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as an Intervention to Reduce Falls
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 Motor and Cognitive Function and Their Association with Falls

Falls result from interactions between multiple individual and environmental risk 
factors. Extensive research has identified many risk factors in older people in the 
community, including previous falls, demographic characteristics (such as female 
sex and older age), health habits, pain, chronic neurological and musculoskeletal 
diseases, medications, physical impairments, functional limitations, disabilities, 
and environmental barriers [1]. Most falls occur during walking and not surpris-
ingly, gait impairments have been associated with an increased risk of falls [2–4]. 
With aging, elderly individuals generally walk more slowly, with shorter strides, 
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decreased arm swing and longer double limb support times, and increased stride-to- 
stride variability [2, 5]. These deficits that are exacerbated in elderly fallers [2, 5], 
although it is not yet fully clear if these gait changes lead to an increased fall risk or 
if they are a maladaptive response to falls. Nonetheless, biomechanical processes 
and falls were, in the past, largely viewed as a failure of gait and balance 
mechanisms.

Exercise, aimed at improving gait and balance impairments in older adults, 
reduces the rate and risk of falls [1, 6, 7]. A recent meta-analysis of 88 trials for fall 
prevention [7] with 19,478 participants demonstrated that exercise reduced the rate 
of falls in community-dwelling older people by 21%, with greater effects seen from 
exercise programs that challenged balance and involved more than 3 hours per week 
of exercise. These findings are based on studies in older adults without significant 
cognitive impairments. It is now well accepted that cognitive impairment not only 
increases the risk of falls but may also adversely affects adherence to interventions 
and the effectiveness of such interventions. Results from fall prevention trials in 
cognitively intact older people should not be generalized to those with cognitive 
impairment [1, 8].

Indeed, attributing falls in older individuals only to motor and sensory impair-
ments is overly simplistic. Research over the last decades has clearly demonstrated 
the strong connection between balance, gait and falls, on the one hand, and cogni-
tive function, on the other hand [9–14]. Dementia and falls often coexist in older 
adults, gait impairments and falls are more prevalent in individuals with dementia 
than in those with normal cognitive aging, and this prevalence increases with the 
severity of cognitive impairment [13]. Specifically the cognitive subdomains of 
attention and executive function (EF) have been linked to gait alterations and fall 
risk [9, 10, 12, 15, 16]. For example, worse EF scores at baseline were associated 
with falls that occurred during a 2-year follow-up among healthy participants who 
reported no falls at baseline [9]. This relationship makes sense considering the role 
of EF in task planning, dual tasking, sensory integration, judgment, and reasoning 
[14, 16]. Dual-task-related gait changes partly depend on the capacity to allocate 
attention between two tasks performed simultaneously and are mainly related to 
executive dysfunction.

EF and attention abilities are reduced with aging, placing older adults at higher 
risk of falling when they attempt to perform two or more tasks simultaneously [17, 
18]. These negative effects of aging are even larger among elderly fallers than in the 
general elderly population [9, 19, 20]. These findings have important implications on 
every day function. They support the idea that when people are distracted or attempt 
to perform a task that diverts attention from walking or stepping [19], gait deficits 
become exacerbated, walking becomes less safe, and the risk of falls increases. 
Attention and planning are also associated with complex everyday life activities such 
as obstacle negotiation. Older adults and patients with neurodegenerative conditions 
often have difficulties with negotiating obstacles, with the lower leg of older adults 
passing dangerously close to impediments during walking [21, 22].

Due to the multifaceted aspects of falls [23–25], it is only reasonable to posit that 
therapeutic interventions aimed at reducing fall risk should be designed to address 
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both motor and cognitive aspects of safe gait while also addressing dynamic balance 
and muscle strength deficits [1, 8, 13, 26–28]. Multifactorial interventions involve 
several modalities and are usually provided by multidisciplinary professionals. The 
interventions may include exercise, review and modification of medications, and/or 
addressing risk factors and home adjustments, and referrals. Physical therapy (PT) is 
considered a multifactorial intervention as it may include several training modalities. 
As mentioned above, exercise has become a widely studied fall prevention interven-
tion. However, despite the increasing recognition of the importance of cognition, 
motor, and obstacle negotiation abilities, multifactorial interventions have generally 
focused on individual risk factors separately, largely ignoring their interdependence 
and the role of executive function, attention, and cognitive function, more generally.

