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Abstract: Persistent and inconsistent unsteadiness with nonvertiginous dizziness (persistent postural-
perceptual dizziness (PPPD)) could negatively impact quality of life. This study highlights that the use
of virtual reality (VR) systems offers bimodal benefits to PPPD, such as understanding symptoms and
providing a basis for treatment. The aim is to develop an understanding of PPPD and its interventions,
including current trends of VR involvement to extrapolate and re-evaluate VR design strategies.
Therefore, recent virtual-reality-based research work that progressed in understanding PPPD is
identified, collected, and analysed. This study proposes a novel approach to the understanding
of PPPD, specifically for VR technologists, and examines the principles of effectively aligning VR
development for PPPD interventions.

Keywords: persistent postural–perceptual dizziness; protocol; virtual reality

1. Introduction

Before persistent postural–perceptual dizziness (PPPD) was classified as a disorder,
scientists had investigated the related dizziness symptoms, their factors, triggers, and
treatments, which were related to vestibular dysfunction and balance problems. It all started
with the discovery of phobic postural vertigo (PPV) in 1986 [1]. Symptoms were reported
by oscillating unsteadiness and nonvertiginous postural dizziness,which were triggered
by exposure to crowded external environments. Further research found that PPV was a
neurological condition with behavioural attributes such as anxiety and mild depression,
and ruled it out as a psychiatric disorder. PPV was later categorised as chronic subjective
dizziness (CSD) in the 2000s [2]. Later, space-motion discomfort (SMD) symptoms were
identified as overlapping factors with PPV and CSD [3]. In 2010, scientists globally started
conducting investigations in collecting the core features of the above disorders along with
visual vertigo [4,5]. Moreover, the Barany Society reached a consensus that PPPD includes
core features described in the above-mentioned syndromes, including postural sensitivity.
In 2017, the World Health Organization included PPPD in the list of diagnoses in the
International Classification of Diseases (ICD-11) [5,6]. PPPD is a described as dizziness,
nonspinning vertigo, and/or unsteadiness that persist for 3 months or more due to a
mismatch in sensory stimuli triggered by active or passive motion, complex visual and
active or passive motions [7–9]. To understand whether one is suffering with PPPD, the
Barany Society criteria must be met (see Table 1).

This study underlines the embodiment of improved and robust VR design principles
for PPPD assessments and treatments. With the conducted investigation and highlighted
areas of focus, VR technologists could identify gaps and advise better on VR-based de-
sign and development strategies for exposure therapy, which would sync well with the
requirements entailed by therapists (Figure 1).
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Table 1. Criteria for diagnosis of persistent postural–perceptual dizziness [6,8].

1 Symptom(s) of (nonvertiginous) dizziness, and sensation of swaying or nonspinning
vertigo for 3 months or more.

2
Presence of persistent dizziness symptoms that could be aggravated by (1) upright
postural position, passive and active motion with respect to surroundings;
(2) continuous exposure to complex static or dynamic visual patterns or stimuli.

3
Disorder starts shortly after an event that causes acute vestibular symptoms or
balance problems, neurological or medical illness, and psychological distress (which
is rare), and develops slowly.

Figure 1. Bridging knowledge gaps of PPPD for VR technologists.

2. Understanding Existing Interventions as VR Technologists

PPPD is a recent classification with limited research conducted on the efficacy of con-
ventional vestibular rehabilitation approaches. Therapeutic approaches need to understand
and treat PPPD while considering the core principles. The steps would be the accurate
diagnosis of symptoms of PPPD, followed by clinical advice for medication, healthy dietary
habits, psychotherapy, and vestibular rehabilitation therapy.

To understand how VR technologists could improve or introduce strategies that
continue to benefit PPPD patients in improving their symptoms, we cover the important
findings of various therapies. The summaries below highlight the effects of each therapy
including numbers of participants involved in each study as a benchmark for future
research experiments.

