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Abstract

Virtua reality (VR) is apromising and cost-effective tool that has the potential to reduce the prevalence of falls and locomotor
impairmentsin older adults. However, we believe that existing V R-based approachesto prevent falls do not mimic the full breadth
of perceptual, cognitive, and motor demands that older adults encounter in daily life. Researchers have not yet fully leveraged
VR to address affective factors related to fall risk, and how stressors such as anxiety influence older adult balance and real-world
falls. In this perspective paper, we propose developing VR-based tools that replicate the affective demands of real-world falls
(eg, crossing the street) to enhance fall prevention diagnostics and interventions by capturing the underlying processes that
influence everyday mobility. An effort to replicate realistic scenarios that precipitate falls in VR environments will inform

evidence-based diagnostics and individualize interventions in away that could reduce fallsin older adultsin daily life.

(JMIR Aging 2023;6:€36325) doi: 10.2196/36325
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Introduction

Annually, 1 in 4 older adults are injured from falling [1], and
theincidence rates[2] and resulting morbidities continueto rise
[3]. Alongsiderapidly advancing virtua redity (VR) technology,
scientistsand clinicians are working to predict and prevent falls
using arange of nonimmersive and immersive techniques[4-6].
Yet, researchers are only beginning to understand the potential
benefits of VR technologies and their capabilities to target the
perceptual, cognitive, and motor processes related to fall risk
[7]. We believe there is a disconnect between how VR is
currently used to understand and prevent falls in experimental
settings and its capacity to identify and target the processesthat
are involved when older adultsfall in daily life.

https://aging.jmir.org/2023/1/e36325

We argue that scientists currently using VR technology to
evaluate and modify fall risk often overlook stressors such as
anxiety or the “fear of falling” that are associated with higher
prevalence of falls [8,9]. As we age, we use more attentional
capacity while walking and stepping becomesless “ automatic”
[10]; thus, the added cognitive demand of fear of falling could
be detrimental to balance and gait for older people [11-14]. Our
underlying argument is that the context of balance control is
important, and scientists should aim to create paradigms that
better replicate the challengesthat older adults experience during
everyday walking to understand and prevent falls. By not
representing the affective context that exists in the real world
in VR-based tasks and interventions, we fail to address the
interactions between perceptual, cognitive, and motor processes
that underlie effective or maladaptive balance in daily life
[15-18]. Scientists now have a unique opportunity to develop
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V R-based toolsthat facilitate interactions with realistic mobility
contexts that induce anxiety as in the real world (eg, crossing
abusy street at night and walking in acrowded mall). By using
VR to engage with realistic contexts, we could better identify
older adults who are most at risk of falling and develop refined
interventions to prevent falls.

Our overarching interests are to establish early diagnostics that
identify who is at greatest risk of falling and develop specific

Textbox 1. Key points discussed in this perspective.
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interventions that reduce the risk of falls in everyday life. In
this perspective paper, we discuss leveraging the rising
popularity of VR to devel op meaningful protocolsfor diagnosing
and treating the risk of falling in older adults. Specifically, we
discuss how VR simulations can recreate the typical perceptual,
cognitive, motor, and affective demands of daily lifeto facilitate
diagnostics and interventionsthat reduce therisk of falling. The
key points discussed in this paper are shown in Textbox 1.

«  Scientists should aim to better replicate the challenges that older adults experience during everyday walking to understand and prevent falls.

«  We do not yet know if the experimental outcomes emerging from laboratory-based studies are representative of behavior in everyday life.
However, virtual reality (VR) technology allows us to probe mobility-related affective responses with threats to stability and balance control.

« VR can simulate everyday situational demands and quantify responses with high resolution, thereby helping to bridge the gap between

|aboratory-based research outcomes and everyday fall risk.

«  We propose afocus on scenarios where older individuals experience afear of falling to identify associated deficitsin perceptual, cognitive, and

motor processes.