 Virtual Reality for Motor-Cognitive Training

Virtual reality (VR) is defined as a high-end computer interface that involves real 
time simulation and interactions through multiple sensory channels [26, 29]. The 
impetus for using VR for motor-cognitive training is that the technology may enable 
individualized repetitive practice of motor function, graded in accordance to the 
needs and level of ability of the person, while engaging in and stimulating cognitive 
processes, typically in a fun, game-line environment. VR can be used to provide 
training in a more stimulating and enriching environment than traditional rehabilita-
tion, while providing feedback about performance to assist with the learning of new 
motor strategies of movement. The realism of the virtual environments provides 
individuals with the opportunity to safely explore their environments, increasing 
their sense of autonomy and independence in directing their own therapeutic 
experience.

VR training can also address emotional aspects. It is challenging and enjoyable 
which makes the intervention engaging and motivating, VR training can also reduce 
fear or anxiety of performance and improve exercise compliance and effectiveness 
in patients with different affective disorders and motor impairments [30–32]. These 
VR qualities allow for higher intensity of training in short duration protocols with 
relatively low patient burden [29, 33]. VR protocols can be standardized and repli-
cated and enable domain-specific or multidomain progression, fostering a personal-
ized medicine approach. Based on these many beneficial attributes, VR technology 
can be well suited to address the multiple motor, cognitive, and emotional aspects 
required to reduce the risk of falls [24, 26, 33] (Fig. 18.1).

In recent years, there has been a spurt of technological advancement. VR systems 
have become more affordable and portable allowing for use even in the home envi-
ronment by unprofessional personnel. Systems differ with respect to their interface 
and simulation content, the latter is generally chosen to fit the specific goals of the 
VR intervention. Interfaces to the VR simulation could include a screen and motion 
camera [26, 34], head-mounted displays or glasses, and include both custom-made 
and commercially available systems specifically designed for older adults 
(Fig. 18.2).
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As previously mentioned, fall prevention interventions should include multiple 
aspects relating to falls, task-specific and generalized training. The intervention 
should be centered around the user’s needs while applying principles of motor 
learning to teach new strategies that can be applied in different everyday settings 
and situations to decrease fall risk [24, 26, 29]. VR can be used as a gateway to 
functional recovery in the elderly as it allows for the simultaneous focusing on both 
the physical and cognitive domains to decrease the risk of falls and empower safe 
community ambulation and function [24, 26]. This approach has the potential to 

Motor

VIRTUAL REALITY TRAINING – A COMBINED IMPACT

EmotionalCognitive
MotivationalVaried meaningful and

purposeful context fitted for
the individuals’ needs

Introduces problem solving
and decision making

opportunities

Increasing executive
function and attentional

demands

Engaging

Safe (stress reduction)

Enables high intensive

repetitive practice

Treatment with altering
physical demands

Re-weighting sensory inputs
in a safe environment

Augmented feedback
individually controlled and

tailored

Fig. 18.1 Virtual reality attributes. A combined motor, cognitive, and emotional impact

Fig. 18.2 Different virtual reality systems used for motor-cognitive interventions for the elderly. 
From the left, a commercial system (Dance–Dance Revolution) [26], the oculus rift head-mounted 
display [35], and a custom-made system: V-TIME [34]
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address many of the barriers that currently prevent adaptation of other fall risk treat-
ment programs in clinical settings (e.g., poor compliance to the intervention, poor 
retention after training, costly, not readily available, and not engaging). Whereas 
other forms of exercise interventions may be viewed as a boring, highly repetitive 
burden, VR is fun and challenging, promoting long-term compliance [36].

 Virtual Reality for Reducing Falls

A recent meta-analysis summarized evidence on the effectiveness of virtual reality 
games as compared to conventional therapy or no intervention for improving motor 
function in the elderly. A total of 28 studies were evaluated among 1121 elderly 
participants. The study found that VR games significantly improved mobility, bal-
ance, and fear of falling after 3–6 and 8–12 weeks of intervention when compared 
with no intervention and had superior effects on balance improvements (as mea-
sured using the Berg balance test), compared to conventional interventions [37].

