Methodologies and Applications for Electromyographic

And Kinematic Analysis of Bellydance Movements

The purpose of this study was to use bellydance as a model for complex coordination skills involving multi-segmental articulation of trunk and pelvis. In particular, we examined phase relations in the temporal sequencing of trunk muscle activation, proceeding from rostral to caudal, during undulation of the trunk We also examined muscle activation patterns in simple and compound movements, where the compound movements incorporated the elements of two or more simple movements.

The subject was a highly accomplished bellydance instructor and performer. Kinematics of the legs, pelvis and trunk were recorded along with surface EMG from 22 independent recording sites on the back, abdomen and legs. A total of 34 different rhythmic movements were recorded. The simple movements included the piston shimmy, pelvic tilt, hip twist and horizontal hip slide. Initial analysis consisted of classification of temporal sequencing and phase relations in periodically active muscles. Independent component analysis will be used to more rigorously classify fundamental activation patterns.

The basic reciprocal phasic muscle activation patterns characterizing the simple movements suggest that they can be considered as root movements or motor primitives for more advanced bellydance skills. Analysis of two compound movements, the transverse figure eight and the three-dimensional hip circle revealed that the transverse figure eight was essentially a combination of the hip twist and hip slide, incorporating the activation patterns of both. However, a new pattern emerged in the three-dimensional hip circle that did correspond to the activation sequence and phase relations observed in either of the underlying simple movements (hip shimmy and pelvic tilt).

Results from the present study show that the human motor system is capable of specifying rostral to caudal (undulation, three-dimensional hip circle, hip twist, hip slide, transverse figure eight) as well as bilateral (piston shimmy, three-dimensional hip circle, hip twist, hip slide, transverse figure eight) separation of function in single muscles such as erector spinae and rectus abdominus, which, according to conventional wisdom, act as single, non-differentiable units. This assumption is probably due to the tendency in research to study movements where the trunk is treated as a single rigid segment for the sake of methodological expediency. Such movements are not capable of revealing the full potential for specific segmental articulation of the trunk. In continuous movements like the undulation and the transverse figure eight, we see gradual transitions between different sets of muscle synergies, possibly indicating the requirement of higher levels of central control for these movements than for rapid ballistic ones like the piston shimmy. While simple reciprocal patterns of muscle activation likely reflect spinal cord modularity, we hypothesize that more complex patterns, such as the intricate rostral to caudal phase shifts during undulation, are under cortical control. 