«  Tobetter detect everyday fall risk, scientists should incrementally challenge sensory, motor, and cognitive systems using a contextually appropriate

VR-based stresstest for fall risk.

. Using VR to address individual differences by measuring learning trajectories allows for tailored challenge points and appropriate difficulty

levels that optimize learning.

« VR therapies successfully reduce anxiety in younger people; it isnot hard to imagine afuture where VR could help older adults overcome afear

of falling and cope with mobility-related anxiety.

The Problem: Research on Fear of Falling
and Fall Risk in Older Adults

Asaresult of poor “balance confidence” or low “fallsefficacy,”
many older adults report a “fear of faling” and experience
mobility-related anxiety during locomotion [16]. We provide a
brief overview of how fear and anxiety influence fall risk (ie,
the physiological and cognitive response to a perceived threat
in abalance or walking task). Werefer the reader el sewhere for
detailed reviewsthat distinguish these processes from concepts
such as concern about falling [13,16,18]. Older adults who
experience a fall are more likely to exhibit gait impairments
and suffer higher incidents of falling [19,20]. We define
“mobility-related anxiety” as a phobia specific to walking that
isassociated with increased physiological arousal and cognitive
stress, which interferes with perceptual, cognitive, and motor
processes during walking in young and older adults[12,21-24].
Both self-reported fear of falling and mobility-related anxiety
are believed to impair cognitive-motor control, predisposing
older adultsto agreater risk of dlips, trips, and falls[13,14,18].
However, there may be some protective element to
mobility-rel ated anxiety, encouraging older adultsto compensate
for poor balance by “consciously monitoring” their actionsin
efforts to remain safe [17]. The degree that mobility-related
anxiety impedes or protects older adult balance is still unclear
because current evidence is only supported by cross-sectional
associations between fear of falling and motor outcomes [25],
fal incidences [26], or anxiety-related responses from
experimental manipulations (eg, raising participants on a
platform) [11,23,27]. The experimental tasks used by scientists
and clinicians are strictly controlled, and consequently, these
tasks may not induce anxiety in a way that represents the

https://aging.jmir.org/2023/1/e36325

anxiety-inducing experiences of older adults in real-world
mobility scenarios (eg, crossing abusy street at night). We argue
that scientists should leverage advancesin technology to develop
representative mobility tasks within VR simulations while
simultaneously retaining experimental control. VR presents an
ideal tool to create redlistic contexts that would enhance and
individualize fall-risk detection and prevention.

Current Ways to Use VR to Study
Mobility-Related Anxiety

Scientists interested in the effects of anxiety on mobility have
predominantly used VR to create controlled experiments that
answer fundamental science questions. Unfortunately, often the
experimental conditions induced have limited relation to
situations encountered in daily life. For example, our previous
work has shown that immersive VR can be used to increase
mobility-related anxiety in healthy people by simulating standing
on awooden plank and raising the walkway approximately 15
meters above ground level [24,28]. Although our approach
allowed us to answer important questions about anxiety and
motor control, we are hesitant to equate our resultsto behaviors
indaily life. Historically, obtaining resultsthat are representative
of everyday tasks, or “representative task design,” has been a
persistent limitation across many fields [29,30]. We do not yet
know if the experimental outcomes emerging from controlled,
laboratory-based studies are representative of behavior in
everyday life. However, existing VR technology lendsitself to
probing affective responses by systematically imposing
mobility-related threats to stability and testing balance control
across external task constraints.
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Scientists have typically used VR to induce mobility-related
anxiety by replicating |aboratory-based studies that physically
raise participants to elevated heights [23,27,31]. Theam isto
stimulate affective systems by increasing the perceived
consequences of falling, aso known as* postural threat” [23,31].
Simulating elevated heights in VR elicits similar changes to
state anxiety (ie, subjective ratings) and motor behavior (ie,
smaller postural sway ared) asinthereal world [32-34]. Various
types of threatening contexts can elicit anxiety-rel ated responses,
ranging from simulated heights in a replicated laboratory
environment [33,35,36] to riding an open elevator [37] and
walking across a deep pit [38,39].

