Appendix 1A -Supplementary Data

1. AI duPont multi-segment marker set: [22] The full AI duPont multi-segment foot model marker set consists of 30 markers. The markers are placed over specific boney landmarks located on the lower leg and foot. The exact placements of the markers are listed in Table 4. The marker set is shown in Figure 4. The multi-segment foot model requires that all 30 markers are in place during the collection of a static trial of video data. For walking trials, the medial and lateral femoral epicondyle and medial tibial malleolar markers are removed.

2. Kinematic model: The lower leg and foot were modeled as 5 rigid bodies with 2, 6 degree of freedom and 2, 4 degrees of freedom joints interspersed between the segments. The segments consisted of a lower leg (tibia and fibula), rearfoot (talus and calcaneus), forefoot (osseous structures distal to the calcaneus and talus excluding the toes), the first ray (navicular, medial cuneiform, and first metatarsal), and hallux. The joints between the lower leg and rearfoot and rearfoot and forefoot segments were treated as 6 degree of freedom joints. The joints between the rearfoot and first ray and the first ray and hallux were treated as 2 degree of freedom joints. Although these joints are 6 degree of freedom joints, they were treated as 2-degree freedom joints secondary to difficulties we encountered with the placement of three non-collinear markers over these osseous structures while avoiding the sandal fixation straps and marker vibration and collision during pilot work we conducted prior to the experiment.

3. Euler angle method: Using the filtered data, kinematic model and a commercially available software package (Foot 3D, Motion Analysis Corporation, Santa Rosa, CA), the three dimensional angular displacements of the rearfoot and forefoot, and two dimensional angular displacements of first ray, and hallux segments were obtained using an Euler decomposition method (ZYX).

To obtain the three-dimensional joint angles of the rearfoot and forefoot, local (tracking) coordinate systems were established in the lower leg using the rigid marker triads affixed to the lower leg, bilaterally. These local coordinate systems were used to track the knee and ankle joint centers during the walking trials. The location of the knee and ankle joint centers and their relationship with the local coordinate systems was determined using marker data collected during a five second static standing trial with the subject in an anatomical position with their knees in 0 degrees of flexion - extension, ankle joints in neutral dorsiflexion - plantar flexion, rearfoot in a relaxed calcaneal stance position, and feet in 10 degrees of abduction (with respect to the sagittal plane). The knee and ankle joint centers were determined by calculating the midpoint of markers located over the medial and lateral epicondyles of the femurs and the inferior most aspect of the medial and lateral malleoli of the tibia and femur, respectively.

The knee and ankle joint centers were then used to establish an anatomical coordinate system for the tibia-fibula with the positive X axis directed from the proximal to distal joint center, the positive Y axis directed anteriorly and is formed by the cross product of the X axis and a vector directed to the right formed by the lateral malleolar markers and ankle joint center, the Z axis is directly laterally and is formed by a cross product of X and Y axes. A rearfoot coordinate system was established with the positive X axis pointing inferiorly and formed by a vector connecting the superior and inferior calcaneal markers. The positive Z axis was directed to the right and was formed as a cross product of X axis with a vector connecting the inferior calcaneal marker with the ankle joint center. The positive Y axis pointed anteriorly and was formed as a cross product of the X and Z axes. The navicular, cuboid, first and fifth metatarsal markers were used to establish a forefoot coordinate system. The positive Y axis of forefoot coordinate system pointed anteriorly and was formed by a vector connecting the midpoints of the cuboid and navicular and the first and fifth metatarsal markers, respectively. The positive X axis pointed inferiorly and was formed as a cross product of the Y axis and a vector connecting the first and fifth metatarsal markers. The positive Z axis pointed to the right and was formed as a cross product of the X and Y axes. A medial forefoot coordinate system was established using the cuboid, navicular and first metatarsal markers. The positive Y axis pointed anteriorly and formed by a vector connecting the navicular and first metatarsal markers. The positive X axis pointed inferiorly and was formed as a cross product of the Y axis and a vector connecting the navicular and cuboid markers. The positive Z axis pointed to the right and was formed as a cross product of the X and Y axes. The first ray and hallux were represented as single vectors formed by vectors connecting the navicular and first metatarsal and first metatarsal and hallux markers.

For the rearfoot and forefoot segments the orientation of the distal segment with respect to the proximal segment was determined using a Euler decomposition method. The rotations were performed in the following order: Flexion - extension first (Z axis), abduction- adduction next (Y axis) and internal - external rotation last (X axis). Flexion - extension and abduction - adduction of the first ray vector about the Z and X axes of the rearfoot were then obtained. Finally, hallux abduction - adduction and flexion - extension of the hallux about the X and Z axes of the medial forefoot were obtained.
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