ENFORCING CYCLIC MOVEMENTS OF THE UPPER LIMB FOR MOVEMENT ANALYSIS SYSTEMS
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Introduction

Analysing the movement of the upper limb is difficult due to the variability and complexity of the mechanics available to complete any given task.  When combining a clinical hand function assessment with the analysis of cyclic movement patterns clinicians are able to generate an independent assessment of function, in conjunction with waveforms of movement during a prehensile task, which is clinically relevant.

Applying repetitive tasks to facilitate movement analysis is quite common and usually incorporates the use of Activities of Daily Living (ADL) [1,2] or reach-to-grasp tasks [3,4].  In 2001, Fowler, et al., employed an adapted version of a hand function test in order to provide more stable movement patterns [5].

Materials and Methods

The Southampton Hand Assessment Procedure (SHAP) was used to generate a functionality profile for each participant. The SHAP is comprised of 6 abstract object shapes, both light and heavyweight versions of each shape, and 14 ADL’s.  It is therefore capable of assessing both static and dynamic prehensile patterns and function.  

A 6-camera Vicon 460 infrared camera system was used to capture the movements of 10 abstract object SHAP tasks.  In the first instance, each participant was asked to complete a full SHAP test.  In the final stage of the trial, 30 hemispherical (3mm) and spherical (9mm) passive reflective markers were placed on the dominant arm of each participant (Figure 1) indicating planes of movement.  From the markers a three dimensional geometry is determined thereby generating waveforms of the upper limb movement.

Results

Initial results have found a difference between the waveforms for a lighter object and that for a heavier object as illustrated in Figure 2.  The peak wrist angle in extension for the heavy object suggests that the wrist is over-extended in anticipation of lifting the heavier object.
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Figure 1: Marker placement
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Figure 2: Corresponding waveforms for light (solid) and heavyweight (dashed) versions of the spherical SHAP object

Discussion

Cyclic movement has been shown to be clinically useful in assessing impairment and deviation from the norm in gait analysis.  Applying this repetitive method of analysis to the upper limb has shown to provide the same useful results.  This research has also shown the efficacy of combining the results from movement analysis with a clinical hand function assessment tool in part to better understand the relationship between movement and function.

Conclusion

In addition to the waveforms generated, an independent SHAP functionality profile was generated.  The movement analysis provided cyclic waveforms, thus enabling comparisons of an individual and a normative data set of a population.
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