Another approach to study mobility-specific anxiety is to
increase the difficulty of the locomotor task by walking on a
narrow path. By increasing attentional demand and the energy
cost of gait patterns [40,41], a narrower path imposes a
demanding locomotor constraint that requires participants to
continuously adapt and monitor their steps. A narrower step
width also involves intrinsic risk appraisal by challenging
stability; participants must evaluate their balance and devote
added attentional resources to compensate for their anticipated
missteps [42]. We interpret the added cognitive load of taking
narrower steps as analogous to the “conscious monitoring”
experienced by older adults who are anxious while walking
[13,43].

VR-based tools can combine environmental and task-specific
influences on mobility-related anxiety, emphasizing their
potential to systematically examine the interactions between
key perceptual, cognitive, and motor behaviors. Walkingin VR
on broad and narrow roads, and at low and high elevations, can
reveal complex interactions between anxiety, cognition, and
motor behavior in young and older adults [44]. For instance,
combining path width and height manipulationsin VR increases
motor difficulty in addition to multiplying to consequences of
afall, forcing participantsto prioritize performing the task safely
versus quickly, revealing the interactions between
mobility-related anxiety and motor performance [44].
Challenging balance in threatening VR environments (an
increasingly narrowing path) reveals that balance confidence
mediatesthe efficacy of older adults’ stepping responses [45,46].
Cumulatively, these results highlight the salience of
mobility-related anxiety in locomotor behavior and its potential
importance in improving balance and reducing fall risk.

However, while VR has led to advances in understanding
mobility-related anxiety and balance, there remains adisconnect
between experimental manipulations of anxiety responses and
the lived experience of older adults suffering from
mobility-related anxiety in daily life. We propose that
researchersuse VR to simultaneously test theinfluence of task-
and environmentally driven affective responses on locomotion,
while working to develop generalizable applications. We
envision VR could be used as atool to generate outcomes that
are experimentally controlled, while simultaneously being
representative of everyday contexts that precipitate real-world
falls.

https://aging.jmir.org/2023/1/e36325

Raffegeau et al

Current Ways to Use VR-Based
Technology for Fall Prevention

Overview

While our perspective details ways to enhance the application
of VR for fall prevention, existing empirical evidence already
supports the use of VR-based tools for preventing fallsin older
adults. We overview the current use of VR technology in
fall-prevention research with reference to the following three
general categoriesof current technology: (1) nonimmersive VR;
(2) augmented redlity (AR); and (3) immersive VR. We consider
the advantages and disadvantages of each approach with regard
to older adult fall prevention.

Nonimmersive VR

The majority of published reports focusing on the benefits of
V R-based toolsin older adult fall prevention use nonimmersive
devices that range in design and application [47-54].
Nonimmersive technology typicaly delivers a gamified
rehabilitation goal and provides 2D visual feedback of body
position or motor performance on atelevision display. Position
detection capabilities vary and include ssmpler platform or
controller-based devices, such as a Wii balance board or Wii
Fit (Nintendo), aswell asoptical tracking systemsranging from
the X-box Kinect (Microsoft) to high-speed infrared cameras
using expensive motion capture techniques such asthe CAREN
(Motek). Visua stimuli range from a low-cost flat-screen
television presented at eyelevel [55] to digital projections onto
atreadmill belt [56], to a 180 curved floor-to-ceiling projection
screen [45,57,58]. Interactions within VR afford many options
for providing biofeedback [59], where the majority of
nonimmersive video games present both feedback of body
position and knowledge of performance outcomes [6,55].
However, alack of consistency in delivery and application of
visual biofeedback in immersive VR [24,38,60] makes it
difficult to determine if nonimmersive therapeutic protocols
and positive effects are replicable or might be enhanced with
advanced technology [61,62]. One significant issue relating to
standardization of protocols relates to limited accessibility, as
many nonimmersive VR tools are no longer commercially
available. Nonimmersive VR applications therefore require
custom programming, rendering the product commercially
unscalable and only suitable for research purposes.

