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Obijective: Fear of falling is defined as an ongoing concern about falling that is not explained
by physical examination. Focusing on the psychological dimension of this pathology (phobic
reaction to walking), we looked at how virtual reality associated with serious games can be
used to treat this pathology.

Methods: Participants with fear of falling were randomly assigned to either a treatment group
or a waiting list. The therapy consisted of 12 weekly sessions of virtual reality exposure therapy
associated with serious games.

Results: Sixteen participants were included. The mean age of the treatment group was 72 years
and that of the control group was 69 years. Participants’ scores on the fear of falling measure
improved after treatment with virtual reality associated with serious games, leading to a sig-
nificant difference between the two groups.

Conclusion: Virtual reality exposure therapy associated with serious games can be used in the
treatment of fear of falling. The two techniques are complementary (top-down and bottom-up
processes). To our knowledge, this is the first time that a combination of the two has been
assessed. There was a specific effect of this therapy on the phobic reaction. Further studies are
needed to confirm its efficacy and identify its underlying mechanism.

Keywords: fear of falling, virtual reality exposure therapy, serious games, phobia, anxiety
disorders

Introduction

Fear of falling is an intense fear of standing or walking,' with an ongoing “concern about fall-
ing that leads to an individual avoiding activities that he/she remains capable of performing™.?
Neurological examinations reveal no abnormalities that might explain the inability to walk
safely on level ground.! Previous falls are not needed to induce fear of falling.>*

Fear of falling is frequent, with a prevalence of 24%-55% in elderly people.*”’
Among individuals who have experienced a fall, the prevalence rises to between 24%
and 92%.4589

Fear of falling can have serious consequences for elderly people, including acci-

dental death,'® physical injuries,'®"" reduced quality of life,'*!s

and impaired social
interaction.'* The frequency of fear of falling and its adverse consequences suggest that
therapeutic strategies need to be developed and assessed. According to the meta-analysis
of Jung et al,"” exercise interventions, hip protectors, and combined interventions are
efficient treatments for fear of falling. However, according to the meta-analysis of Rand
et al, exercise and multifactorial interventions have low significant effects and tai chi
has a moderately significant effect.'® Therefore, these current interventions bring only
limited benefits. Moreover, these approaches focus on the balance dimension of fear

of falling, without considering the psychological dimension. We suggest that fear of
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falling should actually be regarded as an anxiety disorder
(phobic reaction to walking) and thus treated with cognitive
behavioral therapy, which is the gold standard psychothera-
peutic treatment for this kind of pathology.'”'® One type of
exposure is virtual reality exposure, which has already been
successfully used in the treatment of anxiety disorders.!*%!
Virtual reality involves the creation of an interactive,
computer-generated, three-dimensional (3D) environment.?
Studies have already used either virtual reality? or serious
games (video games, such as the Nintendo Wii with its bal-
ance board, can be used as a substitute for traditional force
platforms to improve dynamic strength and balance)**?’ to
treat fear of falling. However, the results are heterogeneous.
We initially tried virtual reality exposure on its own as a
treatment for fear of falling. However, as patients walked
carelessly after therapy and were at risk of falling, we then
administered serious games as a form of augmented reality
to reinstate their bodily reality and embody the new beliefs
induced by the virtual reality exposure. To our knowledge, no
study had previously investigated this combination of tech-
niques. Based on the premise that fear of falling is an anxiety
disorder, we postulated that combining virtual reality (used as
a type of exposure) with serious games (used as an embodi-
ment method) can be an effective treatment. Thus, the aim of
our study was to assess virtual reality therapy associated with
serious games in the treatment of fear of falling.