In addition to the studies that examined the effects of VR on mobility and bal-
ance, several studies explored the utility of VR for specifically reducing fall fre-
quency or fall risk (i.e., using fall rate as a primary outcome measure). In one of the 
earlier studies, Duque et al. [38] evaluated the use of a Balance Rehabilitation Unit 
(BRU) implemented with VR in 70 older adults with a history of falls (mean 3.4 ± 3 
falls in 6 months prior to the study). The BRU is a balance platform combined with 
visual display presented in front of the user. Participants received either the BRU- 
training which included two sessions of balance training per week for 6 weeks each 
lasting 30 minutes or usual care which included an invitation to join an exercise 
program (following the Otago protocol), medication review, home visit by an occu-
pational therapist, hearing and visual assessment, vitamin D supplementation, and 
education materials on falls prevention. Both groups showed a significant reduction 
in the incidence of falls. However, 9 months after the intervention, BRU-training 
subjects reported a significantly lower number of falls as compared with the con-
trols (1.1 ± 0.7 vs. 2.0 ± 0.2, respectively) and lower levels of fear of falling [38].

Similar findings were observed by Fu et al. [39]. They compared the effects of a 
6-week training program (three times a week) of VR, provided by the Nintendo Wii 
Fit, to conventional strength and stretching exercises on incidence of falls in 60 
older adults living in a nursing home. The incidence of falls, measured over the 
12 months after the completion of the intervention, improved significantly in both 
groups. Nonetheless, participants in the Wii Fit training group showed a signifi-
cantly greater improvement compared to the control group. The results suggest that 
even in institutionalized older adults with a history of falls, VR training can be used 
to effectively reduce fall risk and the incidence of falls [39].

Another study using the Wii Fit balance exercises explored the utility of this 
method for the training of individuals post stroke [40]. The researchers compared 
the effects of training twice weekly for 10 weeks with the Wii fit compared to a 
similar dose of conventional physical therapy sessions including stretching, 
strengthening, and balance exercises. Although there was a significant effect on falls 
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in the VR group after training, the median number of falls prior to the evaluation 
was small (0–1 or 0–2  in the experimental group and the control group, respec-
tively). Thus, although the findings are encouraging, future studies should explore 
the value of VR in reducing fall incidence in a larger sample of individuals post 
stroke [40].

Eggenberger et al. [23] investigated the added value of the VR component as 
compared to a motor-cognitive intervention and a motor intervention alone. Eighty- 
nine participants were randomized to three groups: (1) virtual reality video game 
dancing (DANCE), (2) treadmill walking with simultaneous verbal memory train-
ing (MEMORY), or (3) treadmill walking (PHYS). Each program was delivered 
twice weekly for 20  minutes followed by strength and balance exercises for the 
duration of 6 months. Fall rates were evaluated for 1-year post intervention. Both 
motor-cognitive interventions (DANCE and MEMORY) showed a significant 
advantage in dual task cost and gait variability, proxies of fall risk. Fall frequency 
was significantly reduced by 77%, from 0.79 falls per person-year at baseline to 
0.18 falls per person-year during the first 6-month period after training. However, 
there was no difference between the training arms [23]. This could potentially be 
attributed to the small number of participants and the large variability in the number 
of falls.

Parijat et al. [41] used a head-mounted display to provide a virtual reality scene 
of a street environment. The VR scene consisted of virtual slips or perturbations 
(tilts) in the pitch plane at random intervals while participants walked on the tread-
mill. The researchers investigated whether this type of training is useful in teaching 
older adults a strategy to avoid slips. Participants received three training sessions 
using the system while participants in the control group received standard gait train-
ing. During evaluations, participants were asked to walk on a slippery surface cov-
ered with a 1:1 water and KY-Jelly mixture while wearing a harness. A slip trial was 
considered a fall if the slip distance exceeded 10  cm, peak sliding heel velocity 
exceeded the whole body center of mass velocity while slipping, and the partici-
pant’s body dropped toward the floor after slipping and arrested by the harness 
before impact. The VR group was able to reduce the frequency of falls from 50% at 
baseline to 0% in the transfer of training trial, suggesting improved reactive changes 
after slip. This effect was not observed in the control group. The VR training also 
had beneficial effects in improving recovery reactions in older adults when encoun-
tering a slippery surface, also suggestive of a reduced fall risk [41].