Augmented Reality

AR, or mixed reality, isaunique technology with great potential
to train balance and reduce falls using ecologically valid
locomotor tasks. AR overlays 3D virtua illusions through
interactive games within the individual's real-world setting,
typically using face-worn eyeglasses or goggles. | ntegrating the
gameinto the real-world setting and feedback of oneself likely
enhances the “task gspecificity” of AR-based tools for
transferring performance to rea-world balance and gait tasks
[63]. AR has also shown promisein providing social interaction
and psychological support for older people; its primary
advantage for health-related applications may be its capacity to
increase motivation to engage in physical training [63,64].
Perhaps a result of shifting gaze to look at or look through a
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peripheral display, lateral stability is compromised by AR
glasses [65], which may be particularly detrimental for older
adult fallers who are worse at controlling mediolateral balance
[66]. AR technology shows great promise for everyday fall
prevention, but development is lagging with respect to
user-friendly programming and commercial accessibility,
especialy for older adults [63].

Immersive VR

Typicaly delivered via a head-worn virtual display, or
head-mounted display (HMD), immersive VR replaces one's
current setting with an interactive 2D (eg, video-based) or 3D
(eg, digitally rendered) environment. By blocking out sensory
feedback from the outside world, immersive VR presents an
opportunity to stimulate sensory, and motor systems for fall
prevention. Advances in graphic design and rendering
capabilities have drastically improved the realism of immersive

Raffegeau et al

VR simulations and multiplied the potential experiences
representative of daily life. Impaired older adults (ie, immobile
or cognitively impaired) can experience 2D images using an
HMD (usually video-based stimuli), without negative side
effects such as motion sickness[67]. An HMD obstructs visual
feedback of body position without added accessories or specific
game development, which influences the control of basic
perception and action [68] and locomotor control in VR
simulations [62]. We speculate that ongoing bodily feedback
may be a key difference between immersive and
projection-based treadmill VR environments, facilitating a
greater sense of immersion (measured as self-reported
“presence”) during an elevated height simulation [69,70], and
higher levels of reported anxiety in projection-based approaches
when compared to animmersive HMD [71,72]. Table 1 presents
the advantages and disadvantages of different VR types to
prevent falls.

Table 1. Advantages and disadvantages of different types of virtual redlity (VR) to prevent falls.

VR types Advantages

Disadvantages

Nonimmersive «
VR

ARa .

Immersive VR«

Feasible for use with older adultsin community settings[51] and
people with Parkinson disease [73]

Benefitsimpaired populations such as stroke survivors [ 74,75]
and people with Parkinson disease [76,77]

Interventions improve performance on physica function testsre-
lated to fall risk [52,53,78], reduce fear of falling and depression
[79,80], and reduce theincidence of fallsin frail older adults[78]
Can replicate balance perturbation training techniqueswith visual
perturbations [35,58] that improve balance recovery and reduce
real-world falls [81,82].

AR interactions take place in everyday settings and can serve as
redlistic substitutes for environmental manipulations or cues.
Placing AR obstaclesin one's path simulates the task of avoiding
them asif they existed in redlity, but without the trip hazard [83]
AR-based visual and audio cues oftenimprove gait characteristics
in people with neurological conditions, particularly people with
Parkinson disease [84]

Can systematically implement visual perturbations (ie, shifting
the room suddenly) that induce a sensation of falling [86], leading
to adeclinein stability and forcing older adults to practice and
train reactive balance recovery in a safer way [87,88]

Using immersive VR to manipulate visual input during clinical
physical function tests better detects fall risk [89]

A lack of consistency in delivery or application of
visual biofeedback (ie, displaying motor performance
versus results, or both) make it difficult to determine
if therapeutic results are replicable

