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Abstract – A large normative data set of upper limb movements has been collected using passive reflective markers placed on the forearm, wrist, hand and fingers.  Movements were captured by a Vicon motion analysis system whilst undertaking a clinical hand function assessment, the Southampton Hand Assessment Procedure.  Light and heavyweight versions of objects were tested and initial results have shown interesting variations that correspond with physiological and functional approaches to movement.

I. INTRODUCTION

The origins of upper limb motion analysis are taken from a well-established set of protocols defined by research in analysing human gait.  Due to the repetitive nature of human gait, normal gait patterns can be established and therefore comparisons can be made between normal and pathological gait patterns.  The aim of this project is to constrain the variable movement of the upper limb in a cyclic pattern, it is then possible to applied such techniques as fourier series as used in gait analysis.

II. METHODS

Cyclic movements of the upper limb were analysed using the Southampton Hand Assessment Procedure (SHAP) [1]. The SHAP consists of 6 abstract object shapes; light balsa-wood and heavyweight aluminium versions (see Figure I).  Each abstract object enforces a static prehensile pattern as described in the literature [2]-[4], illustrated in Figure II. The SHAP also contains 14 Activities of Daily Living (ADL), which are activities that a person should encounter on a day-to-day basis.  The participant times each task, which is preferable as it makes the process completely objective.
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FIGURE I

SHAP ABSTRACT OBJECTS: HEAVY AND LIGHT

From the original 12 abstract objects of the SHAP, 10 were selected for use in the kinematic analysis of the project.  The Lateral objects were eliminated due to the inherent occlusion of markers when moving the object.

Each participant was asked to undertake a single pick and place activity of the five remaining light then heavyweight versions of each object using the appropriate grip posture. 

Each object would in turn be positioned in the appropriate place on the SHAP board furthest away from the participant.  The participant would start the timer, move the object the appropriate place on the SHAP board nearest to them and then stop the timer.  This was done in each case, with the exception of the spherical object that had the corresponding light or heavyweight tip object placed on the SHAP board, thus providing an obstacle over which the spherical object must avoid before being positioned on the appropriate place on the SHAP board nearest to the participant.
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FIGURE II

PREHENSILE PATTERNS ADOPTED DURING SHAP
A 6-camera infrared motion analysis system (Vicon 460) sampling at 100Hz was used to capture the movements of each participant.  Four 9mm spherical and thirty 3mm hemispherical markers were placed on the dorsal aspect of the dominant limb of thirty-five participants as illustrated in Figure III.
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FIGURE III

MARKER PLACEMENT FOR CAPUTRING MOVEMENTS

III. RESULTS

Three-dimensional movements have been analysed by identifying planes of movement generated by the placement of the markers.  

An interesting characteristic was identified when moving the spherical object.  Each participant was asked to move it above and over the corresponding tip object, which was placed in the groove on the SHAP board.  Initial results show an increase in wrist extension when moving a heavier object, as shown in Figure IV.  

The angle of the wrist was determined using vector analysis techniques base on determined body segments, in this case the planes of the hand and forearm.

IV. DISCUSSION

The results have possible connotations enforced by the physiological observations in the literature [5]-[6] whereby the flexor tendons of the fingers pass beneath the flexor retinaculum; a large band-like tendon that covers the muscle tendons, arteries and nerves that pass into the hand.  The mechanism of movement following this configuration causes the finger flexor tendons to shorten when the wrist is extended, thus passively increasing the grip strength.  The results show that by employing this technique of over extension, the participant increases their grip strength when moving a heavier object.  
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FIGURE IV
CORRRESPONDING WAVEFORMS FOR LIGHT (SOLID) AND HEAVYWEIGHT (DASHED) VERSIONS OF THE SPHERICAL SHAP OBJECT
V. CONCLUSION

An empirical study was designed to enforce cyclic movements of the upper limb in order to mimic the repetitive nature of human gait.  The initial results of this study have shown a difference in extension of the wrist when a participant moves a spherical object of uniform size but different weight.

The results of such studies are clinically relevant [7]-[8].  If a standardised set of waveforms relating to and representing hand function can be established then comparisons with impaired participants can also be made.  Cyclic movement has been shown to be clinically useful in addressing impairment and deviation from a norm in gait analysis.  It is hoped that the aforementioned results will add to the growing field of clinical research for the upper limb alternative.
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