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	Project Title
Development of a virtual reality mirror box for pain research


	Project Summary (maximum 300 words)
Visual illusions provided by a mirror box can have a beneficial effect in phantom limb pain. Mirror box therapy involves placing a mirror in the mid-sagittal plane so as to create the illusion that the amputated limb is again intact. The clinical evidence from therapies using the mirror box suggests considerable promise in reducing pain.
We aimed to develop an interactive and patient-friendly “virtual mirror box” (VMB) that will provide real-time visual feedback of the appearance and movement of any limb or limbs as needed. Static and dynamic mirroring of the intact limb was to be realised within a Masters thesis.
The VMB was developed using our Computer Aided Rehabilitation Environment (CAREN system, MOTEK, Amsterdam) which is the only one in the UK and integrates biomechanical movement analysis with virtual reality. 
•  Static virtual mirror box for sitting
Using three-dimensional movement tracking of the intact limb a virtual limb was reconstructed by mirroring and translating the intact limb in place of the affected limb. The CAREN system’s video projector visualises the virtual limbs which respond to movement as in a real mirror.
•  Dynamic virtual mirror box for gait
A limitation of the classical mirror box is that the limbs are used in an open-chain arrangement as the intact leg is moved while sitting. Using the CAREN’s real-time data stream, an adaptive time delay of a half gait cycle was introduced which mirrored the intact limb in place of the artificial/paretic/dysfunctional limb while the participant was walking on a treadmill. 
Following completion of the project, two VMB prototypes will be ready for validation, testing and pilot studies. This project will have an immediate benefit for the IHR as it will facilitate collaboration with the Walton Centre and Alder Hey Hospital.


	Pathway[endnoteRef:1]: Long Term Conditions, Children’s Services  [1:  Optional / where applicable: Clinical / Patient Pathways: 
Maternity & Newborn
Children’s Services
Staying Healthy
Long-term Conditions
Acute Care
Planned Care
Mental Health
End of Life
] 


	Statement of achievement against Aims and Objectives (maximum 100 words)
Where applicable, please give a reflective account of any difficulties encountered and remedial action taken
To date, the Static Virtual Mirror Box for Sitting has been developed whilst the Dynamic Virtual Mirror Box for Gait continues to be developed by Motek Medical BV. We have however received a working prototype of the Dynamic Virtual Mirror Box which will allow some evaluation within the Masters thesis. The delay in completion is partially due to a delay in the signing of the contract with Motek, due to lengthy negotiations on intellectual property with the LJMU Business Development Team, and Motek missing the deadline for delivery of the completed Dynamic Virtual Mirror Box (anticipated delivery now Aug. 2010).

[image: ]


	Significant outcomes, results (maximum 200 words)
Please present these in a way that is comprehensible to non-experts
The development of our VMB makes it the first immersive mirror box that allows the patient to walk whilst experiencing the mirrored effect in real time. The flexibility of the VMB is such that it can be used to mirror either the left or right side completely, independently or as the arms or legs separately. Our first challenge was to find reliable gait events (heel strike, toe off) that could be identified from 3D marker positions. These gait events then contributed to the development of an algorithm we developed that allows the mirror box to dynamically adapt itself if the patient’s gait characteristics (such as stride length or frequency) change. In addition the algorithm identifies asymmetrical stride patterns and either lengthens or shortens temporal characteristics of the mirrored limb accordingly. To allow use of the VMB outside of the lab environment we also ensured that the mirroring could be controlled according to joint angles rather than purely marker positions, which means that patients’ movements can be detected, and the VMB driven, by inertial sensors.
A video of the VMB prototype was shared with delegates of the IHR 2010 Annual Conference.


	Impact of the research or potential for translation of research findings (maximum 200 words)
Please address the following: 
1. Who will benefit and how?
People benefiting from the development are a number of special populations, our collaborators and our own research group: Amputees who suffer from phantom limb pain could use the VMB to try to alleviate pain. Any population with abnormal gait or movement co-ordination (e.g. amputees, cerebral palsy patients, stroke victims) can use the VMB to assist with gait retraining. The VMB provides our research group with a highly sophisticated tool that will allow us to continue to attract external research funding and collaboration.

2. What is your plan for maximising impact or translating findings to the benefit of human health?
The developed VMB has a wide range of potential uses across many disciplines. The first planned use of this tool is to train co-ordination in children with cerebral palsy. To this effect, our research group is to submit a £200K outline application with a number of LJMU and external collaborators including Alder Hey Children’s Hospital, Walton Neurological Centre, and MARIARC to examine the effect of the VMB therapy on the cortical representation of movement co-ordination using functional MRI. There is also scope for collaboration with the Radiology Department of Alder Hey Children’s Hospital using their new MRI device.

3. How will you measure the success of the impact made?
Impact will be measured according to the success of any treatment provided to special populations.


	Spin-offs (maximum 100 words)
Please state any unexpected consequential activities arising from the performance of the research
The MSc student who evaluated this project has been accepted to undertake a PhD at Bradford. As his topic will be along similar areas, there is the potential for collaboration with this research group in the future.
Through involving patients during the development phase, we now have a good link with ACSIL (Amputee & Carer Support in Liverpool) ensuring involvement of the public in our research planning and potential access to participants in actual research projects. 
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