2.1. Medication for Functional Dizziness and Possible VR Development Direction

It is important for VR technologists to be aware of the role of medication as therapy
for functional dizziness. The details here would pave way to cautious decision making for
creating a suitable VR environment in consultation with therapists that could support the
importance of having medication and/or exposure in the real-world simulated environ-
ment. Research studies showed that most chronic subjective dizziness patients have felt a
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reduction in dizziness and unsteadiness by taking selective serotonin reuptake inhibitors
(SSRI) and serotonin–norepinephrine reuptake inhibitors (SNRI) [10]. Subjective chronic
dizziness is one of the main predecessors of PPPD. Patients are treated with the two antide-
pressant medications above in open-label clinical trials supported by multiple perspectives.
There were no randomised clinical trials in this research. One study investigated SSRI
medication efficacy on patients with dizziness irrespective of having neurotologic illness.
Patients were diagnosed with major or major or minor psychiatric disorders (n = 40) [11].

No significant difference was observed in the response between patients with fewer
and those with major psychiatric symptoms. Along with patients with psychiatric disorder,
patients with coexisting peripheral vestibular problems or migraine issues improved more
than patients with a deficit central nervous system did. In another study on the longitudinal
pattern of patients’ symptoms and the efficacy of SSRI treatment, 88 patients were treated
with SSRIs between 1998 and 2003 [2]. They entered SSRI treatment after extensive detailed
neurologic and psychiatric assessments, which revealed symptoms of chronic subjective
dizziness (CSD) with accompanying anxiety. They observed that patients with notable
anxiety prior to neurologic illness might need more thorough treatment compared to
patients with primary neurologic conditions and continuous anxiety disorders or patients
with only anxiety issues. Therefore, patients with significant anxiety predating neurological
issues may require comparatively more intensive therapy [12]. It would be a vital for VR
technologists to seek how and what sort of VR environment could further facilitate effective
medication therapy.

2.2. Cognitive-Behavioural Therapies for Functional Dizziness and Possible VR Development Direction

VR exposure has the ability to create environments that could immerse a user in
a world of their choice. With artificial intelligence (AI) systems such as chatbots and
avatars, VR development has taken immersion to the next level, where users connected
well with the virtual character [13–15]. This section provides VR technologists with the
necessary background research of CBT on functional dizziness, including the number
of participants involved in the experiments. There is very limited research in cognitive-
behavioural studies for treating functional dizziness. Holmberg et al. studied how effective
CBT is by adding the therapy to self-administrated vestibular rehabilitation for patients
with PPV [16]. Patients (n = 39) showed some short-term improvement in symptoms. In
the 1-year follow-up study (n = 20), these improvements were not sustained. Later, a
study focused on cognitive-behavioural therapy (CBT) involving 41 patients with CSD [17].
They were categorised in either a waiting-list group (n = 21) or a treatment group (n = 20).
Treatment was given during three weekly sessions. With just three sessions of psychological
intervention, dizziness-related symptoms were significantly reduced. Another follow-up
study conducted research on thee long-term benefits of CBT, and concluded that the therapy
resulted in improvement between 1 to 6 months [18]. A pilot study also showed that patients
had experienced normalisation in their postural behaviour [19]. Although there is limited
direct evidence of improvement, patients may receive help with noticeable fear of dizziness
or falling by going through CBT [20]. Moreover, clinical experience recently backed reports
suggesting the use of variety of interventions including CBT, medication, and vestibular
rehabilitation, depending on the patient’s need and treatment preferences. We see potential
for bringing virtual avatars or chatbots into cognitive-behavioural therapies (CBT) along
with interactivity with different levels of immersion.

