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Abstract

The problem of aging society has hastened the need for more efficient

rehabilitation programs as more and more governments struggle to reduce the

burden of national health insurances. The use of virtual reality for thé rehabilitation

of stroke patients has a lot of potential as it is safe, entertalmng, adapted and allows

new rehablhtatlon techmques However, most of these systems were demgned

solely for patients with motor handicap. We propose a system that combines virtual

reality, haptics and an éye-gaze tracking device for the patients with higher brain

dysfunction. In particular, we chose to focus our research on unilateral neglect, a

common disorder defined as an attention deficit to stimuli emanating from the side

of the space contra-lateral‘to the brain lesion. In this thesis we present the results of

experiment conducted with unilateral neglect and hemiparetic patients to assess

their impairment and evaluate a new kind of rehabilitation techniques.

Chapter One

The first part presents detailed information regarding higher brain dysfunction

and in partiCulaf hemispatial neglect. The motivation for this research is. also

explained.




Chapter Two
The second part explains the advantages of using virtual reality for the diagnosis
and the rehabilitation of stroke patients and patients with higher brain dysfunction.

Also, relevant projects in this particular field are presented.
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Fig. 1 Stand alone unit Fig. 2 Desktop Unit

Chapter Three

The third part introduces the virtual reality systems and software that we built
represented here in Fig 1 and 2. The purpose of the two systems and their
specificities are discussed. Concerning the software, we have limited ourselves to
the most interesting subset of the different tasks that we designed: virtual revolving
sushi bar (Fig. 3), virtual paper and pencil tests (Fig. 4), and the scoop-a-fish game.
The framework and the different techniques that give the advantage to this system

are also explained.

Fig. 3 Virtual revolving sushi bar Fig. 4 Virtual line bisection test
Chapter Four
In part four, we discuss the experiments we did with stroke patients who had
upper limbs handicap. We demonstrate that the system is precise enough to evaluate
the motor handicap of the patients. We also compare our system to related works

and discuss what a good evaluation criterion is in this particular context. The results



of evaluations based on spectrum analysis and the quality of the trajectories are
detailed and the r¢1evancy of both methods is evaluated.
Chapter Five
Part five focus on the experiments we conducted with hemispatial neglect
patients by u§ing a virtual counterpart of the traditional pencil and paper tests. We
wanted to evaluate the benefits bf the limb activation and a reduction of the visual
" field on the neglect. The ﬁrst‘experiment was conducted to determine the difficulty
of the tasks. We observed that the limb activation technique was not sufficiently
adapted for the patients and therefore made some improvements. The svecond'
expériment was con(iucted with healthy subjects and two patients. Given the low
number of patients, we introduced the idea of simulating the neglect with the virtual
reality system. This feature can also be used to study the potential of rehabilitation
technique beforehand or as an educational tool for the relatives of a patient. The
results obtained in this experiment were not in favor of the reduction of the visual -
field and a discussion about the causes follows. We did a third experiment to verify
our hypothesis and to determine how to maximize the efficiency of the technique.
The results indicated that é neglect occurring in the irnagiﬁary spéce was the cause
of the initial failure. A method to minimize the i)roblem was successfully tested.
The performance on the paper and pencil tést before and after the experiment are .
presented and discussed.
Chapter Six
The last part is the cqnclusion of the thesis. It summarizes our results and
mentions possible future deifelopments.
Conclusion
This thesis presents a novel use of virtual reality and haptics technologies
combined with an eye-gaze tracking device to provide new rehabilitation methods
and Better’ evaluation criteria for stroke patients and patients with higher brain
dysfunction in particular. The potential of the system has been evaluated and
" discussed ‘through experiments with healthy 'subj ects, simulated patients,

hemiparetic and hemispatial neglect patients.
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