Methods

Participants

We recruited participants who exhibited a fear of falling,
defined as a phobic reaction to walking. For our inclusion
criteria, we applied the criterion of specific phobia: dispro-
portioned fear in this case provoked by walking with anxious
reaction (palpitations, sweat, etc) and behavioral avoidance.
In somatic diseases (eg, Parkinson’s disease) with potential
repercussions on walking, such a fear can seem adaptive, in
which case, a specialist has to assess whether the degree of
fear matches the walking difficulties brought about by the
current pathology. Therefore, fear of falling was diagnosed
if the fear experienced while walking was prominent and
disproportionate. In this sense, comorbidities involving a
physical disability were not an exclusion criterion. Exclu-
sion criteria were a current severe depressive episode
(Beck Depression Inventory [BDI] >30), an inability to
understand or respond to study questionnaires, severe
visual impairment (inability to see the screen when wearing
the helmet), and an inability to walk at all for a physical
reason (eg, paraplegia). All patients provided their written

informed consent. This research has been approved by the
ethics committee of the University of Paris VI.

Measures

No more than a week before and after the intervention,
participants underwent a nonstructured clinical assessment
featuring the BDI (21-item version), Spielberger State—Trait
Anxiety Inventory (state anxiety: STAI form Y-A; trait anxi-
ety: STAI form Y-B), Sheehan Disability Scale (SDS),* and
fear of falling measure (FFM).” The items in the FFM refer
to a continuum of activities encountered in daily life, rang-
ing from the least likely to evoke concerns about falling (eg,
getting out of bed) to the most likely to do so (eg, walking
outside alone when it is icy). Nineteen activities are probed:
getting out of bed, getting on/off the toilet, getting dressed,
taking a walk, picking up something lightweight from the
floor, carrying a full plate, getting in/out of a car, walking
on a crowded sidewalk, climbing up well lit stairs, climbing
up poorly lit stairs, carrying bundles up well lit stairs, carry
bundles up poorly lit stairs, climbing into a bus, using a step
stool to reach something in a cupboard, stepping off a curb,
getting in/out of a bathtub, standing on a moving bus, using an
escalator, and walking outside alone when it is icy. For each
item, scored from 1 to 3, participants are asked to indicate
how worried they would be about performing a particular
activity (very worried, moderately worried, not at all wor-
ried). Therefore, the total score ranges from 19 to 57. In our
study, the assessor was different from the therapist.

Intervention
Participants were randomly assigned to either the treatment
group or a waiting list control group (by drawing lots).

The therapy consisted of 12 sessions, each lasting
~40 minutes, composed of a brief clinical interview and virtual
reality exposure followed by a serious game. Sessions were
scheduled once a week. For the virtual reality component,
participants were asked to walk in 3D virtual worlds. They
sat on a swivel chair. Participants wore a V8 head-mounted
display (Virtual Research Systems Inc., Aptos, CA, USA) that
allowed them to be immersed in the virtual world, where they
were able to walk using a wireless mouse. The actual exposure
to virtual reality lasted ~15 minutes. There were four differ-
ent virtual worlds of increasing difficulty (city, castle, island,
underground). In the first world (city), the ground was level,
with little variation (sidewalk). In the castle, there was less
space to walk (corridor) and a high step. In the island world, the
ground was uneven, with rocks and differences in height, while
in the final, underground world, participants had to go up and
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down steep flights of steps. A desktop personal computer (PC)
(Transtec — Intel® Core™ i7-960 Processor 3.20 GHz) and a
Nvidia GeForce GTX 470 graphics card with 1| GB of memory
were used to display the virtual worlds in a 640x480 resolu-
tion stereoscopic (3D) format. A 3D electromagnetic sensor
(Nest of Birds; Ascension Technology Corporation, Milton,
VT, USA) was fixed to the helmet to measure head and body
motion during navigation. The serious game component lasted
~15 minutes. We used the EyeToy interface for PlayStation 2
(Sony, Tokyo, Japan) and a video projector to display the
image on a large 2 m X1.5 m screen. Motion was detected
by a USB camera. Participants played the video games by
moving their bodies. The goal was to make the participants
move and give them visual feedback on their movements. We
administered two different games. In the first one, participants
were asked to wash a window covered in foam. They had to
raise their hands above their head and move them from side to
side to remove all the foam. In the second game, participants
had to use their hands to get rid of enemies coming from the
left and right (kung fu). The level of difficulty was adjusted
to match each participant’s progress (parameter: time taken to
wash the window for the first game and rapidity and number
of enemies neutralized for the second one).