2.3. Vestibular Rehabilitation Therapies for Functional Dizziness and Possible VR
Development Direction

Researchers found significant improvements with immersion and interactive virtual
environments that could replace conventional vestibule therapy regarding self-report and
performance measures [21–23]. Evidence existed that supported the effectiveness of vestibu-
lar rehabilitation for a variety of vestibular conditions, and suggested further research for
long-term improvement [24]. The therapy addresses key issues of functional dizziness
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patients by (1) enhancing gaze stability, (2) enhancing postural stability, (3) improving
vertigo, and (4) improving activities of daily living [25]. This therapy facilitates vestibular
recovery mechanisms, including vestibular adaptation, substitution, and habituation. The
consulting neurologist recommends appropriate therapy tailored to the needs of patients
with PPPD. Moreover, studies showed that vestibular therapy promoting habituation is
most appropriate for patients with PPPD [26,27]. A study on the efficacy of vestibular
rehabilitation, specifically for PPPD patients, was conducted in 2014 and concluded that
vestibular rehabilitation reduces the severity of vestibular symptoms by around 60% to
80%. To understand the habituation forms of VBRT, research was conducted including a
retrospective chart review and phone survey of 26 patients over 27.5 months after receiving
details about PPPD and direction for home-based vestibular rehabilitation programs [28].
Results showed that a vestibular habituation exercise programme was helpful for the
majority of PPPD patients. The study was the important first step in determining the
effectiveness of using habituation exercises for treating individuals with PPPD. It also
concluded that there is a long-term clinical benefit of the techniques for PPPD patients,
including exhausting abnormal reflexive responses to motion and reducing patients’ sen-
sitivity towards visual stimuli. Pavlou et al. conducted a randomised trial study where
60 participants with chronic peripheral vestibular symptoms were divided into treatment
groups for OptoKinetic stimuli (OK) training, namely, full-field visual environment rotation
(group OKF, n = 20), supervised (group OKS, n = 20), or unsupervised (group OKU, n =
20) [29]. Participants had weekly sessions and were advised customised home exercises
using the DVD provided during the experiment. No significant group differences were
found at either the baseline or postinterventions. All groups showed significant within-
group improvements for vestibular (i.e., light-headedness), visual vertigo, and autonomic
symptoms. Vestibular rehabilitation in combination with cognitive-behavioural therapy
(CBT) significantly improved dizziness symptoms in a small group of patients [21,30,31]. A
one-year follow-up trial determined that positive effects are transient [32]. Another, study
suggested that a combined treatment using CBT, vestibular rehabilitation, psychoeducation,
and antidepressants may alleviate dysfunctional illness behaviour and dizziness, which
was addressed in recent interventions [33]. A combination of treatments also improved
postural strategy and dizziness [19]. These above therapies show that VR could create
customised individualised environment therapies depending on the requirement, whether
it is about physical activities, CBT, medication, or combination of therapies. VR immersion
could give an ultimate experience if VR technologists focus on developing relevant strate-
gies after understanding the main issue. At this stage, after having the core understanding
of therapies in the absence of VR, VR technology could facilitate appropriate individualised
interventions through better-developed strategies. In the next section, we highlight how VR
technology has probed vestibular rehabilitation including studying PPPD. With research
in functional dizziness using VR, researchers focused on potential applications of VR in
improving PPPD symptoms.

