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Abstract: Parkinson’s disease is the second most common neurodegenerative disease after Alzheimer’s.
Patients with PD experience motor disturbances, postural instability, gait disturbances, and balance
disorders, causing a high risk of falls. Virtual reality (VR), as one physiotherapy intervention, can be
an option to prevent the prevalence of accidental falls. In this literature review, the authors selected
five papers to examine the effectiveness of VR in reducing fall risk in PD and its limitations. The
results show a decrease in the risk of falling in PD, which was assessed using several parameters.
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1. Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative disease. Pathologically,
PD is defined as reduced dopamine due to the degeneration of dopaminergic neurons
in the substantia nigra pars compacta (SNc) and the presence of Lewy bodies. Lewy
bodies are a collection of insoluble alpha-synuclein proteins [1]. In PD, the damage to
the dopaminergic neurons of the substantia nigra is more than 60%, and the level of the
neurotransmitter dopamine is reduced from the physiological minimum. When dopamine
levels decrease, the subthalamic nucleus will overstimulate the globus pallidus internus
(GPi) to compensate. Then, the GPi will over-inhibit the thalamus. Both will cause under-
stimulation of the motor cortex [2].

PD is the most common neurodegenerative disease after Alzheimer’s, affecting 2-3%
of the population over 65 years [3,4]. Based on data from the Central Statistics Agency
of Indonesia in 2015, as many as 200,000 out of 20 million elderlies, or around 0.01%,
experienced PD. The number is expected to increase by approximately 75,000 annually [5].
Along with life expectancy, the incidence of PD will increase [2].

Parkinson’s disease is diagnosed by the typical symptoms of PD based on the physical
and neurological examination findings. In addition, supporting examinations such as
Magnetic Resonance Imaging (MRI) and brain ultrasounds are used as diagnostic tools.
Symptoms experienced by PD patients include both motor and non-motor symptomes.
These motor symptoms include resting tremors, bradykinesia, rigidity, loss of coordination,
gait disturbances, balance disorders, and postural instability. Non-motor symptoms in-
clude sensory disturbances, sleep behavior disorders, autonomic disorders, and behavioral
problems [6-8].

Motor impairment in PD patients may lead to an increased risk of falls, two to threefold
compared to healthy elderly populations [6,7]. As many as 45-68% of patients with PD
experience frequent falls each year, and two-thirds experience repeated falls, resulting in
injury, activity limitations, a decreased quality of life, and even death [9]. Furthermore,
20-30% of the elderly with a high disability due to falls lose their freedom to carry out
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activities of daily life. Thus, preventing falls among the elderly is essential to avoid
impacting quality of life [10].

Previous studies examined the effectiveness of various physiotherapy strategies in
improving motor function and reducing the risk of falls for patients with PD. Treatment
can be tailored to the individual needs, including treadmill training, overground walking,
cycling, cueing techniques, cognitive movement strategies, and balance exercises [6,11]. In
addition, virtual reality is believed to be an option.

Virtual reality (VR) is a computer software application in the form of a visual simu-
lation that imitates an environment or the real world, where users can interact through
actual actions. VR is distinguished based on the user’s level of immersion or realism. The
level of immersion or realism is measured by the sensory and motor range connected to
the VR environment [12]. VR is divided into three types: immersive, semi-immersive,
and non-immersive. In the rehabilitation of PD patients, VR is used for walking exercises
and proprioceptive, vestibular, and cognitive training [7]. VR can improve balance and
functional capacity, reduce risk, increase self-confidence, and improve the quality of life of
PD patients [13]. Therefore, this literature review will examine the effectiveness of VR in
reducing the risk of falls in PD patients and explain its advantages and limitations, as well
as the type and doses used.

2. Methods

This study is a literature review carried out from January to May 2022 through PubMed,
Scopus, and ProQuest databases. The literature search strategy used to find articles uses
the PICO framework. The keywords used in the literature search were Parkinson’s OR
Parkinson’s disease OR Parkinsonism OR Paralysis Agitans OR Shaking palsy AND Virtual
reality OR Virtual realities OR VR AND falls. Furthermore, the articles were critically
appraised using an appraisal instrument called JBI Critical Appraisal Tools. Meanwhile,
we synthesized data using a simplified approach.