The control participants remained on the waiting list for
12 weeks, during which time there was no change in their
treatment.

Statistical analysis

We calculated the differences in the scores on the various
scales (FFM, BDI, STAI-Y-A, STAI-Y-B, and SDS) before
and after the intervention for the virtual reality therapy
and control (waiting list) groups. Nonparametric tests
(Mann—Whitney and Fisher) were used to compare these
differences between these two groups. The primary outcome
was the difference in FFM scores.

Results

We recruited 16 participants with fear of falling: nine in
the treatment group and seven in the control group. Six
women and three men were included in the treatment
group, and four women and three men in the control group
(no significant difference, P=1.00). Mean ages (standard
deviation [SD]) were 72.4 years (12.25) for the treatment
group and 68.65 years (19.05) for the control group. There
was no significant difference between the two groups for
age (P=0.634). All the participants exhibited fear of falling
and had walking difficulties that could not be explained by
their physical condition. Their fear of falling had emerged

following a fall (traumatic psychological origin) for all
participants. They were all able to walk with or without
mechanical help. One participant in each group had sus-
tained a fracture owing to a fall. No significant difference
was found at baseline on the mean FFM scores: 39.0 (7.71)
for the treatment group and 34.43 (9.32) for the control
group (P=0.351). Participants were moderately to severely
impaired in their social and family lives because of their fear
of falling. Mean SDS scores for social life were 6.44 (3.17)
for the treatment group and 6.00 (1.15) for the control group.
Mean SDS scores for family life were 5.44 (4.07) and 4.71
(3.40), respectively. No significant difference was found
between the two groups (P=0.485 and P=0.709). Participants
presented several comorbidities, but these could not explain
their walking difficulties. They included systemic sclerosis
(one in each group), Parkinson’s disease (two in the treatment
group), knee prosthesis for arthrosis (one in each group),
and cerebral stroke (two in the treatment group: one with
vertebrobasilar stroke and one with Sylvian fissure stroke).
None of the participants had severe depression: mean BDI
scores were 12.88 (SD =7.00) for the treatment group and
8.29 (5.82) for the control group. Mean STAI-Y-A scores
were 39.44 (14.64) for the treatment group and 35.29 (8.18)
for the control group. Mean STAI-Y-B scores were 47.5
(9.29) for the treatment group and 42.57 (7.04) for the con-
trol group. No significant difference was found between the
two groups at baseline for these measures: BDI (P=0.266),
STAI-Y-A (P=0.873), and STAI-Y-B (P=0.164). Baseline
results are set out in Table 1.

The difference between mean FFM scores before and
after the intervention was —2.78 (4.82) for the therapy group
and 4.14 (4.3) for the control group, with a significantly

Table | Participants’ mean (SD) baseline characteristics

Characteristics VRET (n=9) WL (n=7) P-value
Age, years 72.4 (12.25) 68.65 (19.05) 0.634
Sex

Female 6 4

Male 3 3 1.000
FFM 39 (7.71) 34.43 (9.32) 0.351
BDI 12.88 (7.00) 8.29 (5.82) 0.266
STAI

Y-A 39.44 (14.64) 35.29 (8.18) 0.873

Y-B 47.5 (9.29) 42.57 (7.04) 0.164
SDS

Social life 6.44 (3.17) 5.44 (4.07) 0.485

Family life 6.00 (1.15) 4.71 (3.40) 0.709

Abbreviations: VRET, virtual reality exposure therapy; WL, waiting list; FFM, fear
of falling measure; BDI, Beck Depression Inventory; STAI, Spielberger State-Trait
Anxiety Inventory (state anxiety: STAI form Y-A; trait anxiety: STAI form Y-B); SDS,
Sheehan Disability Scale; SD, standard deviation.
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Table 2 Comparison of mean (SD) results for VRET and WL
groups

Scale VRET WL P-value
FFM —2.78 (4.82) 4.14 (4.3) 0.007*
BDI —-3.00 (10.79) 3.25 (2.75) 0.476
STAI
Y-A —8.86 (14.46) 9.80 (4.66) 0.005*
Y-B —5.50 (9.18) 1.60 (9.76) 0.247
SDS
Social life —1.22 (2.16) 0.57 (2.30) 0.180
Family life 1.56 (3.78) 1.29 (3.77) 0.120

Note: *P<<0.05.