2.4. Virtual Reality as Vestibular Rehabilitation for Improvement of Functional Dizziness

Due to variation in responses to therapy, there are only limited research outcomes
to support vestibular rehabilitation’s positive effect on symptom recovery and functional
improvement [34]. A few studies showed that patients given exposure to optokinetic stim-
ulation resulted in decreased dependence on visual input for perceptual and postural
responses [35,36]. One study showed that short-term adaptive changes to visiovestibular
therapy prompted adaptive changes, improving visual dependency in healthy partici-
pants [36]. There was significant improvement in patients’ visual vertigo (another form of
functional dizziness that slightly overlaps with PPPD) symptoms when simulator-based op-
tokinetic exposure was given with whole-body or visual environment rotators in combina-
tion with customised vestibular exercise regime [37]. Studies showed mediocre predictable
patients’ adaptation to time consumption, repetition, and monotonous procedure [21,38].
Therefore, more efficient and cost-effective types of virtual-reality-based treatments were
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proposed as potential alternative [21]. A virtual-reality-based pilot study was conducted
on visual vertigo, a symptom that overlapped to some extent with PPPD [39]. Exposure
to dynamic virtual-reality environments should be considered to be a useful adjunct to
vestibular rehabilitation programs for patients with peripheral vestibular and visual vertigo
symptoms. Second, similar to virtual reality, games can be an appealing area of research
for augmented therapy because using vestibular rehabilitation-relevant movements in the
context of an engaging and motivational game could improve the result from the therapy.
Thus, integrating video games may provide a solution for retaining participant numbers,
and augmented engagement and accessibility in the vestibular rehabilitation. The video-
game industry produces accessible and affordable activities that engage users for long
periods. In spite of many techniques available, including virtual reality, engagement and
accessibility are major obstacles to participants in achieving necessary treatment and for
the appropriate duration. Studies provided preliminary descriptions of the benefits of
commercially available video games in rehabilitation, and showed that interactive exercise
linked with games can significantly improve players’ visual–spatial perception and visual
tracking skills [40–42]. Recently, virtual reality has been a part of vestibular rehabilitation
for several studies, but to date, only one (randomised control pilot) study has been con-
ducted that implemented vestibular rehabilitation procedures with head-mounted display
(HMD)-based protocols to understand the effect in unilateral vestibular hypofunction [43].
In that study, the HMD group showed overall improvement in vestibular–ocular reflex
gain on the lesional side, in posturography parameters in the low-frequency spectrum. The
main advantage of introducing HMD for virtualo-reality environments is their proximity
to the eye that offers images at high resolution [44] and can follow the user’s movements,
making them feel like a part of environment generated by the computer [45]. Patients going
through interactive virtual reality (using HMD)-based gamified (bringing engagement;
accessibility) intervention are likely to be involved in the intervention improving their
PPPD symptoms. The section below introduces the recent research of VR in PPPD, the
directions it has taken, and gaps that need to be addressed.

3. Persistent Postural–Perceptual Dizziness and Virtual Reality

Virtual-reality technology is seen as the major technological tool that could benefit
vestibular rehabilitation [21]. Technology using head-mounted devices (HMD) is yet
to take advantage of giving near real-world environment simulations for people with
PPPD. As VR technologists, we could see the opportunity of understanding PPPD and
dizziness is not a new issue that VR developers have encountered. Recent research shows a
major breakthrough in understanding cybersickness and the process to alleviate it [46,47].
Understanding cybersickness could benefit technologists to contribute towards PPPD
treatment intervention. Therefore, it is important that VR technologists understand PPPD-
and VR-based contributions so far in this area.

4. Trends of VR-Based Research on PPPD

There are limited VR-based research outcomes for PPPD, and their findings still require
further investigation, as PPPD is relevantly new to the Classification of Vestibular Disorders
of the Bárány Society [48]. For the purpose of focused reading on current progress of VR
for PPPD, the inclusion criteria for data analysis are based on four categories in relation to
VR, namely, year of study, participants, outcome, and conclusion.

Data Collection and Analysis

We chose articles through rigorous database search and collated the essential findings.
Articles were selected from electronic databases Cochrane Library PubMed (including
MEDLINE; Ovid), EBSCOhost (CINAHL—Cumulative Index to Nursing and Allied Health
Literature), Scopus (Elsevier), and PubMed (including MEDLINE; Ovid) Cochrane Library.
Although limited research was conducted in PPPD using VR, findings show promising
potential of using the VR technology. Researchers endeavoured to further understand
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the dynamic balance, activities of vestibular and visual cortices, and brain responses to
visual cues in simulated environment. The studies clearly investigated issues involved
with PPPD disorder and how they would pathophysiologcally affect the people. The
authors cautiously reached conclusions for the general population because of the inclusion
criteria and the sample size considered in each research experiment (Table 2). It is still
not clear from existing research how the development of VR environment is impacted by
patients’ self-motivation and engagement. The positive aspects of VR, including real-world
exposure, real-time flexibility of changing complex level of exposure, and the adaptability
to the hybrid approach of the therapies are either limited or not discussed. In the next
section, we discuss how these gaps, if addressed in future research and considered in
therapy strategies, could positively impact patients’ lives.