Most nonimmersive VR equipment is no longer
commercially available and requires custom program-
ming that is only suitable for research purposes

Lateral stability is compromised by AR glasses[65],
which may be particularly detrimental for older adults
prone to falling or those with deficits in controlling
mediolateral balance [66]

Older adults report current AR goggles as heavy and
uncomfortable during balance training [85], an issue
that could be addressed by forthcoming technology
mimicking traditional spectacles

Development islagging with respect to user-friendly
programming and commercial accessibility, especialy
for older adults [63]

Immersive HM D technol ogy can bedifficult to oper-
ate [90]

Bulky and uncomfortable to wear [91]

Limiting the visua field of view [92]

Sometimes causing motion sickness [93] that could
be interpreted as a sign of a potential fall by at-risk
older adults

HMDs obstruct visual feedback of body position
without added hardware or customized programming
to track body position. The absence of visual feedback
influences basic perception and action [68], locomotor
control [62], and interactions between anxiety and
motor control in anxiety-inducing VR simulations
(94]

3AR: augmented redlity.

PHMD: head-mounted display.
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Incorporating the Context of Everyday
Falls Into Fall Prevention

Rehabilitation scientists are limited in their ability to replicate
complex everyday scenarios and €licit representative anxiety,
hindering the ecological validity and trandation of existing
approaches. Simultaneously, we have yet to find a way to
measure perceptual, cognitive, and motor processes in the real
world without using disruptive and resource-heavy equipment.
To address both limitations, VR can simulate everyday
situational demands and quantify responseswith high resolution,
thereby helping to bridge the gap between laboratory-based
research outcomes and everyday fall risk. As opposed to
evaluating physical function in sterileclinical settingswith clear
hallways, using VR to challenge older adult mobility within an
ecologically valid setting would better reveal real-world mobility
deficits, thereby potentially leading to enhanced therapies to
reduce fall risk.

Crossing the street at night isan example of alocomotor context
that elicits a specific mobility-related anxiety and requires
effective perceptual (eg, judging the distance to oncoming
hazards with low-quality visual feedback), cognitive (eg,
gathering and retaining limited visual and spatial information
inworking memory to monitor position), and motor adaptations
(ie, neuromuscular coordination and step targeting) to achieve
safely. It may therefore be no surprise that older adults
experience a higher prevalence of traffic-related injuries
compared to younger pedestrians; a consequence attributed to
a host of individual, task, and environmental factors [95],
including self-reported fear of falling [96]. The capability of
V R-based tool sto replicate a street-crossing simulation for older
adults was demonstrated in a series of studies using a
projection-based room with a 360° simulation of a busy street
and crosswalk [97], allowing peopleto movethrough arealistic
3D visual surround. The results show when older pedestrians
avoid moving traffic, their cognitive-motor “workload” ishigher
than when crossing an empty street, leading older adultsto walk
faster and ignore traffic-avoidance—related tasks [98]. These
latter behaviors are reminiscent of older adults in artificial
anxiety-inducing settings (ie, a narrow or elevated walkway)
[44]. A similar study recently used a street-crossing paradigm
in an immersive commercial HMD apparatus measuring eye
tracking, locomotor behavior, and cognitive performance to
draw inferences about pedestrian behaviors in young adults
[99]. Such studies highlight the potential to use VR to smulate
realistic everyday contexts that challenge affective responses
while being feasible for older adult users. We believe further
efforts are needed to develop similar immersive, yet effective,
V R-based approaches using simulations of real-world contexts
where falls are common.