3. Results

The data collection used the PRISMA (Preferred Reporting Items for Systematics
Review and Meta-Analysis) method (Figure 1). The critical appraisal assessment was con-
ducted on seven published journals, showing that two journals did not meet the inclusion
criteria. Five journals were obtained for which data synthesis would be carried out. Table 1
shows the articles that were included and excluded after critical appraisal.

The article by Van der Kolk et al. was excluded as the outcome, and the procedure
for intervention was not described. The report by Kashif et al. was excluded because the
treatment group was given unequal treatment rather than the research intervention.

All inclusion articles have a randomized controlled trial (RCT) study design with a
level of evidence 1B, which is the highest level of study after a systematic review. The
research locations are mostly in European countries, namely, Italy and Belgium. Bekkers
et al.’s research took place in Belgium, Feng et al.’s study in China, and the other three
articles in Italy.

Each article has varied numbers and types of participants. The participants” demo-
graphics ranged in age from 60 to 90 years, while the stage of PD assessed by Hoehn and
Yahr ranged from stage II to IV. Stages II-IV show symptoms of mild to moderate PD.

The VR interventions in the five articles used different types, namely, immersive, and
non-immersive types. The doses given in the studies also varied, between 6 and 12 weeks
with 3-5 x/sessions and a duration of 40-50 min per session. Table 2 shows the methods
and dosages of the interventions given.
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Figure 1. PRISMA Flow Diagram.

Table 1. Articles of inclusion and exclusion.
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Authors Year Inclusion/Exclusion
Pelosin et al. [14] 2020 Inclusion
Feng et al. [15] 2019 Inclusion
Pazzaglia et al. [16] 2020 Inclusion
Bekkers et al. [17] 2020 Inclusion
Gandolfi et al. [18] 2017 Inclusion
Van der Kolk et al. 2019 Exclusion
Exclusion

Kashif et al. 2022
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Table 2. Intervention and Dose.

Authors Intevention Dosage
Pelosin et al. [14] VR non-immersive: treadmill 6 weeks, 3 x/week,
' training+virtual reality (TT+VR) 45 min/session
VR immersive: balance and walking 12 weeks, 5 x/weeks,
Feng et al. [15] . . .
exercise 45 min/session
. VR immersive: coordination and 6 weeks, 3 x/weeks,
Pazzaglia et al. [16] . . .
postural control exercise 40 min/session
VR non-immersive: treadmill 6 weeks, 3 x/weeks,
Beldkers etal. [17] training+virtual reality (TT+VR) 45 min/session

7 weeks, 3 x/weeks,

Gandolfi et al. [18] VR non-immersive: Nintendo Wii . .
50 min/session

The assessment of the risk of falling in PD used different parameters, including
the number of falls, the Berg Balance Scale (BBS), the Timed Up and Go Test (TUGT),
and the Mini-Balance Evaluation System Test (Mini-BEST). Table 3 shows the assessment

parameters used by each article.

Table 3. Parameters.

Authors Parameter
Pelosin et al. [14] Number of falls and short-latency afferent inhibition (SAI)
Feng et al. [15] BBS and TUGT
Pazzaglia et al. [16] BBS
Bekkers et al. [17] Mini-BEST
Gandolfi et al. [18] BBS

The articles reviewed were filtered by the differences in the provision of interventions
in the treatment groups and the control groups, as well as by the research results and
research methods used, as seen in Table 4.

Table 4. Article Screening.

Article Treatment Group Control Group Results
Pelosin etal. [14] 17 subjects; TT+VR 22 subjects; TT BOth groups experienced improvement, but subjects
in the treatment group showed better results
Feng et al. [15] 14 subjects; VR 14 subjects; conventional Both groups experienced improvement, but subjects
therapy in the treatment group showed better results
. . 26 subjects; conventional Both groups experienced improvement, but subjects
Pazzagliaetal. [16] 25 subjects; VR therapy in the treatment group showed better results

Bekkers etal. [17] 62 subjects; TT+VR 59 subjects; TT Both groups experienced treatment, but subjects in
the treatment group showed better results

38 subjects; Sensory
Integration Balance
Training (SIBT)

Both groups experienced improvement, but subjects

38 subjects: VR
in the control group showed better results

Gandolfi et al. [18] Nintendo Wii

4. Discussion

PD is a neurodegenerative disorder that affects dopaminergic function and several
neurotransmission systems, one of which is the cholinergic system [14]. The cholinergic
system plays a vital role in controlling attention and discriminating stimuli. Thus, dysfunc-
tion of the cholinergic system can increase the risk of falling. It can be assessed through
the activity of short-latency afferent inhibition (SAI), which is a picture of sensorimotor
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interactions through stimulation of the peripheral nerves. Peripheral nerve stimulation
activates cholinergic neurons, so the inhibitory response to cortical activity can be assessed.
The more significant the inhibition of SAI, the better the performance of the complex
walk [15-17]. SAI results are predictors of changes in dual-task gait regardless of cognitive
status and can be used as a parameter to assess fall risk [18]. It can be measured using
transcranial magnetic stimulation (TMS), a neurophysiological tool to examine the integrity
of the corticomotor pathway in various diseases associated with motor dysfunction [19].