Table 2. Current trends of virtual-reality engagement for PPPD.

Author(s): Riccelli et al. [49]
Year: 2017

Study: To determine the areas of the brain that are linked with increased visual motion
stimulus sensitivity representing roller-coaster rides in people with PPPD.

Participants: 15 people with PPPD and 15 healthy controls including demographics, state and
trait anxiety, and motion sickness vulnerability.

Outcome: Contrary to increased middle insular response found in healthy controls, no
difference in middle insular activity was seen in people with PPPD

Conclusion
In people with PPPD, lack of medial insular activation causes disruption of spatial
motion encoding and there is is greater reliance on visual cues as noted with increase
activation of the visual cortex with increased severity of PPPD.

Author(s): Passamonti et al. [50]
Year: 2018

Study: To determine if neuroticism and introversion have differential effects on
visuovestibular system function in people having PPPD and healthy controls

Participants: 15 people with PPPD and 15 demographic and motion-sickness susceptibility
matched healthy controls.

Outcome:
There is a positive correlation between neuroticism and inferior frontal gyrus (IFg)
activity in people with PPPD. In addition, neuroticism increased the connection
between IFg and occipital areas during vertical motion in patients with PPPD.

Conclusion
In people with PPPD, presence of neuroticism is associated with enhanced activation
and connectivity between the brain areas responsible attention and vision. This
occurred during vertical movement.

Author(s): Aharoni et al. [51]
Year: 2019

Study: To assess the feasibility of a novel virtual-reality-based four-square step square test
(FSST-VR) for measuring dynamic balance in people with PPPD

Participants: 3 people with PPPD and 8 healthy controls

Outcome:

FSST-VR is a feasible method to assess dynamic balance within complex visual
environment in people with PPPD. Preliminary descriptive analysis of the data
shows that people with PPPD take shorter and less smooth steps in anteroposterior
direction.

Conclusion
FSST-VR may be a feasible paradigm to assess dynamic balance in people with
PPPD symptoms and gives additional information about spatiotemporal measures
which may help differentiate between healthy and people with PPPD.

Author(s): Breinbauer et al. [52]
Year: 2020

Study: To investigate if people with PPPD perform poorer in virtual spatial navigational
task as compared to healthy individuals and people with other vestibular conditions.

Participants: 19 people with PPPD, 19 people with other vestibular disorders, and 18 healthy
controls.

Outcome:

As compared to the healthy individuals and people with other vestibular conditions,
people with PPPD performed the navigationally demanding task (when the target is
invisible) more chaotically, and utilized poorly organised search strategies with
greater diversity in the navigational pool.

Conclusion Poor spatial navigation performance in people in PPPD may be useful in
differentiating PPPD from non-PPPD patients.
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Table 2. Cont.

Author(s): Aharoni et al. [53]
Year: 2021

Study:
To study and evaluate dynamic balance performance including assessing of
spatiotemporal kinematics, sel-reported outcomes, and functional mobility tests as
compared to healthy individuals using four-square step square in VR

Participants: 23 people with PPPD and 29 healthy controls.

Outcome:
As compared to healthy individuals, people with PPPD were able to show subtle
alterations in task performance. However, PPPD individuals found the tasks
challenging at times and responded with postural sways.

Conclusion

high visual load contrast relationship found between self-reported and functional
motion characteristics using FSST task. However, the task was feasible for people
with PPPD, as overall performance was similar to controls. Detailed investigation of
dynamic balance is suggested.

5. Discussion

Virtual-reality technology is common among consumers. People are aware of VR
technologies’ capabilities and considerations of side effects of using VR gadgets. VR
development in health sciences is seen as an effective tool to support treatments and
diagnosis (Figure 2) [54–56]. To serve the purpose of understanding PPPD, we kept the
discussion specific to the technical terms used by virtual-reality developers.

Figure 2. Narrative theme map.

