3) being clinically stable, (4) following simple verbal cues, and (5)
ability to walk and move without physical assistance. Patients are excluded if they: (1)
have a severe cognitive deficit (<10 points) rated by Mini-Mental State Examination
[71], (2) have a neuromusculoskeletal disorder or other comorbidities that may limit
global body movements, (3) present signals of overmedication, and (4) are receiving
concomitant interventions. All data collection will be coded with numbers to maintain
participant’s confidentiality, and records containing personal identifiers will be stored
separately.

The estimated sample size was calculated using the G*Power 3.1 version. The cal-
culation was based on the primary hypothesis. Hence, to test between-group and within-
time difference, it will be used a linear mixed model design (mixed ANOVA) at level α
= 0.05, estimating a medium effect size of f = 0.25, according to Cohen’s benchmarks
[72], to achieve a power of 1 − β = 0.8. The required sample size (n) amounts to 28
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participants with equal allocation to each arm of the trial. Enrolling more subjects to
the study is a recommended dropout compensation technique [73]. According to Forte
Research [74], the average dropout rate (d) across clinical trials is 18%. Thus, the total
sample size should be, approximately, n/(1 − d) ≈ 34 [73].

Allocation. A blocked randomization will be generated by r software using a 1:1 allo-
cation ratio. The randomization sequence designating the allocation group for each
participant is concealed in sealed opaque envelopes. These are only seen by the occupa-
tional therapist providing the intervention. The research assessor is blinded to treatment
allocation, but due to the nature of the study, participants and therapist cannot be blinded.

Intervention. Participants in the inactive control group are not receiving any intervention
so that the absolute effects of the intervention of interest can be estimated [75].According
to the Declaration of Helsinki [76] “the use of no intervention is acceptable if it is
necessary to determine the efficacy or safety of an intervention”. However, CGwill have
post-trial access to the intervention if proved to be effective.

The VR group will begin the intervention right after the assessment phase. VR
group will participate in 3 sessions with 30-min per week for 4 weeks (12 sessions)
of a VR game intervention with Beat Saber. The software is freely available on Steam
and no alterations were made to the original game content for the intervention. The
game will run through the Steam software on a computer connected to a head-mounted
display (HMD) andmotion controllers. During the intervention sessions, a mental health
occupational therapist will be in the VR CAVE with the participant. The therapist will
help the participant to put on the HMD and start the game.

The Beat Saber is a rhythm game that combines motor coordination with cognitive
flexibility. The goal is to slash the beats of the selected song, represented by small cubes of
two different colors, as they come at the person. Each cube indicates which saber (motion
controller) to use, according to the color, and the direction to match. Also, in some game
levels, participants must move from left to right to avoid the oncoming obstacles. The
game can be individualized in terms of difficulty, for example by adjusting game level,
music selection, the amount of real-time verbal feedback or simultaneous tasks. A first
exploratory session should be performed to set the appropriate game level for each
participant and promote their adaptation. The following sessions start at the last level
played. The game progress should consider consistency session to session on a certain
level. The therapist records the setting and performance of each participant. Intervention
can be modified in response to harms or participant’s request. This may involve pauses
and game management, for example by selecting the appropriate game level (even if
it does not correspond to the actual participant’s game level). The intervention will
be discontinued if the participant attends less than 50% of the VR sessions or starts
any concomitant intervention during the trial. The research team will not provide any
treatment other than the intervention of interest.

To promote adherence to the intervention, the therapist can give relevant information
so that participants understand their key role in the trial and its contribution to themselves.
Additionally, researchers can strengthen their relationship with participants or their clin-
ical teams, by sending timely emails about intervention schedule and assessments orwith
research-related information [77, 78].



Virtual Reality to Improve Postural Control in Patients with Schizophrenia 389

Outcomes. The groups are assessed at baseline to compare demographic and clinical
features between CG and VR group and assure two similar comparison study arms. If
the two groups have similar characteristics at baseline, the difference in outcomes can
thus be attributed to the intervention given to the experimental group [79]. To determine
the effect of VR intervention, mean changes from baseline in body sway parameters
are analysed. The variables of interest are mean AP and ML COP displacement and
mean COP velocity because these are broadly used time-dependent parameters to assess
postural function [44, 80, 81]. The participants are asked to stand barefoot on the pressure
platform and are requested to perform 8 different conditions varying in visual input, the
base of support and single or dual-task (n-back task): (1) eyes open, base open, single
task (EOBOST); (2) eyes open, base open, dual task (EOBODT); (3) eyes open, base
closed, single task (EOBCST); (4) eyes open, base closed, dual task (EOBCDT); (5)
eyes closed, base open, single task (ECBOST); (6) eyes closed, base closed, single task
(ECBCST); (7) eyes closed, base open, dual task (ECBODT) and (8) eyes closed, base
closed, dual task (ECBCDT). Data is recorded for three trials in each condition, during
60 s, of which will be analysed the most stable 30 s. There will be a 60 s break between
each trial. The primary outcomes are assessed at baseline, post-intervention and 1-month
follow-up (Table 1).