The greater challenge isto capture behavior from fearful older
adults during threatening walking scenarios and best use VR to
quantify behaviorsthat perpetuate falls. We propose afocus on
scenarios where older individuals experience a fear of falling,
especiadly in settings leading to real-world falls such as
stairwells, escalators, crowded sidewalks, shopping malls, or
nighttime streets. Borrowing from the concepts devel oped from

https://aging.jmir.org/2023/1/e36325
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successful trauma-focused V R-based treatment of posttraumatic
stress disorder (PTSD) in soldiers [99,100], combat scenarios
are predictable sources of phobic anxiety. Therefore, presenting
arealistic combat scenario in VR is likely to elicit a phobic
response. Yet, we cannot be certain which scenarios cause
anxiety responses for older adults in real life and how those
vary individually. We propose qualitative interview-based
inquiry [101], atype of “needs assessment” or “task analysis,’
as a step toward determining the scenarios that are anxiety
inducing for older adults with motor impairments related to a
concern about falling. Our previous qualitative work interviewed
fearful older adultsto examinetheir thoughts during hypothetical
scenarios leading to falls, and our findings debunked popular
theories about attentional focus (ie, attentional control theory)
under anxiety or stress developed using datafrom athletes[102].
Whereas athletes are distracted by a"threat bias" in attentional
control that is maladaptive in competitive settings [103], we
showed that some degree of "conscious monitoring" dring
walking is protective for older adultswho realistically appraise
their sense of control inthesituation [17]. Only individualswho
expressed lacking asense of control demonstrated amaladaptive
fear of falling [17], highlighting the value of qualitativeinquiry
in tranglating theory into population-specific interventions.

VR environments that represent everyday situations associated
with a fear of faling would allow clinicians to examine
locomotor performance on arange of functional tasksin afall
risk "stress test". Such a virtual “stress test” was recently
demonstrated in afunctional VR game using an urban scenario
designed for rehabilitating activities of daily living [104]. The
“UrbanRehab” VR tool was created to optimize ecological
validity and challenge outdoor mobility in urban settingsto train
and enhance movement. The creators of the UrbanRehab
program began with a focus group of rehabilitation specialists
and aimed to create an environment where patients could be
challenged with a variety of different tasks in a readlistic
cityscape. The challenges and achievements of the UrbanRehab
program are reported from a devel oper’s perspective in further
detail [104], highlighting the development-related challenges
of designing and implementing realistic VR games for
rehabilitation. For example, designing realistic gamesthat enable
functional movement is limited by in-home space constraints,
presenting a common and difficult challenge that developers
must overcome. However, the UrbanRehab initiative represents
an exciting first step in realizing the potential for VR to reduce
real-world falls.

A mgjor advantage of VR isthe capability to addressindividual
differences due to its capacity to change the level of task
difficulty and create appropriate“ challenge points’ or “desirable
difficulties’” [105]. To better detect everyday fall risk, arange
of typical sensory, motor, and cognitive challenge points can
beincorporated into acontextually appropriate VR-based stress
test for fall risk. For instance, incorporating increasingly
physiologically demanding locomotor tasks as challenge points,
such as changes in walking speed along a crosswalk, could
better reveal fall risk related to poor lower limb strength or
power [106] and may be a better predictor of fall risk than
measuring walking at comfortable speeds [107]. VR-based
challenge points can present increasingly difficult but realistic
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obstaclesfor avoidance such as pothol es, puddles, or oncoming
pedestrians [108], which would better identify people who
struggle to maintain balance during complex stepping tasks
[109]. Challenging balance control in VR with dynamic
locomotor tasks such as turning would reveal deficitsin motor
control mechanismsthat are relevant to everyday falls[110,111].
Using challenge pointsto progressively manipulate visual flow
during walking [46,57] or walking in increasingly low-light
settings [112] would flag sensory integration deficits for
intervention (ie, proper corrective eye wear, visuo-motor
training) before they become a problem [113]. Finaly,
presenting increasingly complicated but realistic concurrent
cognitive tasks as challenge points, such as concurrently
monitoring aclock or oncoming pedestrians [99], would better
identify older people at risk of real-world fals due to
cognitive-motoric deficits [114,115]. In sum, VR alows
scientists to measure performance across different challenge
points, whereby participants are pushed to perform at, or near,
the limits of their capability in everyday cognitive-motor
performance, highlighting locomotor deficits before they lead
to afall in daily life.