5.1. Virtual-Reality-Flexible Environment for Different Symptom Levels

Virtual-reality exposure therapy could highlight how neuroticism could positively cor-
relate and increase neural network activities, bringing them into experiencing rollercoaster
rides without actually putting them in a real environment [50]. This shows that virtual
reality could expose patients to near-real environments and study how motion sickness or
PPPD actually affects persons with symptoms. To further adjust the engagement of immer-
sion for PPPD patients, exposure could vary from easy to advanced levels of complexity in
the immersive experience. Variance in the levels of exposure of similar environments is
always engaging to a wider pool of users [57]. Virtual-reality developers could actually
indulge in understanding how the different levels of simulated environments are effective
for PPPD patients going through exposure therapy.
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5.2. Virtual-Reality Environment—Enhancement to Conventional Tools

Virtual reality is not new to the health sciences, as the technology is capable of re-
placing the real world with simulated environments, creating unique experiences that
could increase engagement for end users [58]. A recent study on FSST-VR showed that the
technology is able to provide additional information about the PPPD patients on spatial and
temporal parameters when compared with healthy participants. VR did not exacerbate the
symptoms of PPPD, as further studies were ongoing to understand dynamic balance [51].
Therefore, virtual reality could be used along with other therapies for diagnosis and/or
treatment purposes. Understanding the diagnostic criteria of PPPD and managing them
with effective communication and tailored treatment strategies [9] is crucial. In addition,
there is a way for VR developers to work along with PPPD experts to develop an effective
tool to address symptoms [59].

5.3. Virtual-Reality Environment—Extensive Variety of Exposure for Engagement and
Interactivity Purpose Using Design Thinking Approach

The choice of virtual-world exposure (simulation of the real world) and its suitability
with respect to the diagnosis and treatment purpose at individual level is important.
Therefore, an appropriate engaging VR-based system as a stand-alone system or combined
with other methods, is required. Different VR environments were found useful for the
diagnosis purposes including impairments in spatial navigation, vestibular and visual
cortices [49,52].

Although we have seen recent developments of using VR in PPPD, it is still not
clear how patients could be convinced to voluntarily use VR with thee right exposure
therapy that could not only help the diagnosis of the symptoms, but also support treatment.
Strategies needs to be in place to support VR developers in understanding the core of the
symptoms, and health experts in understanding the VR technology. User-centred design is
one way to see through the lens of users by using design thinking concepts [60]. Hence,
VR-based interventions could be the appropriate tools in the long run as they have the
capacity to be tuned to the properties of engagement, interactivity, and adjustability of
environments as per users’ needs [61,62].

5.4. Virtual-Reality Development—Electronic-Equipment Advancement

The choice of VR environment and VR planning would not be effective if VR technol-
ogy does not keep up with the new advancements of available hardware. There is limited
information on hardware specifications for VR development in recent studies [63]. The
dominant market of Oculus and HTC has seen a major revolution in their achievement in
addressing issues with previous models and improving to the level where the technology
could cater to all types of users [64]. PPPD patients can use typical VR headsets to take
advantage of the latest systems for VR exposure. The specification details for the VR
development and execution show that the hardware market and VR gadgets are catching
up from a compatibility perspective. Recent graphics cards [65] and high-capacity memory
units have facilitated effortless exposure experience [66]. With the emerging advancement
of VR in the health sector, VR development takes advantage of hardware compatibility to
create conducive environments for PPPD patients.

6. Conclusions

This study outlined recent PPPD interventions through the lens of VR technologists.
Screening was conducted on current trends in VR research to identify and reduce PPPD
symptoms. It is important to harvest the long-term positive effects of VR technology to
help PPPD patients through VR immersion. The direction of possible consideration is
backed up by the established strengths of the technology: (1) flexibility in complexity
levels of immersive environment, (2) ability to blend with other intervention tools, and
(3) variety in environmental exposure. Further research can be conducted on a wider
audience that struggles to enjoy commercial VR products to explore the ways that provide
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entertaining and engaging immersive experiences. Additionally, it is important to carry
on experiments on larger populations, where the idea of utilising VR to assist people
with PPPD seems feasible and functional for the purposes of entertainment, engagement,
treatment, and habituation.
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