Table 1. Standard Protocol Items for Interventional Trials (SPIRIT) schedule of enrolment,
interventions, and assessments.

3 Data Collection and Management

Demographic and clinical measurements are assessed by a sociodemographic question-
naire containing the information presented in Table 2. This is a structured questionnaire
that focuses on specific questions, limiting the range of responses. This is a way of reduc-
ing rater and participant bias by avoiding interaction-dependent responses [82]. Postural
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control is assessed using PhysioSensing by Sensing Future Technologies. It is a bal-
ance and pressure platform indicated for physical or vestibular rehabilitation and sports
medicine that quantifies COP, sway, weight distribution and pressure map. The 19.0.1.0
version software records data at a sampling rate of 100 Hz and exports all the measure-
ments. Participants are assessed using the Body Sway protocol that can be personalized
with multiple conditions. The results provide a pressure map, three statokinesigrams,
two stabilograms and two spectral analyses (anteroposterior and mediolateral). A clini-
cal report with raw COP data can also be generated. The COP parameters obtained are
ellipse area, COP displacement, mean COP in both directions and its standard devia-
tions, mean velocity, and root mean square. The COP is an important posturography
parameter [83], and can be clinically monitored using a pressure mapping system [84]
like PhysioSensing. As shown in a systematic review [47], a great number of studies
uses posturography to assess postural sway in psychotic disorders, making it relevant to
assess our target population. Furthermore, this tool ensures validity and reproducibility
[85]. Using such an objective instrument for data collection and experienced assessors
contributes to reducing rater bias [82].

Table 2. Baseline demographic and clinical variables

Demographic variables 

Age 
Gender
Anthropometric variables 
Height (cm)
Weight (kg)
BMI (kg/m2)

Clinical Variables 
Regular medications 
Co-morbidities 
Time since diagnosis (years)
Psychiatric hospitalization report, prior 12 months
Psychiatric hospitalization report, prior 6 months
Others
Hours of physical activity per week
Type of physical activity (aerobic, strength, flexibility, balance)

To maximize participant retention, efforts must be made to follow the participant
during the entire study period. They should be timely informed about the schedule and
assessments using all available contact methods. Local services who interact with the
study population should also be informed about the study, to collaborate in the retention
process, showing their support to participants. When scheduling the follow-up visits,
first visits must be planned for those demonstrating late or missed appointments to
allow time for rescheduling if needed. The team members are required to explain the
importance of participant’s involvement and compliment their valuable contribution and



Virtual Reality to Improve Postural Control in Patients with Schizophrenia 391

effort dedicated to the study. In case of withdrawal, the participant must be welcomed
back if he wishes to have any further contact. Guarantee participant’s confidentiality is
also a method of retention. [86–88] In this study, data is collected in the appropriate
paper forms and then coded and entered electronically by double data entry. The paper
forms are kept in a locked cabinet for at least 10 years after completion of the study [89].
All data management is under the responsibility of the researcher.

4 Statistical Methods

Descriptive statistics to describe patient’s characteristics will be presented by means,
medians and standard deviations for continuous numeric variables, and by frequency
tables for qualitative data. To compare baseline values within randomized groups, an
inferential analysis will be presented. If data are close to a normal distribution, deter-
mined by the Shapiro-Wilk test, and groups have equal variance, it will be used an
independent samples t-test for quantitative or ordinal data. If these assumptions are
not met, it will be used the non-parametric equivalent, the Mann-Whitney U test. A
chi-squared test (X2) is used to compare the distributions of qualitative variables.

The primary hypothesis will be tested using a repeated measures mixed effect anal-
ysis of variance (ANOVA), with time (pre-intervention, post-intervention, follow-up)
as the within-subjects factor and VR (experimental vs control group) as the between-
subjects factor. The mixed-effect model will have the outcome as the response vari-
able, randomised group, baseline scores, and time points as fixed effects, as well as the
interaction between time and randomized group, to estimate the intervention effect at
all moments. To improve individual predictions, a patient-specific random intercept is
considered [90]. To use a repeated measures design, four assumptions [91] need to be
satisfied: 1) the independent variable must be categorical with 3 or more levels, and the
dependent variable must be on interval or ratio scale; 2) observations from different par-
ticipants must be independent of each other; 3) data must follow approximately normal
distribution and should not have outliers; 4) variances of the differences between all pairs
of repeatedly measured dependent variables are equal (sphericity). If repeated measures
test assumptions are not violated, a repeated-measures ANOVA reduces statistical error,
increasing the value of the F-statistic, which leads to an increased test power to identify
significant differences between means [92, 93]. Also, fitting a mixed effect model to
the repeated measures increases analysis flexibility (e.g., accounting for missing data)
[94]. For the first secondary hypothesis, to compare the effect of VR in the experimental
group at post-intervention and follow-up, a paired-samples t-test is conducted if data
are normally distributed, observations are independent, and variances between the two
samples are the same. In alternative, it is used the non-parametric equivalent Wilcoxon
signed-rank test. For the other secondary hypothesis, before performing the Pearson r
correlation coefficient, data must be analysed in a scatterplot to determine if there is a
possible linear relationship. If it exists, Pearson’s correlation can be performed only if
variables are normally distributed. The non-parametric equivalent to measure the degree
of relationship between physical activity (hours per week), BMI and age, and postural
control (COP measures) is the Spearman rank correlation (ρ). For all tests, results are
considered significant when P value < 0.05.
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Both per-protocol (PP) and intention-to-treat (ITT) analysis are conducted. In the
PP analysis, to estimate the VR effect under optimal conditions, patients who do not
complete the study protocol (e.g., follow-up loss) are excluded.Whereas the ITT analysis
includes every subject randomized unless no treatment has been applied or there are no
existing data following randomization. Depending on the context (e.g., data missing at
random or not), different approaches can be implemented to deal with missing data.
It may vary between complete case analysis, simple/multiple imputations, impute to a
constant value or last observation carried forward [95, 96].