Abbreviations: VRET, virtual reality exposure therapy; WL, waiting list; FFM, fear
of falling measure; BDI, Beck Depression Inventory; STAI, Spielberger State-Trait
Anxiety Inventory (state anxiety: STAIl form Y-A; trait anxiety: STAl form Y-B); SDS,
Sheehan Disability Scale; SD, standard deviation.

greater decrease in the therapy group (P=0.007). The
difference in mean BDI scores between the therapy and
control groups was not significant: —3.00 (10.79) versus 3.25
(2.75) (P=0.476). The difference between the two groups on
mean state anxiety scores (STAI-Y-A) was significant: —8.86
(14.46) versus 9.8 (4.66) (P=0.005). The difference between
the two groups on mean trait anxiety scores (STAI-Y-B) was
not significant: —5.50 (9.18) versus 1.60 (9.76), P=0.247.
The difference between the two groups on mean SDS scores
for social life was not significant: —1.22 (2.16) versus 0.57
(2.30), P=0.180. Nor was the difference in mean SDS scores
for family life: —1.56 (—3.78) versus 1.29 (3.77), respectively;
P=0.120. The results are shown in Table 2.

Discussion

In this study, we assessed the efficacy of associating virtual
reality therapy with serious games to treat fear of falling. The
FFM scores of participants who completed the 12 sessions
were significantly lower than those of participants who were
treated as usual. Therefore, virtual reality therapy associated
with serious games can be used in the treatment of fear of
falling.

This study was innovative for two reasons. First, we
combined two complementary techniques: virtual reality
therapy and serious games. To our knowledge, this is the first
time that this combination has been assessed. Virtual reality
provides real-time feedback® and requires the cognitive
organization and execution of synchronized motion (top-
down process), whereas serious games allow for embodiment
(bottom-up process) and thus complement virtual reality.
Second, in contrast to previous trials that highlighted the
balance dimension, we focused on the psychological dimen-
sion (phobic reaction) of this pathology, with an intervention

involving virtual exposure to walking with no vestibular
rehabilitation. Thus, the fear of falling was regarded as an
anxiety disorder that was treated with exposure therapy in
the form of virtual reality, whose validity has already been
proved in this kind of pathology.

We did not find any significant improvement in BDI,
STAI-Y-B, or SDS scores in the wake of the virtual reality
therapy. Therefore, the improvement in fear of falling was not
mediated by an effect on patients’ depressive mood (BDI),
general functioning (STAI-Y-B), or motor aspects (SDS).
Thus, the effect of virtual reality therapy associated with
serious games on the fear of falling is specific and concerns
the phobic reaction itself.

Participants’ mean ages were 69 years (virtual reality)
and 72 years (control), indicating that new technologies can
be used efficiently with elderly people.

Limitations

This study had several limitations. The number of partici-
pants was, of course, small. Furthermore, because the ran-
domization was not done with the appropriate software, but
by drawing lots, it cannot be regarded as a true randomized
clinical trial.

Conclusion

We can draw several conclusions from this preliminary
analysis. First, results suggest that virtual reality therapy is
an effective treatment for fear of falling syndrome. However,
because we did not use a proper randomization procedure,
we are planning to undertake a true randomized control
trial featuring the same treatment protocol (virtual reality
combined with serious games). Second, our preliminary
results indicate that 221 patients would have to be included
in such a trial (alpha risk: 0.05; beta risk: 0.2).3! This number
of patients could be reduced by applying an analysis of
variance to the baseline scores.” Increasing the number of
patients would probably lead to a more clearly significant
difference at the end point. By including sufficient patients to
achieve statistical power, we would be able to reach a defini-
tive conclusion as to the usefulness of virtual reality therapy
associated with serious games for treating fear of falling.

Disclosure
The authors report no conflicts of interest in this work.
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