In this literature review, the authors found that providing exercise through VR ef-
fectively reduced the risk of falling in PD. A study conducted by Pelosin et al. showed
a significant reduction in the risk of falling, as seen by a decrease in the number of falls
and the average results of short-latency afferent inhibition (SAI). In contrast, in the control
group, there was no change in the mean SAI results and the number of falls [17].

The findings align with the results of a study by Severiano et al. that showed the use of
VR in rehabilitation to reduce the risk of falls in PD patients is compelling. VR can train brain
responses and behavior through the complex motor—cognitive interactions created during
exercise. Complex motor-cognitive interactions can increase neuroplasticity and better
motor learning compared to repetitive motor tasks without variation [7]. The mechanism
of plasticity in the learning process in PD patients is dependent on external feedback. The
visual feedback through the device will allow patients to sense their position and direction
of movement. The feedback will improve a patient’s behavior, maintain enthusiasm, and
provide an excellent emotional experience to motivate them to continue practicing.

In addition, VR can also improve the patient’s cognition through the preparation of a
different environment at each stage of the game so that with many experiments, patients
can acquire skills in the VR world and apply them in the real world. VR games also improve
the patient’s posture stability by increasing the vestibular organs’ interaction ability and
practicing static and dynamic postural control [20].

Components such as vision, proprioception, and the vestibular system influence bal-
ance. Thus, VR can stimulate sensorimotor and cognitive so that balance can be maintained.
The research shows that freezing of gait (FOG) and walking disorders can be treated by
providing interventions that combine cognitive and motor tasks. Practice with VR will
train patients to focus on obstacles that will cause tripping [21]. These five articles show
that the minimum effective dose for VR training is 6-12 weeks, with 3 to 5 weekly ses-
sions for a duration of 45-50 min per session, focusing on balance training and walking
exercises [17,20-23].

All PD patients studied in the five articles had mild to moderate stages, namely,
Hoehn and Yahr, II-IV. According to the study by Pazzaglia et al. and Gandolfi et al,,
PD patients with severe balance or cognitive disorders were a limitation to using VR. PD
patients with severe symptoms or stages are not recommended to use VR because it is
unsafe for patients [22,23]. The use of VR in mild to moderate stages of PD can improve
the mechanism of neuroplasticity so that there is an improvement in motor disorders
through motor relearning. Neuroplasticity and connectivity can occur at corticocortical
and thalamocortical levels, including the tissues associated with the basal ganglia pathway.
Taking advantage of this neuroplasticity mechanism in severe PD is difficult, as severe
balance and cognition disorders can affect the learning process. Although VR has been
shown to reduce the risk of falling through improved balance and gait, it is unclear whether
there is a reduction in progression in PD [6].

Although the five articles reviewed showed promising results in reducing the risk
of falling in PD patients, the article by Gandolfi et al. comparing VR intervention with
sensory integration balance training (SIBT) showed better and more maintainable BBS
scores after one month of follow-up in the SIBT treatment group than in the VR group.
This result is suspected as Nintendo Wii Fit’s VR workouts focus on balance exercises that
include weight-shifting exercises, symmetrical footwork, and controlled movement close
to stability limits in high repetitions. Meanwhile, the exercise provided focused less on
postural control caused by destabilization. Therefore, the comparison between the effect of
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VR and SIBT interventions in reducing the risk of falling in PD should be studied further in
subsequent studies [22].

5. Conclusions

This literature review recommends that VR interventions reduce the risk of falling
in PD. The VR exercises can be immersive or non-immersive, with games that focus on
balance training and walking activities tailored to the needs of each patient. Supervision by
a physiotherapist is essential to keep the patient safe during training sessions. Although
proven effective, VR has limitations in PD patients with balance disorders and severe
cognitive impairment because it will be dangerous for the patients.
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