The principal investigators have full access to the final data sets which will be pro-
tected with a password. Other team members should only access the files by request.
Participant’s confidentiality is settled by attributing a code to any identifying participant
information.

Given the low-risk profile and relative short duration of the intervention, we do not
plan to execute an interim analysis.

5 Supervising and Monitoring

Due to the size and nature of this study, a data monitoring committee was not assumed to
be mandatory. There is no planned interim analysis. Adverse events occurring in the trial
period related or not to the VR treatment (e.g., sickness, dizziness, pain, falls, nausea,
headaches) are registered [76] and, in case of a serious adverse event, intervention will
be discontinued to the participant.

6 Discussion

For the author’s knowledge there are currently no published studies on postural control
with VR as a treatment for patients with schizophrenia. This study is important because
consistent findings prove altered postural control in patients with schizophrenia, which is
expected to affect their daily living [2, 3, 5–7, 97]. With this intervention positive results
are expected, supporting the advantage of the therapeutic prospects of this technology.
It is believed that VR can be a protective factor from dropouts and improve patient’s
adherence as the VR game-based intervention is based on a goal-directed task and has a
lot of potential to provide a dynamic, active, and non-monotonous treatment, therefore
contributing to the effectiveness of the intervention [51, 98–102]. The multiplicity of
game options and the real time feedback provided increase motivation and it is crucial
to skills transfer [103]. This is also a dual task-based intervention that could improve
both motor and cognitive performance, which is particularly interesting given the role
of attentional resources to regulate posture [104–107]. Plus, the VR environment is rich
in multisensory stimulation. It offers a realistic experience [108] that focuses on the
extrinsic factors of postural control, inducing postural responses and repetition that can
result in an effective method for postural stability training [109, 110]. But the richness
of the VR intervention also establishes a duality. While on the one hand it has many
potential benefit ingredients, on the other, using an inactive control group does not
permit making inferences about what specific ingredients contribute to the effectiveness
of the intervention. To fill the gap between estimating absolute and relative treatment
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effects, this study should provide effect size estimates [111]. Other implication of a no
treatment control is the unblinding of the subjects. This can result in expectation bias
as the intervention group may expect benefit, and control group expect lack of benefit,
influencing outcomes [112]. This is more relevant in trials with subjective outcomes.
Other concerns may be due to ethical considerations. A control group should not be
left untreated if a standard or accepted treatment exists. Otherwise, it is recommended a
placebo control [112].

Confounding bias is also extremely important in studies of efficacy and could repre-
sent limitations of the study [113]. It should be guaranteed that postural control improve-
ment is due to the intervention, and that other reasons could not account for a difference.
To deal with confounding, all potential confounding factors (e.g., time of the day of
the assessment, energy/concentration/fatigue levels, changes in medication) must be
measured, assessed and reported [113].

Other potential limitation of this study protocol is the loss to follow-up, that can
severely compromise the validity of the study [114]. But this study protocol has
elaborated precautions to minimize this situation.

Regarding the chosen assessment method, there should be careful while interpreting
the results because the low frequency (100 Hz) of the pressure platform may lead to
missing and less accurate data [115]. Still, it allows the creation of a personalized protocol
to quantify several characteristics of postural control [116]. Other advantage of the
pressure platform is that it is easy to use because it is portable, allowing its use in
settings other than the laboratory.

With regards to the study results, according to a study, it is expected that males
achieve better results than females in the same time frame because some females require
more training to accomplish effects of VR [110]. However, VR gender specific effects
are not frequently reported in literature. Furthermore, neither baseline postural control
measures do not even indicate gender-based differences, but rather age-related changes
[7, 117–120]. Other differences may be related with physical activity [56] and BMI
[121–123]. The efficacy of the intervention depends not only on the training intensity
but also on task-specificity, feedback and motivation [124]. Unfortunately, reviewed VR
studies show great variability of training intensity, duration and frequency [54, 125].
Further research is necessary to find whether the amount of training planned in this
study protocol is the optimal dosage of training to achieve the desired outcomes for this
population.

In conclusion, the present study provides a useful base to learn and examine imple-
mentation issues of VR in schizophrenia and determine the effectiveness of VR to
postural control in this population.
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