Theindividual differencesinlearning outcomes detected across
challenge points in diagnostics can optimize VR-based
interventions for each learner and lead to enhanced transfer of
skills to the real world. VR lends itself to quantifying and
adjusting training loads for individual responses to an
intervention and augmenting training loads for learners [105].
Commercially available VR systems boast multiple ways to
measure performance (eg, eye tracking and kinematics) to
achieve goal-related outcomes (eg, a gamified performance
goal), and either aspect of asimulation can betailored to target
individual needs and training goals. Advancesin datamodeling
and machinelearning allow usto measureindividual differences
in learning by analyzing changes in performance versus
goal-related outcomes (ie, speed versus accuracy analyses)
across repeated practice sessions or challenge points. Using VR
to quantify individual learning trajectories allows for tailored
challenge points and maintaining appropriate difficulty levels
[105], and V R-based approaches could adjust training loads to
optimize learning for each participant throughout an
intervention.

Practitionersare already using VR with younger populationsto
rehabilitate those with anxiety-related disorders, pioneering a
wider application of VR for “exposure therapy” to reduce
anxiety [100]. For example, the Bravemind program builds on
evidence highlighting that VR-based exposure therapy can
reduce depression and anxiety in veteran soldiers with PTSD
[116]. Bravemind uses VR to simulate combat-rel ated scenarios
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in combination with cognitive behaviora therapy, which
reframes anxiety-based reactionswith “ cognitive restructuring,”
providing a low-threat context where a patient can
therapeutically decondition the cycle of anxiety viahabituation
[100]. Theimmersive VR program trains soldiersto compensate
and adapt to their PTSD symptoms over time with prolonged
exposureto threatening stimuli in VR, guided by evidence from
successful VR treatments leveraging exposure therapy for
specific phobias[69,117]. Similar exposure effects are reported
in VR-based anxiety-inducing settings; the effects of
mobility-related anxiety on motor performance (ie, gait speed)
decay asparticipants acclimateto the simulated scenario [ 23,24],
suggesting asimilar approach may work to train older adults at
risk for maladaptive mobility-related anxiety.

The use of VR-based approachesin conjunction with cognitive
behavioral therapy could be effectivein reducing fear of falling
in older adults [118]. VR-based therapies for treating anxiety
disorders are rising in popularity, and meta-analyses support
using VR for treating anxiety when compared with traditional
therapies [119], especially in preventing patient attrition
[119,120]. While no substantive advantages are associated with
current VR-based programs compared to traditional therapy,
participants are more likely to adhere to VR-based therapies,
thus improving their efficacy. We speculate that higher levels
of adherence could be a result of greater engagement, which
improves motor learning outcomes in gamified rehabilitation
programs as compared to the sterility of traditional rehabilitation
settings [64]. If VR technology can be refined and harnessed,
we believe that the effectiveness (and relative affordability) of
such therapies can outperform traditional treatment methods.
Because of the success of programs such as Bravemind and the
increasingly immersive VR experiences, it is not difficult to
imagineafuturewhere older adultsaretrained to optimize their
performance on everyday mobility tasks using controlled
exposure to stressful virtual environments.

Conclusions

VR isan appealing and practical tool to enhance and maintain
older adult mobility. We envision a future where redlistic
contextsfor individualized V R-based fall-prevention diagnostics
and interventionswill reduce therisk of real-world fallsin ol der
adults. By incorporating the context of daily tasksinto VR-based
approaches, we can quantify movement within complex and
realistic environments that better represent the demands that
older adults navigate every day. Focusing on using VR to mimic
the influence of affect on cognitive, perceptual, and motor
behaviors should guide industry, researchers, and clinicians
toward therapies that prevent everyday falls.
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