The abovementioned trials (as summarized in Table 18.1) demonstrate the feasi-
bility of using VR for reducing falls and fall risk in older adults in single-center 
studies with a relatively small number of participants. The V-TIME study [29, 34] 
is, to date, the largest multicenter randomized controlled trial to directly investigate 
the use of a VR training approach for the reduction of falls. It examined the effects 
of VR training in 282 older adults who had a high risk of falls based on a history of 
two or more falls in the 6 months before the study. Participants included older adults 
with a history of falls (idiopathic fallers), patients with Parkinson’s disease, and 
individuals with mild cognitive impairments with a history of multiple falls. Subjects 
were randomly assigned to receive 6 weeks of either treadmill training plus VR or 
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treadmill training alone. Both groups trained three times per week for 6 weeks, with 
each session lasting about 45 min and with training progression individualized to 
the participant’s level of performance. The VR system consisted of a motion- capture 
camera and a computer-generated simulation projected on to a large screen, includ-
ing real-life challenges such as obstacles, multiple pathways, and distracters that 
required continual adjustment of steps (recall Fig. 18.2c). The primary outcome was 
the incident rate of falls during the 6 months after the end of training.

At 6  months after training, both treadmill training interventions significantly 
improved markers of fall risk and fall rates were lowered for both interventions, 
compared with the values from before training, emphasizing the therapeutic value 
of the active control intervention (i.e., treadmill training alone) [29, 34]. Nonetheless, 
comparisons within the training groups showed that the reduction in fall rates was 
only significant in the treadmill training plus VR group (a 55% reduction) and not 
in the treadmill-training group. Consistent with this finding, a direct comparison of 
the two training groups showed that the treadmill training plus VR intervention had 
a significant, positive effect on the incident rate of falls; the rate of falls after train-
ing was 42% lower in the treadmill training plus VR arm than in the active control 
group (Fig. 18.3). The training also had a positive effect on fall risk measures (gait 
variability during obstacle negotiation and obstacle clearance), improving both to a 
larger degree than that seen in those who trained on the treadmill without the virtual 
reality component. The added value of the VR component might be explained by the 
nature of the training. The motor-cognitive intervention provided by the VR implic-
itly trained obstacle negotiation strategies in a complex, enriched environment that 
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requires focused attention and planning, in a VR environment that mimics everyday 
walking in the real world and implicitly teaches safe ambulation. Indeed, partici-
pants also reported more engagement and satisfaction by the training and reported 
that they felt more confident [36]. The findings further support the notion that a 
combined motor-cognitive intervention could be beneficial to reduce fall rates in 
older adults and those with neurodegenerative conditions [42].

 Discussion and Future Directions

The findings from the VR literature on reduction of fall rate in response to interven-
tion are in line with the most effective fall preventions that have assessed more tra-
ditional group-based and homed-based exercise interventions in older people and 
well above the average reduction of 21% for exercise interventions reported in sys-
tematic reviews [7]. This could be a result of the interactive environments, which 
are engaging and enable long duration practice with increased level of challenge. 
These systems have the potential to influence postural control and fall events by 
stimulating the sensory cues that are needed for maintaining balance and orientation 
and by improving motor control patterns as well as cognitive functions and emo-
tional aspects. VR also enables training in high intensity in simulations that are 
ecologically valid, resembling everyday life situations and allows for training that 
focuses on the key motor-cognitive aspects that are critical to safe ambulation. It is 
possible that the positive effects observed in studies with VR are related to improved 
multitasking and gait adaptability in situations requiring focused attention and plan-
ning and these in turn transfer to real-world situation.

The field of VR for falls is still relatively young, with only a limited number of 
studies specifically examining the effects of VR training on falls in older adults. 
Future research should explore different populations including older adults with 
cognitive impairments. Much is still unknown regarding the optimal dosing and 
intensity of training required to impact falls in older adults and the retention of these 
effects (beyond what is reported today). In addition, it is imperative to evaluate the 
effectiveness of this method in clinical instead of research settings, fully evaluating 
the utility of this approach administered in community gyms and rehabilitation clin-
ics. Lastly, it will be interesting to examine whether this method could be used as 
part of a fall prevention approach, to treat fall risk before falls become common 
(i.e., “prehab”) and before any injuries occur.
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