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Using virtual reality (VR) to assist with rehabilitation is an attractive option for many reasons.
With the desire to increase the intensity and frequency of therapy sessions whilst
maintaining or cutting costs, the use of VR provides a feasible and efficient method of
delivering therapy. VR systems are based on three dimensional computer generated
simulations of the real world. Interacting with these simulations creates compelling
perceptual illusions which allow the user to behave in the virtual world in a similar way to
how they behave in the real world. The capability that this type of interaction affords means
that VR systems have many advantages in rehabilitation settings; they can provide safe
environments which can be tailored to meet the individual’s needs, they can mimic real
situations, they can make boring repetitive tasks more engaging and interesting, they enable
detailed monitoring of performance to be taken and they allow specific and measureable
goals to be set. VR also offers a variety of mechanisms for therapeutic gain including the
repetitive practice of movements, engaging in problem solving, memory and attention tasks
and exposure to anxiety provoking stimuli or events. Until recently though the use of VR in
rehabilitation has been described as ‘more virtual than real’1, but with rapid developments in
affordable software and hardware this is changing rapidly. Today the number and nature of
computer-based interactive tasks that can be used for rehabilitation is growing, and their use
is becoming more commonplace. However, in reviewing the current state of play it is clear
that whilst the potential for VR-based therapies is significant we still have some way to go
before they are embedded in everyday clinical practice or the home.
VR-based therapies have been used for a variety of conditions including movement
disorders, pain management2, cognitive deficits3 and anxiety disorders4 but the most
commonly reported and assessed neurorehabilitation applications have been in postural
control5,6 and stroke rehabilitation. Assessing the efficacy and effectiveness of VR-based
therapies is not straightforward though as the literature on the use of VR in stroke
rehabilitation exemplifies. A Cochrane review7 carried out in 2011 that evaluated the effects
of virtual reality and interactive video gaming on upper limb, lower limb and global motor
function after stroke, revealed only 19 randomised control trials that met the inclusion criteria
and 12 of these had sample sizes of less than 25 participants. Whilst the conclusions of this
review were favourable for the use of VR and interactive video gaming in improving arm
function and activities of daily living in stroke rehabilitation, there was insufficient data to
draw more conclusions. This lack of empirical evidence also extends to which aspects of
VR-based therapies will be the most important for different groups of patients, and whether
the benefits of VR-based therapies are maintained in the long term.
Similarly, a meta-analysis to determine whether VR-based therapies provide additional
benefits for arm motor recovery after stroke published in 20118 included 12 studies of which
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only five were randomised control trials. When pooled the data showed that the patients who
were randomised to the VR-based therapy were 4.9 times more likely to improve their motor
strength compared to patients in the control conditions. However, there were no large
studies which compared conventional therapy to VR-based therapy, and a large and varied
number of outcome measures were used in the different trials included in this review.
This poor evidence base for the efficacy of VR-based therapies reflects a number of
difficulties. The cost of equipment and the need for skilled programmers to create bespoke
virtual environments has restricted research programmes in the past, although this is
improving. Greater difficulties lie in the designing of informed games-based tasks and in
understanding the nature of how the intervention could or should be delivered. Lange et al.9
described seven core elements that a VR-based intervention should address, including
specifying the precise tasks to be targeted for rehabilitation and adjusting the levels of
difficulty as the person progresses. This indicates that clinicians and therapists have critical
roles to play in designing and implementing VR interventions, and the importance of this was
raised by Levac et al.10 who pointed out that VR systems are tools whereas VR-based
therapies involve making decisions about the appropriateness of the VR system in terms of
the person’s ability to interact with it, the types of VR tasks to be used, frequency of use,
rates of progression etc. The role of the therapist in ensuring the clarity of instructions and
objectives, and helping with the initial interactions with the virtual world has been
documented in a qualitative study of stroke patient’s experiences of VR-based therapy11, but
unfortunately within the current quantitative literature the processes and procedures
surrounding how interventions were delivered are generally not well described.
The rapid evolution of the technology in this field has seen different forms of VR systems
come on the market ranging from fully immersive room sized systems to the more common
non-immersive experience of using a games console or a computer and monitor. The range
of ways in which individuals can interact with virtual environments has also expanded with
the invention of haptic and force feedback devices which provide tactile sensations and allow
the user to grasp and feel objects in the virtual world. Recent advances in augmented reality
(where the user wears a head mounted display and views the real world, but with the
addition of computer generated information overlaid onto the scene) may also prove to be
useful in rehabilitation settings. Alongside these developments the games industry is also
making an impact on rehabilitation with products such as the Nintendo Wii being
incorporated into therapies. However, viable concerns are being raised about games that
have been designed for entertainment being used in therapeutic settings12. Studies that have
classified the content of games13 will certainly help clinicians decide the appropriateness of
the game, but knowing whether playing the game will generate the most appropriate
movement pattern or behaviour is more challenging. For example, the mapping of a patient’s
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movement amplitude and direction to the movements of an avatar in the game may not be
sufficiently sensitive to provide adequate feedback13, and when patients have been asked
about how they played the games some have admitted to ‘cheating’ by making proscribed
rather than prescribed movement patterns in order to gain more points in the game11.
Overall, there is good evidence for the feasibility of using VR-based therapies in
neurorehabilitation, although consideration needs to be given to the kinds of devices used
since some have the potential to cause cybersickness (nausea, eyestrain, blurred vision
etc.)14. However, robust evidence for the effectiveness and efficacy of this type of therapy is
yet to emerge although the signs are promising. Clearly much more work needs to be done
and future studies will need to explore not only the functional outcomes of VR-based
therapies but also the extent to which they influence cortical reorganization. Some progress
has already been made on this, for example, a preliminary report using fMRI to assess
changes in five patients with hemiparetic stroke who had received VR training daily for five
weeks indicated that following VR training there was a decrease in the ipsilateral activation
and an increase in contralateral activation of the sensorimotor cortex when moving the
affected limb15. Future work also needs to consider the extent to which there is transfer from
the virtual to the real world, and a greater understanding of the mechanisms that promote
change in VR-based rehabilitation settings will aid this. These challenges are likely to be met
soon since this rapidly developing field has seen the creation of numerous research
laboratories and companies in recent years and the formation of an International Society for
Virtual Rehabilitation (www.isvr.org/).
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