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INTRODUCTION

In a context of musculoskeletal disorders prevention, movement analysis can provide a better understanding of subject exposure to biomechanical factors. In laboratory studies, these analyses are realized using optoelectronic motion capture systems, which are currently considered as a reference regarding their accuracy of measurements. As for "in the field studies", movement analysis using these systems is more challenging due to the difficulties related to volume calibration and marker occlusions. For these reasons, an emerging approach, using magneto-inertial measurement units (MIMUs), could be appropriate for in the field movement analysis. Several studies focused on the acquisition of upper limb kinematics using MIMUs. Some studies analyzed the impact of sensor placement and calibration on joint angles estimation [1,2], while another study [3] underlined the importance of sensor placement and specific calibration, using a scapula locator, for the scapulothoracic movement estimation. However, this last study only investigated the scapulothoracic kinematics during anteflexion and adduction motions. To broaden these first results, this study aimed at estimating various shoulder movements using MIMU data on the upper limb with and without modifying the scapula sensor calibration. Furthermore, both the scapulothoracic and gleno-humeral joint angles will be investigated and compared to the same joint angles computed with an optoelectronic system.

METHODS

Nine healthy subjects with no history of upper limb complaints participated in the study. Five wirelesses MIMUs (MTw, version firmware 2.0.8, Xsens, Enschede, The Netherlands) were placed on the thorax, on the right scapula, right upper arm, right arm and right hand [2]. MIMUs' calibration consisted in maintaining a standing pose with the upper arm along the body, elbow flexed at 90°, in neutral forearm pronation-supination. Two specific scapula calibration are proposed: the orientation of the scapula sensor is modified with an addition of 18° around the axis representing the superior border of the scapula (MIMU1) [3] and general calibration (MIMU2). An optoelectronic system (Eagle 4, Motion Analysis Corporation, USA) was used as the reference measurement system for the kinematics (REF), according to the ISB (International Society of Biomechanics) standards for the upper limb marker set [4] and using an acromial markercluster [5]. Joint angles were estimated for MIMU1, MIMU2 and REF for four separate movements and posture: maximal amplitude of shoulder flexion/extension (ShoFmax); maximal amplitude of shoulder abduction/adduction (ShoAmax); a circular movement in the transverse plane (wheel) that mainly relied on elbow and shoulder angles and a "T pose" that supposes maintaining a standing pose with the upper arm at 90° in abduction, elbow and wrist in neutral position. Each movement/pose was repeated 5 times in 3 different sessions. The statistical analyses looked for the accuracy (near to the reference) and the fidelity (repeatability) for the proposed calibrations. The differences between MIMU1 and REF and MIMU2 and REF were considered as variables. They were performed with a statistical model with tree variant components: subject, inter-session and intra-session.

RESULTS AND DISCUSSION

The mean differences for flexion/extension angle of the scapulo-thoracic joint estimated using MIMU1 vary between 3.12° (wheel) and 10.63° (T pose). As for MIMU2, these errors vary between 6.75° (wheel) and 16.85° (T pose) (Figure 1). The mean differences for flexion/extension angle of the gleno-humeral joint estimated using MIMU1 vary between 17.57° (wheel) and 47.13° (ShoFmax). Considering MIMU2 these errors vary between 12.57° (wheel) and 42° (ShoFmax). For abduction/adduction angle estimation the specific scapula sensor calibration have no influence and the mean differences vary between 4.78° (wheel) and 12.88° (T pose) for the scapulo-thoracic joint and between 4.27° (wheel) and -20.05° (T pose) for gleno-humeral joint. It is interesting to mention that, for both MIMU1 and MIMU2 the inter-subjects variability (i.e ShoFmax: Sd= 5.14 for ) is smaller than the intra-session variability (i.e ShoFmax: Sd = 9.54).

CONCLUSIONS

The results showed the importance of modifying the scapula sensor calibration for improved scapulo-thoracic and glenohumeral movement estimation. This study confirms the necessity of defining the axis of the scapula by an appropriate anatomical calibration if the analysis of the movement of the scapula with regard to the thorax is needed.
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 1 Figure 1: Flexion/extension angles differences between MIMU1 and REF and MIMU2 and REF for the analyzed movements/posture for scapulo-thoracic joint.